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Parathyroid hormone (PTH) therapy (teriparatide, Forteo/Forsteo 
or PTH 1–84, Preos), the only approved anabolic therapy for 
bone, produces larger increments in bone mass (particularly in 
the spine) than those seen with anti-resorptive therapies. PTH 
treatment first stimulates bone formation through modeling (on 
previously quiescent surfaces and surfaces adjacent to remod-
eling cavities), and subsequently remodeling, where the balance 
remains positive for formation over resorption.1–3 The growth of 
new bone with PTH permits larger packets of bone with over-
filling of remodeling cavities evidenced by greater wall width.4 
This results in restoration of bone microarchitecture, including 
improved trabecular connectivity and enhanced cortical thick-
ness,4,5 in addition to substantial increases in bone mass.6,7 
Bone formation may also be induced on the outer periosteal 
surface,8–12 possibly affecting bone size and geometry, with 
additional beneficial effects on bone strength,8–10,13–16 though 
this has not been conclusively proven. Teriparatide reduces 
the risk of fractures throughout the skeleton, without regard 
to baseline bone mineral density (BMD) or patient age.6,7 In 
two positive comparator clinical trials, teriparatide reduced 
new vertebral fracture incidence compared with alendronate 
in glucocorticoid-induced osteoporosis,17 and compared with 
risedronate in women with back pain due to acute vertebral 
fractures.18

Good candidates for PTH are women and men who are at high 
risk of future osteoporosis-related fractures, including those 
with vertebral compression fractures (clinical or radiographic), 
other osteoporosis-related fractures with BMD in the osteoporo-
sis range, or very low BMD even in the absence of fractures  
(T-Score below –3). PTH treatment should also be recom-
mended for individuals who have been on prior anti-resorptive 
agents, and who have had a suboptimal response to treatment, 
defined as incident fractures or active bone loss during therapy, 
or who have persistent osteoporosis (BMD T-Score below -3) 
despite therapy.

There is no doubt that the daily subcutaneous injection is a sig-
nificant and common barrier to the use of PTH treatment in the 
managements of patients with osteoporosis. Many patients can 
overcome their initial aversion to daily injections, and once they 
begin taking teriparatide they often realize that there is little dis-
comfort and tolerate the process extremely well. However, some 

patients do not persist with therapy and others never agree to 
try. Therefore, alternative delivery systems are sorely needed. A 
transdermal preparation produced positive short-term findings,19 
and oral and intranasal preparations are being explored.

Farra et al.20 published results of a small pilot study, first 
in human use, involving a totally novel delivery system for 
teriparatide. The system is a programmable microchip drug-
delivery device less than 5.5 cm long and 3.5 cm wide. Once 
implanted subcutaneously in the abdomen, the drug delivery 
can be remotely and wirelessly controlled. The medication is 
stored in microwells (10 reservoirs in each of 2 microchips in the 
prototype device used in the study, but up to a total of 1 year’s 
doses could be available in the next version). Each hermeti-
cally sealed microreservoir contained a daily dose of lyophilized 
teriparatide (40 mcg), covered by a platinum and titanium mem-
brane. The membranes were connected by current traces to the 
internal electronics, and the microchip was programmed to send 
an electric current to ablate the membrane overlying the appro-
priate microwell containing the daily teriparatide dose. Once 
the membrane was ruptured, the drug dose was released and 
rapidly dissolved into subcutaneous fluid. The next day, medica-
tion in the next microwell was released. The device was able to 
receive and send information about drug delivery and could be 
adjusted as needed by remote radio communication.21

Eight postmenopausal women with osteoporosis, between 
65 and 70 years of age, had the prototype device implanted 
in abdominal subcutaneous tissue near the umbilicus, in a 
surgeon’s office under local anesthesia, a procedure that took 
about 30 min. The device was left in for 8 weeks before activat-
ing drug delivery, to allow full development of the expected 
fibrous tissue capsule. During the third month, 20 daily doses 
of teriparatide were delivered via indwelling microchip device. 
Subsequently, teriparatide was delivered by standard daily 
injection at 20 mcg doses and after explant of the device in 
40 mcg doses. The primary outcomes were pharmacokinetic 
and pharmacodynamic, with serial blood sampling performed 
on 4 separate days after microchip teriparatide delivery, on 
2 days after 20 mcg subcutaneous injections, and on 2 days 
after 40 mcg subcutaneous injections (2 standard 20 mcg doses 
delivered sequentially, second dose delivered within presumably 
seconds via the same pen/needle).
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In one volunteer, the delivery system failed completely due 
to a ‘faulty component in the membrane activation circuitry 
required to release the drug’. All results were excluded from 
this volunteer. Pharmacokinetics (PK) and pharmacodynamics 
results for the other seven women were presented. Safety 
profiles in this small study were similar to those seen with 
daily injectable teriparatide. Critical to the clinical efficacy of 
teriparatide is a tight PK profile required to produce an ana-
bolic, rather than a catabolic effect. To this end, the micro-
chip implantable delivery device appeared very successful. In 
fact, the pharmacokinetic profile of PTH delivered by indwell-
ing microchip was even more consistent, with lower variabil-
ity than subcutaneous injectable delivery. PK variables from 
implantable teriparatide were very similar compared with his-
torical results obtained from 20 and 40 mcg teriparatide injec-
tions.22 PK variables from implantable teriparatide were also 
compared with two 20 mcg teriparatide injections from this trial 
(no single 40 mcg injectable dose was available). From these  
latter analyses, the average maximal concentration of PTH 
(1–34) was almost identical to that seen with two 20-mcg teri-
paratide injections. However, the average time to maximum 
concentration was about double the time for teriparatide injec-
tions, and the terminal half-life for teriparatide delivered by the 
implantable device was about 30% longer. Whether this could 
translate into any difference in bioactivity is unknown. Serum 
calcium levels rose similarly within 6 h of either implantable or 
injectable teriparatide delivery. The expected biochemical incre-
ment in procollagen type-1 amino-terminal propeptide was also 
seen with implantable device delivery (peak increase 143%), 
with no change in c-telopeptide during this short-term trial 
(also as expected). However, because this pilot trial included 
implantable teriparatide and injectable teriparatide in the 
same patients, biochemical markers were measured sequen-
tially over time. As biochemical responses to teriparatide fol-
low distinct chronological sequences, there was no ability to 
compare the magnitude of the pharmacodynamic biochemi-
cal marker response to implantable versus injectable delivery.  
A comparison of biochemical marker responses to 20 mcg 
doses by implantable delivery versus 20 mcg by subcutaneous 
injection (the approved teriparatide dose) will be required in the 
future clinical development program.

Ultimately, what proportion of patients would find the implant-
able procedure preferable to daily injections is unknown (the 
device would require at least three to five procedures with 
implantation and explantation to be implanted two to four 
times over a 2-year treatment course, and explanted three to 
five times). Apparently, the women in the pilot study reported 
no adverse effects on quality of life and would be willing to 
have another implantable device.20 However, some people will 
be concerned about the long-term effects of a foreign body 
implantation. Many patients experience minor adverse reactions 
to teriparatide, especially the first few weeks. Sometimes, crea-
tive dosing schedules, such as skipping days between medi-
cation doses, can help alleviate the early and transitory side 
effects associated with teriparatide and can help keep people 
on therapy until the side effects resolve. Although this small 
pilot study did not test this approach, the remote control of 
dose administration could be used to alter the dosing schedule 
similarly to day-to-day dosing changes that can be made with 
standard subcutaneous injections.

There is no doubt that the microchip delivery system is a 
major biotechnological advance in drug delivery. The data in 
this trial provide the proof of concept and suggest that further 
longer-term studies should be undertaken for patients who need 
daily injectable therapies for up to a year or more. Although the 
cost might be similar to the cost of standard daily teriparatide, 
the indwelling delivery might improve compliance and persist-
ence in some groups of patients. Additional studies to monitor 
for rejection, infection and waning pharmacokinetic efficacy 
over longer time periods are required. Moreover, a failure rate for 
the device of over 10% of individuals is too high and needs to 
be improved for ultimate clinical utility. Of 140 doses expected 
in the other 7 women in this pilot study, 132 were delivered, 
although 16 of the 132 had only partial delivery of the medica-
tion. Full medication dose was therefore administered in 116 of 
the expected 140 (or of the expected 160, including the woman 
with device failure). Improvements in manufacturing to increase 
the proportion of full doses of drug delivered, and of course 
expansion in the number of possible doses deliverable (6–12 
months of therapy within each implantable device) would be 
expected in the next phase of development.

Any delivery system that can help patients take advantage 
of an extremely valuable and unique therapy in the treatment 
of osteoporosis in patients at high risk of fracture represents a 
significant advance in the field.
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