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Abstract
Summary In womenwith osteoporosis treatedwith alendronate
for >12 months and oral bisphosphonates for >3 of the last
4 years, switching to MK-5442, a calcium receptor antagonist,
stimulated endogenous parathyroid hormone (PTH) secretion
and increased bone turnover marker levels, but produced a de-
cline in bone mineral density (BMD) at all sites.
Introduction This study assessed the effects of switching from
long-term oral bisphosphonate therapy to the calcium-sensing
receptor antagonist MK-5442 on BMD and bone turnover
markers (BTMs) in post-menopausal women with osteoporosis.
Methods This randomized, active and placebo-controlled,
dose-ranging study enrolled 526 postmenopausal women,
who had taken alendronate (ALN) for ≥12 months preceding
the trial and any oral bisphosphonate for ≥3 of the preceding

4 years and had spine or hip BMD T-scores ≤−2.5 or ≤−1.5
with ≥1 prior fragility fracture. Women were randomized to
continue ALN 70 mg weekly or switch to MK-5442 (5, 7.5,
10, or 15 mg daily) or placebo.
Results Switching from ALN to MK-5442 produced a dose-
dependent parathyroid hormone (PTH) pulse of threefold to
sixfold above baseline at 1 h, with PTH levels that remained
twofold to threefold above baseline at 4 h and returned to
baseline by 24 h. Switching to MK-5442 or placebo increased
BTM levels compared to baseline within 3 months and MK-
5442 10 mg increased BTM levels compared to placebo by
6 months. With all MK-5442 doses and placebo, spine and hip
BMD declined from baseline, and at 12 months, BMD levels
were below those who continued ALN (all groups P<0.05 vs
ALN). There was also a dose-dependent increase in the inci-
dence of hypercalcemia with MK-5442.
Conclusion Switching from ALN to MK-5442 resulted in a
pulsatile increase in PTH and increases in BTMs, but a decline
in BMD compared with continued ALN. MK-5442 is not a
viable option for the treatment of osteoporosis.

Keywords Bisphosphonate . Calcium-sensing receptor
antagonist . Osteoporosis . Postmenopausal . PTH .

Randomized clinical trial

Introduction

Alendronate (ALN) has been shown to improve spine and hip
bone mineral density (BMD) and reduce fracture risk through-
out the skeleton over 3–4 years [1, 2]. Studies that evaluated
the efficacy of treatment beyond this time period showed that
BMD levels in the hip region generally plateau after 4 years [2,
3], as a result of achievement of a new steady state, with a very
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low rate of remodeling and a very small remodeling space
deficit. Due to the limited evidence of efficacy beyond 5 years,
patients who remain at high risk of fracture after a 5-year treat-
ment with oral ALN might benefit from a change in therapy.

Although there are no clinical trials that assess fracture risk in
patients who switch from ALN to other therapies, several BMD
endpoint studies have been performed. Many of the patients in
these trials had only been treated with ALN for a short duration.
In women with low BMD after treatment with ALN for at least
1 year, there were no BMD increases in those randomized to
zoledronic acid vs. those randomized to remain onALN [4]. In a
similar study of previously treated women switched to
denosumab, BMD increases at all skeletal sites were greater in
the group that switched to denosumab compared with the group
that continued ALN, although in this trial, women were enrolled
after ALN treatment periods as short as 6 months [5].

In women on established ALN, the effects of suppressing
bone remodeling have plateaued, remodeling cavities have been
filled in, the number of stress risers has been minimized, and
bone mineralization density has improved [6–8]. At this stage,
in order to attain a greater reduction in incidence of fracture, an
agent that can stimulate bone formation, increase bone mass,
improve bone architecture, and produce newer and perhaps
stronger bone might be more fruitful than switching to another
antiresorptive agent. To this end, it should be noted that there
have been no clinical trials which evaluate the skeletal effects of
continuing a bisphosphonate compared with switching to an
anabolic agent on bone density, strength, or fracture risk. Sev-
eral trials have investigated the effects of switching from ALN
to teriparatide or PTH1-84 [9–13]. These studies demonstrated
that women who switched from ALN to teriparatide or PTH
had an increase in spine BMD; however, hip BMD declined
consistently during the first year [14]. Furthermore, many pa-
tients will not accept a therapy requiring daily injections, and
others have concerns about drug safety [15, 16]. Therefore,
other therapeutic options for these patients need to be explored.

MK-5442 is an orally active allosteric inhibitor of the
calcium-sensing receptor (also called a Bcalcilytic^) that has
been shown to stimulate endogenous PTH secretion in short-
term clinical studies. PTH is anabolic to bone when delivered
as a brief pulse but is catabolic when administered continu-
ously [17]. An experimental transdermal method of
teriparatide administration produced a similar peak PTH con-
centration, with an even briefer duration compared to the
marketed subcutaneous teriparatide formulation. Over
6 months, this transdermal formulation produced a greater
hip BMD increase than subcutaneous teriparatide [18]. In con-
trast, the calcilytic compound ronacaleret produced a
prolonged elevation of serum PTH for more than 4 h and
did not increase BMD [19].

The current study was designed to determine if administra-
tion ofMK-5442 to women on prior bisphosphonate treatment
could induce a PTH pulse, stimulate bone turnover marker

(BTM) increments, and improve BMD compared to continu-
ation of ALN.

Methods

Study design

This was a 1-year, randomized, double-blind, placebo- and
active-controlled, dose-ranging trial of the orally administered
calcium-sensing receptor antagonist MK-5442 (Fig. 1a). The
treatment duration for this study was initially planned for
2 years; however, the study protocol was amended following
the availability of data from a parallel study of treatment-naïve
women conducted in Japan, which indicated that the effect of
MK-5442 on BMD accrual in treatment-naïve patients was
marginal [20]. This study was conducted in accordance with
the principles of good clinical practice and approved by the
appropriate institutional review boards and regulatory agen-
cies. Details of the full protocol can be accessed via the at-
tached file (ESM).

Participants

Women enrolled in this study were 45–85 years old and post-
menopausal for ≥5 years. They had taken any oral bisphospho-
nate for treatment of osteoporosis for at least 3 of the 4 years
prior to screening and had to be actively taking ALN for the
12 months preceding the trial, with at least 80 % self-reported
adherence. Participants were required to have BMD T-scores
≤−2.5 at one or more sites (lumbar spine, femoral neck, tro-
chanter, or total hip) or T-scores ≤−1.5 with at least one prior
osteoporosis-related fracture (no major trauma such as a motor
vehicle accident, fractures other than digits and skull). We re-
quired at least one hip and at least three of four lumbar spine
vertebrae (L1–4) to be evaluable by dual-energy X-ray absorp-
tiometry (DXA). Also requiredwere serum 25 hydroxyvitamin
D (25(OH)D) levels ≥15 ng/mL, or ≥9 and <15 ng/mL if al-
kaline phosphatase and intact PTH levels (as measured by the
central laboratory) were normal (9.0–39.0 pg/mL).

Exclusion criteria included BMD T-scores at any of the
four sites below −4.0 and use at any time in the past of the
following medications: IV bisphosphonates, fluoride >1 mg/
day for >2 weeks, strontium, growth hormone, cathepsin K
inhibitor, or denosumab. Users of bisphosphonates other than
ALN within the past 12 months were excluded, as were users
of PTH (1–34 or 1–84) within 24 months, and users of cyclo-
sporine, anabolic steroids, or glucocorticoids for more than
2 weeks in the past 6 months. Users of soy isoflavones, pio-
glitazone, rosiglitazone, estrogen ± progesterone, or a selec-
tive estrogen receptor modulator within 6 months, or heparin,
or potent inhibitors or inducers of CYP3A4 (e.g., rifampin or
phenytoin) within 2 weeks were excluded. Women with
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primary parathyroid disease, prior total thyroidectomy, Paget’s
disease, HIV infection, malignancy within 5 years, or other
major illnesses were also excluded. All participants provided
written informed consent to participate in the study.

Treatment

Women were randomized using an interactive voice response
system (IVRS), based on a computer-generated algorithm pro-
vided by the sponsor, to ALN 70 mg weekly with placebo
matching the MK-5442 formulation daily; MK-5442 5, 7.5,
10, or 15 mg daily with placebo matching ALN weekly; or
matching placebos for both study drugs. All participants re-
ceived oral vitamin D3 (2x2800 IU tablets weekly) and sup-
plemental calcium if daily intake at screening was <1200 mg/
day. Women were told not to ingest potent inhibitors (e.g.,
ketoconazole, clarithromycin) or inducers (e.g., dexametha-
sone, rifampin) of CYP3A4 during the study.

Assessments

Bone mineral density

Areal BMD was measured by DXA using Hologic or GE
Lunar densitometers, at the spine, total hip, femoral neck, total

body, and one third distal forearm. DXA measurements were
performed at the left hip (unless it was not evaluable) at
screening or baseline and months 3, 6, and 12. Quality control
was performed, and BMD readings were evaluated centrally
(Perceptive, Billerica, MA).

Biochemical assessments

Blood and urine samples were collected at screening, baseline,
and months 1, 3, 6, and 12 in the morning after at least 8 h of
fasting overnight except for water and concomitant medica-
tions. Urine was collected as a second morning void speci-
men. At baseline, serum levels of 25(OH)D and Bintact PTH^
(containing at least residues 7–84) were measured. For phar-
macodynamic analysis, serum Bwhole PTH^ (residues 1–84)
levels were assayed. For the latter, serum PTH samples were
collected prior to dosing of study medication and at 1, 4, and
24 h after dosing. Total serum calcium was also measured at
these time points. Assays for serum 25(OH)D and intact PTH
(using Diasorin Liaison chemiluminescence) and serum calci-
um were performed by PPD (Zaventem, Belgium and High-
land Heights, KY).Whole PTH (1–84) levels were assayed by
P a c i f i c B i om a r k e r s ( S e a t t l e , WA ) u s i n g a n
immunoradiometric assay with an inter-assay coefficient of
variation <8 %. Biochemical markers of bone formation,

*The 15 mg group was terminated early due to the frequency of hypercalcemia observed in other  
  studies at the 15 mg dose  [21, 22], indicating that this dose was unlikely to be further developed.

Month
1

Day-1
random-
ization

800 IU (2x2800 IU/week) vitamin D and at least 1,200 mg calcium daily 

Alendronate

12-Month Treatment Period

R

Placebo matching both MK-5442 daily and ALN weekly

MK-5442 5 mg, 7.5 mg, 10 mg, or 15 mg* daily; placebo matching ALN weekly

Physician 
visits:
2 to 6 weeks
pre-random-
ization

Month
3

Month
6

Month
9

Month
12

ALN 70 mg once-weekly; placebo matching MK-5442 daily

Randomized
N=526

Screened
N=1,124

Discontinued
n=88 (100%)

• Adverse event=31
• Lack of efficacy=0
• Lost to follow up=3
• Withdrawal by 
 subject=5
• Terminated by 
 sponsor=46
• Other=3

MK-5442 15 mg
n=88

Completed study
n=0 (0.0%)*

ALN 70 mg 
n=87

Discontinued
n=19 (21.8%)

• Adverse event=3
• Lack of efficacy=1
• Lost to follow up=2
• Withdrawal 
 by subject=9
• Terminated by 
 sponsor=0
• Other=4

Completed study
n=68 (78.2%)

Discontinued
n=31 (35.2%)

Completed study
n=56 (64.4%)

• Adverse Event=17
• Lack of efficacy=3
• Lost to follow up=3
• Withdrawal by 
 subject=5
• Terminated by 
 sponsor=0
• Other=3

MK-5442 10 mg
n=87

• Adverse Event=12
• Lack of efficacy=1
• Lost to follow up=0
• Withdrawal by 
 subject=9
• Terminated by 
 sponsor=0
• Other=1

Discontinued
n=23 (26.1%)

Completed study
n=65 (73.9%)

MK-5442 7.5 mg
n=88

• Adverse Event=4
• Lack of efficacy=0
• Lost to follow up=0
• Withdrawal by 
 subject=6
• Terminated by 
 sponsor=1
• Other=5

Discontinued
n=16 (18.2%)

Completed study
n=72 (81.8%)

MK-5442 5 mg
n=88

• Adverse Event=6
• Lack of efficacy=3
• Lost to follow up=0
• Withdrawal by 
 subject=8
• Terminated by 
 sponsor=0
• Other=3

Discontinued
n=20 (22.7%)

Completed study
n=68 (77.3%)

PBO
n=88

a

b

Fig. 1 a Study design. b
Participant accounting
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serum N-terminal pro-peptide of type I collagen (sPINP) and
serum bone-specific alkaline phosphatase (sBSAP), and of bone
resorption, urinary N-terminal cross-linked telopeptides of type I
collagen/creatinine (uNTx/Cr) and serum C-terminal cross-
linked telopeptides of type I collagen (sCTx), were alsomeasured
centrally at PPD (Zaventem, Belgium, and Highland Heights,
KY)with quality controls stipulating that repeatedmeasurements
of standards have a coefficient of variation ≤10 %.

Safety

Safety was assessed by evaluation of adverse experiences
(AEs), vital signs, excessive bone loss, and laboratory assess-
ments. Laboratory assessments, including serum calcium and
phosphate, were measured at screening, randomization, and
months 1, 3, 6, 9, and 12. At any post-randomization visit,
patients were discontinued for excessive bone loss (loss of
BMD at the spine or total hip of ≥6 % up to 6 months and
≥8 % up to 12 months compared with baseline) or persistent
hypercalcemia, defined as a repeat serum calcium concentra-
tion greater than the upper limit of normal (normal range 8.5–
10.5 mg/dL) within 2 weeks of an initial elevated serum cal-
cium level.

Statistical methods

The primary endpoint of the study was the 12-month percent-
age change from baseline at the lumbar spine BMD in women
switched from ALN to MK-5442, compared to those on

continued ALN treatment. BMD was analyzed on the full
analysis set population defined as all women who received
at least one dose of drug treatment and had a baseline and at
least one on-treatment measurement. A longitudinal data anal-
ysis model [21] assessed treatment effects, adjusting for treat-
ment, time, interaction of time by treatment, baselinemeasure-
ments, and region.

BTM endpoints were assessed as percentage change from
baseline and were analyzed in the per-protocol population,
defined as the population excluding patients with important
deviations from the protocol that may have substantially af-
fected the results of the primary efficacy endpoint. Analyses
used a constrained longitudinal analysis model, adjusting for
treatment, time, and interaction of time by treatment,
baseline measurements, and region. Comparison of geo-
metric means by log scale was back transformed for
presentation. For multiplicity, comparisons of multiple
doses of MK-5442 versus ALN and placebo in BMD
and BTM were adjusted using the two-sided step-down
Dunnett’s test. Safety results are presented descriptively,
including all-patients-as-treated.

Results

A total of 526 postmenopausal women taking ALN 70 mg
weekly, with a median of 5.2 years of oral bisphosphonate
use, were randomized to treatment (Fig. 1a). The treatment
group receiving the highest (15 mg daily) dose of MK-5442

Table 1 Baseline characteristics for all study groups

Placebo for ALN
and for MK-5442

MK-5442 daily + ALN placebo weekly ALN weekly + MK-
5442 placebo daily

(n=88) 5 mg (n=88) 7.5 mg (n=88) 10 mg (n=87) 15 mg (n=88) 70 mg (n=87)

Age, mean years (SD) 67.8 (7.8) 66.5 (8.8) 67.3 (7.1) 68.2 (6.9) 68.1 (7.4) 66.9 (7.5)

Race: Caucasian, n (%) 70 (79.5) 76 (86.4) 76 (86.4) 75 (86.2) 77 (87.5) 79 (90.8)

Serum PTH, intact (pg/mL) (SD) 24.0 (10.3) 25.6 (13.3) 23.5 (10.6) 23.3 (9.8) 24.6 (14.8) 25.6 (10.2)

Serum calcium (mg/dL) (SD) 9.5 (0.4) 9.5 (0.4) 9.5 (0.4) 9.5 (0.4) 9.5 (0.4) 9.5 (0.4)

Serum phosphate (mg/dL) (SD) 3.7 (0.5) 3.7 (0.5) 3.7 (0.5) 3.7 (0.5) 3.7 (0.4) 3.7 (0.4)

Serum 25-hydroxyvitamin D
(ng/mL) (SD)

32.1 (14.9) 30.4 (12.1) 32.3 (14.6) 31.2 (11.6) 31.5 (12.9) 28.4 (11.6)

BMD, mean T-score (SD)

Lumbar spine −2.5 (0.8) −2.5 (0.8) −2.6 (0.8) −2.5 (0.9) −2.5 (0.8) −2.4 (1.0)

Total hip −1.6 (0.7) −1.7 (0.8) −1.5 (0.7) −1.6 (0.8) −1.6 (0.7) −1.7 (0.8)

Femoral neck −2.1 (0.6) −2.1 (0.6) −2.0 (0.6) −2.1 (0.6) −2.1 (0.7) −2.1 (0.6)

Trochanter −1.6 (0.9) −1.8 (0.8) −1.5 (0.8) −1.6 (0.9) −1.6 (0.8) −1.7 (0.8)

BTMs, mean (SD)

sPINP (ng/mL) 25.9 (15.6) 25.9 (17.2) 23.9 (11.7) 28.2 (19.8) 24.1 (14.0) 28.0 (19.1)

BSAP (ng/mL) 10.0 (3.9) 9.8 (3.2) 9.5 (2.6) 9.8 (3.7) 8.8 (3.4) 9.8 (4.0)

sCTx (pg/mL) 0.2 (0.1) 0.2 (0.1) 0.2 (0.1) 0.2 (0.1) 0.2 (0.1) 0.2 (0.1)

uNTx/Cr (nmol/mmol) 29.3 (19.6) 25.5 (11.7) 25.2 (10.9) 28.1 (17.8) 25.2 (12.6) 26.2 (16.1)
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was discontinued from the study by the sponsor after 5–
12 months of treatment, due to the high incidence of hyper-
calcemia (33 %, range 32–44 %) observed with that dose in
this and another parallel study [20, 22]. Of the women in the
remaining treatment groups, 75 % completed the trial
(Fig. 1b). All treatment groups had similar baseline character-
istics (Table 1), with overall mean age 67.5 and mean spine
BMDT-score −2.5. Similarly, there were no group differences

for mean baseline levels of PTH, 25(OH)D, or biochemical
indices of bone turnover.

Mean BMD declined in spine, total hip, and femoral
neck similarly in the MK-5442 and placebo groups,
with no significant group differences, whereas BMD
increased or remained stable at all sites in the continued
ALN group (Fig. 2a). At 12 months, mean BMD levels
for all sites in all MK-5442 groups as well as the

a

b

Fig. 2 a BMD endpoints.
Graphic representation of the LS
mean percentage change from
baseline (95 % CI) over
12 months in BMD at the
specified site after administration
of either MK-5442 (5, 7.5, and
10 mg), alendronate (70 mg), or
placebo at lumbar spine, total hip,
and femoral neck.
b Bone turnover marker end-
points. Graphic representation of
the mean absolute concentrations
of the BTMs at baseline and
12 months after administration of
either MK-5442 (5, 7.5, and
10 mg), alendronate (70 mg), or
placebo for PINP
(ng/mL), BSAP (ng/mL), sCTx
(pg/mL), and uNTx/Cr
(nmol/mmol)
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placebo group were all significantly lower than mean
BMD levels in the continued ALN group.

BTMs increased significantly after switching to MK-5442
or placebo (Fig. 2b and Table 2). All BTMs rose significantly
from baseline levels by 3 months at all MK-5442 doses as well
as with placebo, and they continued to increase from 3
through 12 months. Percent increases for all doses of MK-
5442 differed significantly from those of ALN at all time
points (3, 6, and 12 months) for each of the BTMs
(P<0.001). At 3 months, response to MK-5442 differed sig-
nificantly from placebo only for sPINP withMK-5442 10 mg.
At 6 and 12months, increases withMK-5442 at all doses were
higher than with placebo for sPINP, sBSAP, and sCTx

(P<0.05). The smallest difference betweenMK-5442 and pla-
cebo was seen for uNTx/Cr, where only the highest dose of
MK-5442 (10 mg) at 6 and 12 months resulted in a significant
difference from placebo.

Increases in serum PTH of approximately threefold to
sixfold (70–170 pg/mL) were seen an hour after MK-
5442 administration at months 1, 6, and 12, with a
dose–response effect (Fig. 3). Within 4 h after MK-
5442 administration, PTH concentrations were reduced
from the peak by approximately one third, and by 24 h,
PTH levels returned to the baseline predose value. PTH
increments and profiles were similar after 1, 6, and
12 months of treatment. No changes in PTH levels were

Table 2 Changes in bone turnover markers: least squares (LS) percent from baseline and statistical comparison between MK-5442 and placebo at
months 3, 6, and 12

3 Months 6 Months 12 Months

LS mean % change from
baseline (95 % CI)

P value
vs. PBO

LS mean % change from
baseline (95 % CI)

P value
vs. PBO

LS mean % change from
baseline (95 % CI)

P value vs.
PBO

sPINP

Placebo 37.7 (25.7, 50.7) 55.5 (41.0, 71.5) 68.6 (51.8, 87.3)

Daily MK-5442

5 mg 52.2 (39.3, 66.4) NS 96.2 (78.1, 116.2) <0.001 127.2 (105.2, 151.7) <0.001

7.5 mg 51.7 (38.4, 66.4) NS 93.6 (75.1, 114.0) <0.001 125.7 (102.9, 151.0) <0.001

10 mg 69.3 (54.8, 85.2) 0.002 126.1 (104.8, 149.6) <0.001 164.0 (136.8, 194.2) <0.001

Weekly ALN 70 mg −14.6 (−21.9, −6.6) a −16.8 (−24.5, −8.3) a −5.9 (−15.0, 4.3) a

sBSAP

Placebo 8.1 (3.2, 13.3) 19.4 (12.7, 26.3) 29.5 (20.2, 39.5)

MK-5442

5 mg 14.8 (9.6, 20.2) NS* 30.8 (23.6, 38.3) 0.04 50.0 (39.6, 61.3) 0.009

7.5 mg 16.0 (10.6, 21.7) NS* 30.9 (23.5, 38.8) 0.04 50.0 (39.1, 61.7) 0.009

10 mg 15.7 (10.5, 21.1) NS* 40.4 (32.6, 48.6) <0.001 51.6 (40.4, 63.8) 0.009

Weekly ALN 70 mg −8.5 (−12.6, −4.2) a −6.1 (−11.1, −0.7) a −3.8 (−10.4, 3.2) a

sCTX

Placebo 110.7 (80.5, 146.0) 140.7 (108.0, 178.5) 165.8 (131.2, 205.5)

MK-5442

5 mg 135.2 (102.0, 173.9) NS 190.1 (151.0, 235.3) 0.03 214.1 (173.9, 260.2) 0.034

7.5 mg 141.8 (106.6, 183.0) NS 206.2 (163.9, 255.3) 0.016 227.1 (184.1, 276.5) 0.019

10 mg 127.6 (95.1, 165.5) NS 203.4 (161.7, 251.7) 0.016 251.1 (204.3, 305.0) 0.002

Weekly ALN 70 mg 4.8 (−10.1, 22.2) a 4.7 (−9.4, 21.0) a 26.8 (10.6, 45.4) a

uNTx/Cr

Placebo 44.2 (32.7, 56.81) 52.0 (38.1, 67.2) 63.6 (47.7, 81.3)

MK-5442

5 mg 38.4 (27.4, 50.4) NS 61.5 (46.9, 77.6) NS 86.5 (68.9, 106.0) NS

7.5 mg 52.7 (40.3, 66.1) NS 66.2 (50.7, 83.2) NS 82.3 (64.5, 102.1) NS

10 mg 55.2 (43.1, 68.4) NS 77.9 (61.5, 95.9) 0.048 107.4 (86.7, 130.5) 0.003

Weekly ALN 70 mg −5.3 (−12.9, 3.0) a −12.2 (−20.2, −3.4) a 0.2 (−9.5, 10.8) a

Percent changes from baseline with alendronate (ALN)were significantly different from each dose ofMK-5442 for each BTM (P<0.001). NS = P>0.05

*P=0.088
aA comparison of women continued on ALN compared with those switched to placebo will appear in a separate publication
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seen in patients who remained on ALN or in those who
switched to placebo.

There were no differences between treatment groups in
overall AEs, serious AEs, or discontinuations due to serious
AEs (Table 3). One patient in the MK-5442 15-mg group died
on study day 67 due to hypertensive heart disease, unlikely to
be related toMK-5442 treatment. Hypercalcemia was the only
AE that showed treatment-related increases with MK-5442.
The overall incidence of hypercalcemia was 3.4 % in the pla-
cebo group and 8.3 % in the ALN group and those with
MK5442: 18.4 % in the 5-mg group, 21.6 % in the 10-mg
group, 31.0 % in the 10-mg group, and 44.3 % in the 15-mg
group. Discontinuations due to persistent hypercalcemia (se-
rum calcium ≥10.6mg/dL in twomeasurements over 2 weeks)
occurred almost exclusively among MK-5442-treated women
and occurred more frequently among women receiving higher
doses (Table 4). Most cases of hypercalcemia were apparent
by month 3. All cases of hypercalcemia were asymptomatic.

Discussion

Women who were treated with bisphosphonates for at least
3 years and then switched to the calcilytic compound MK-
5442 showed dose-dependent, pulsatile increases in serum
PTH. Concordant with the PTH increases, BTMs increased
with MK-5442 relative to both baseline and to placebo. In

contrast, with all MK-5442 groups, BMD declined signifi-
cantly in all skeletal sites compared to women who remained
on ALN. The disappointing BMD findings in this trial are
consistent with a short-term trial of MK5442 in a treatment-
naïve osteoporotic population, where BMD did not increase
significantly over 6 months in any of the dose groups [23].
The negative BMD results are also similar to the BMD decline
observed with another calcilytic medication, ronacaleret [19].

Mean increments of 95 % for PINP and 85 % for sCTx
above the increases that occurred with placebo treatment were
seen in the 10-mg MK-5442 dose group at 12 months. Al-
though we do not know how relative changes in biochemical
markers of formation versus resorption relate to effects at the
bone level, the proportionate increase in PINP relative to sCTx
with MK5442 is smaller than that seen with exogenous PTH
administration [10, 19, 24–26]. Furthermore, the adverse out-
come of MK-5442 on BMD is distinct from the effect of daily
exogenous administration of teriparatide. The absence of an
anabolic effect of MK-5442 is likely due to differences in
pharmacokinetics when stimulating endogenous PTH secre-
tion (with MK-5442) compared with administering exoge-
nous PTH. Although the maximal concentrations of PTH
(1–84) or PTH (1–34) after treatment with MK-5442 or sub-
cutaneous teriparatide, respectively, are similar (fourfold to
fivefold above the upper limit of normal for serum PTH
[15]), the duration of the PTH elevation is much longer for
the endogenous PTH pulse in response to MK-5442. With

*

*Only 1 participant received MK-5442 15 mg for 12 months prior to discontinuation of 15 mg group.
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teriparatide, PTH (1–34) levels are back to baseline within 3 to
4 h [27], whereas with MK5442, PTH levels were still elevat-
ed about twofold to threefold from baseline. Data from pre-
clinical studies in animal models and organ cultures suggest
that a longer duration of PTH elevation is more likely to be
associated with bone resorption that exceeds bone formation
[28–30]. Consistently, in the more extreme example of prima-
ry hyperparathyroidism, where serum PTH levels are elevated
continuously, there is an overall catabolic effect on the skele-
ton, most prominent in cortical bone [31]. Furthermore,
switching from ALN to MK-5442 5 mg or greater produced
substantially more hypercalcemia, another indication of a
prolonged PTH elevation, compared with exogenously ad-
ministered teriparatide [27]. Ultimately, the optimal PTH
pulse profile (duration and maximal concentration) for
greatest potential to improve BMD is unknown.

There may also be differences in the effect of PTH (1–84)
pulses produced endogenously compared with exogenous
pulses of teriparatide, beyond just the duration of the PTH
elevation. For example, a small open-label study comparing
the effects of PTH (1–84) and PTH (1–34) onmicroarchitecture
of the radius and tibia suggests that the 1–34 peptide increases
cortical thickness whereas the 1–84 fragment does not [32].
Whether the difference was due to dose and duration of PTH
exposure or qualitative differences between the effects of PTH
(1–84) and (1–34) is uncertain. In addition, the lack of BMD

improvement with MK-5442 may have been influenced by
actions of the calcium-sensing antagonist outside of the para-
thyroid gland. The calcium-sensing receptor is expressed in the
kidneys [33, 34] and by osteoblasts and osteocytes [35, 36], and
antagonism of the receptor at these sites could affect bone turn-
over rates and/or remodeling balance.

Another consideration is whether adding MK-5442 to on-
going ALN might have produced a superior response, com-
pared with switching to MK-5442. In a randomized trial,
when ALN was switched to teriparatide, BMD effects were
not as positive as when teriparatide was added to ongoing
ALN. After the switch from ALN to teriparatide, hip BMD
declined during the first year [10], and there was no increase in
bone strength at the hip (estimated by finite element analysis)
throughout an 18-month treatment period [11]. In contrast,
areal and volumetric BMD as well as bone strength at the
hip did increase in women who added teriparatide to ongoing
ALN. However, in this trial, spine BMD did increase whether
women switched to or added teriparatide. This was not true
when switching from ALN to MK5442, where BMD did not
increase in either the hip or spine. Nor did MK-5442 increase
BMD at either spine or hip in a treatment-naïve population in
another study [23].

There is clearly a need to develop anabolic agents for pa-
tients with osteoporosis who require a greater increase in bone
mass than that produced by an initial course of antiresorptive

Table 4 Safety and tolerability: discontinuations due to hypercalcemia (serum calcium ≥10.6 mg/dL) by treatment, dose, and time

Treatment: n Month 1 n (%) Month 3 n (%) Month 6 n (%) Month 9 n (%) Month 12 n (%)

Placebo 88 1 (1.1) 0 0 0 0

MK-5442

5 mg 88 2 (2.3) 0 0 0 0

7.5 mg 88 5 (5.7) 3 (3.4) 0 0 0

10 mg 87 2 (2.3) 8 (9.2) 3 (3.4) 0 0

15 mg 88 15 (17.0) 11 (12.5) 2 (2.3) 0 0

ALN

70 mg 87 0 0 0 0 0

Table 3 Safety and tolerability: overall adverse experiences

Treatment: Placebo daily and weekly MK-5442 daily placebo weekly ALN weekly placebo weekly

(n=88) 5 mg (n=87) 7.5 mg (n=88) 10 mg (n=87) 15 mg (n=88) 70 mg (n=84)
n (%) n (%) n (%) n (%) n (%) n (%)

≥1 AE 65 (73.9) 61 (70.1) 67 (76.1) 67 (77.0) 61 (69.3) 55 (65.5)

≥1 serious AE 6 (6.8) 5 (5.7) 4 (4.5) 6 (6.9) 4 (4.5) 1 (1.2)

Discontinued due to AE 7 (8.0) 4 (4.6) 12 (13.6) 17 (19.5) 31 (35.2) 4 (4.8)

Discontinued due to
serious AE

1 (1.1) 0 (0) 1 (1.1) 1 (1.1) 1 (1.1) 0 (0)

Died 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.1) 0 (0)
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therapy. This might turn out to be a bigger challenge than
anticipated. The only generally available anabolic therapy,
teriparatide, may not provide an optimal anabolic effect when
given immediately after stopping bisphosphonate therapy, es-
pecially during the first year of administration. The calcilytic
compound MK-5442 does not improve BMD at any skeletal
site in bisphosphonate-treated patients and is clearly not a
viable option for the treatment of these patients.
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