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ABSTRACT
The effects of anabolic medications (teriparatide [TPTD] and parathyroid hormone [PTH]) differ in patients who have received recent

treatment with potent antiresorptives. This perspective reviews studies evaluating bone density (BMD) and histomorphometric

effects of treatment sequences beginning with TPTD/PTH followed by potent antiresorptives and those beginning with potent

antiresorptives followed by switching to or adding TPTD. Effect of treatment sequence on spine BMD outcome isminor, withmodest

quantitative differences. However, when individuals established on potent bisphosphonates are switched to TPTD, hip BMDdeclines

below baseline for at least the first 12 months after the switch to TPTD. This transient hip BMD loss is more prominent when the

antiresorptive is denosumab; in this setting, hip BMD remains below baseline for almost a full 24months. In a controlled comparison

of those who switched from alendronate to TPTD versus those who added TPTD to ongoing alendronate, the effect on hip BMDwas

improved with combination therapy. Furthermore, hip strength improved with the addition of TPTD to ongoing alendronate,

whereas it was neutral after switching from alendronate to TPTD, primarily due to the effect on cortical bone. Bone biopsy studies

indicate that TPTD stimulates bone formation in patients who have not been treated previously as well as in patients on prior and

ongoing bisphosphonates. Histomorphometric evidence suggests that use of alendronate with TPTD blocks the TPTD-induced

increase in cortical porosity. When possible, we suggest anabolic therapy first, followed by potent antiresorptive therapy. The

common practice of switching to TPTD only after patients have an inadequate response to antiresorptives (intercurrent fracture or

inadequate BMD effect) is not the optimal utilization of anabolic treatment. In fact, this may result in transient loss of hip BMD and

strength. In this setting, continuing a potent antiresorptive while starting TPTD might improve hip outcomes. © 2017 American

Society for Bone and Mineral Research.
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Introduction

The majority of osteoporosis medications are antiresorptive

agents, which reduce the rate of bone remodeling. Within

this group are the bisphosphonates, which inhibit protein

prenylation in the mature osteoclast, reducing osteoclast

capacity to resorb bone,(1) and denosumab, a monoclonal

antibody to RANK ligand that inhibits osteoclast formation,

function, and survival.(2) Although several new anabolic agents

are in development,(3–5) teriparatide is currently the only

available anabolic therapy for osteoporosis in the United States,

with the addition of only PTH(1-84) in the EU (referred to as PTH).

Teriparatide (TPTD) and PTH act by direct stimulation of

osteoblast activity and recruitment (both remodeling and

modeling-based formation) as well as stimulation of remodel-

ing, favoring bone formation (remodeling-based formation).

Both effects increase bone formation rate in cancellous,

endocortical, and periosteal envelopes and augment the

thickness of bone packets.(6–10) Both anabolic and potent

antiresorptive agents (bisphosphonates, denosumab) improve

bone mineral density (BMD) and reduce risk of fracture in

patients who have not been on prior osteoporosis treat-

ments.(11–17) Effects of most osteoporosis medications differ,

however, in patients who have already been pretreated with

other potent osteoporosis medications.(18–23) This is certainly

true of TPTD and PTH.(24–30)

BMD responses to initial TPTD/PTH followed by potent

antiresorptive therapy are substantial in both spine and hip sites

as a result of the effects of both components of the treatment

sequence.(28,31–34) In contrast, several studies have indicated

that hip BMD responses to TPTD are lower in patients who have

already been pretreated with potent antiresorptive therapies

and consistently decline transiently for the first year or even

longer.(24–28,30) Although there are no fracture endpoint trials in

these antiresorptive pretreated patients, the substantial differ-

ences in BMD outcome, particularly for the hip region, suggest
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that TPTD effects against fracture could also differ in these

pretreated patients. More than 50% of TPTD prescriptions are

written for this group of patients,(35) so these observations have

important clinical significance.

This perspective reviews studies evaluating BMD and histo-

morphometric effects of treatment sequences beginning with

TPTD or PTH followed by potent antiresorptive agents and those

beginning with potent antiresorptive agents followed by switch-

ing to or adding TPTD.We concentrate on the hip region because

the effects of treatment sequence at that site are more dramatic

than those found for the spine. In the spine, effects of TPTD after

bisphosphonates and denosumab remain positive, although

slightly blunted.(24–28,30–34) Furthermore, even after transition

from denosumab to TPTD, the resultant spine BMD level was the

same 2 years after the transition as it was when the sequence

began with TPTD followed by denosumab.(28) The findings

are very different for the hip region, as we describe below. Our

perspective will focus on the effects of treatment sequence when

the more potent antiresorptive agents (bisphosphonates and

denosumab) are used. Changes in both hip and spine

BMD are much less affected by treatment sequence when

the prior antiresorptive agent is hormone therapy or raloxi-

fene.(25–27,36–38) Furthermore, these agents are not in general

appropriate for treatment of more severe osteoporosis.

Effects of Sequential Treatment on Hip BMD

In treatment-naive women, PTH for 1 year increases total hip

(TH) and femoral neck (FN) BMDby 0% to 1%, and after transition

to alendronate for an additional year, BMD increases by an

additional 3% to 4%.(31,33) TPTD in treatment-naive postmeno-

pausal women over 19 to 24 months increases hip BMD more

than PTH, resulting in an average gain of about 3% in the TH and

FN.(15,28,29,39) After TPTD, transition to a bisphosphonate leads to

further increases of about 2% in both the TH and FN after

1 year.(32) After transition from TPTD to sequential denosumab,

BMD increments in the TH and FN are even higher (about 6% in

both sites after 1 year of denosumab).(28)

In contrast, Table 1 lists the hip BMD results when individuals

established on potent antiresorptive therapies are switched to

TPTD. Data are presented for change at 6, 12, 18, and 24 months

whereavailable. Theaverageeffectsovereachavailable timepoint

indicate that BMD changes in the hip are below baseline for the

first 12months after a switch to TPTD, unchanged frombaseline at

18 months and slightly above baseline at 24 months.(24,26–28,30)

The findings differ somewhat after switching from bisphospho-

nates compared with switching from denosumab to TPTD; at

18months, hip BMD is slightly abovebaseline after switching from

bisphosphonates but still below baseline after switching from

denosumab. Furthermore, after 24 months of TPTD, hip BMD is

increased by 2% to 3% after a switch from bisphosphonates but

still below baseline after a switch from denosumab. The differ-

ences in BMD response to switching from alendronate versus

denosumab to TPTD are consistent with differences in the bone

turnover marker responses to switching from these different

antiresorptive agents. Marker levels (of both bone resorption

and formation) increase substantially over 6 to 12 months after

switching from either alendronate or denosumab to TPTD;

however, the marker level increases are far more dramatic after

switching from denosumab to TPTD. At 6 months, C-terminal

telopeptide (CTX) levels increase from the on-alendronate

baseline by approximately two- to threefold,(26) whereas the

CTX levels increase from the on-denosumab baseline by more

than ninefold.(28) Furthermore, themedianCTX level attained after

switching from denosumab is more than double the median level

acheived after switching from alendronate.

The impact on BMD of a 48-month treatment sequence was

studied formally by Leder and colleagues.(28) This study allows

direct comparison of a 4-year sequence of TPTD for 2 years,

followed by denosumab for 2 years, comparedwith the opposite

sequence, denosumab for 2 years followed by TPTD for 2 years.

Over 4 years, in the group that transitioned from TPTD to

denosumab, mean TH and FN BMD increased 6.6% and 8.3%,

respectively. In contrast, in those who switched from denosu-

mab to TPTD, BMD at the TH and FN declined precipitously

for the entire first year and levels were still below the end-

of-denosumab treatment baseline for the TH and just above

that baseline for the FN. The entire 48-month sequence when

denosumab is administered first, followed by TPTD, resulted in

mean TH and FN increments of 2.8% and 4.9% (approximately

50% lower hip BMD gains compared with the sequence of TPTD

followed by denosumab, all significantly different versus the

former sequence). Furthermore, after transition from 24 months

of denosumab to 24 months of TPTD, progressive bone loss at

the radius was also found, in contrast to a slight increase in

radius BMD when TPTD was given followed by denosumab.(28)

Comparison of Switching From Antiresorptive to
TPTD Versus Adding Antiresorptive to TPTD

A formal randomized trial compared the effect of continuing

versus stopping the antiresorptive agent when TPTD was

initiated in 102 women on prior alendronate and 96 on prior

raloxifene.(26) Women within each antiresorptive cohort were

Table 1. Hip BMD Effect of Switching From Potent Antiresorptive Therapy to TPTD

% Change in total hip BMD during

TPTD/PTH treatment

Study Sample size Treatment paradigm 6 mo 12 mo 18 mo 24 mo

Ettinger et al.(27) 33 Alendronate (mean 29.3 mo) ! TPTD (18 mo) –1.8% –1.0% þ0.3% –

Boonen et al.(24) 107 Alendronate (median 29.2 mo) ! TPTD (24 mo) –1.2% –0.6% þ0.6% þ2.1%

Boonen et al.(24) 59 Risedronate (median 23.4 mo) ! TPTD (24 mo) –1.6% –0.4% þ0.9% þ2.9%

Miller et al.(30) 158 Risedronate (mean 37.2 mo) ! TPTD (12 mo) –1.2% –0.3% – –

Miller et al.(30) 166 Alendronate (mean 38.0 mo) ! TPTD (12 mo) –1.9% –1.7% – –

Cosman et al.(26) 50 Alendronate (mean 45.7 mo) ! TPTD (18 mo) –0.8% – þ0.9% –

Leder et al.(28) 27 Denosumab (24 mo) ! TPTD (24 mo) –1.7% –2.7% –1.7% –0.7%

mo¼months.

In some cases, numbers are estimated by extrapolation from graph in article.
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randomized to switch to or to add TPTD. Differences between

combination and switch protocols were minor with raloxifene

pretreatment. However, in the group that switched from

alendronate to TPTD, there was an increase in the biochemical

resorption marker, serum CTX, within 1 month (similar to that

found in a prior study where women transitioned from

alendronate or risedronate to TPTD).(30) In general, serum CTX

levels do not increase within 1 month of TPTD initiation in

previously untreated individuals, so this appears to represent a

more pronounced early stimulation of bone remodeling. TH

BMD declined in the first 6 months after TPTD administration

(as found in switch studies described above and in Table

1).(24,26–28,30) BMD increases at both 6 and 18 months at both

spine and TH were greater in those patients who added TPTD to

ongoing alendronate compared with those who switched to

TPTD. At no time point did TH BMD decline with combination

treatment, and after 18 months, in the TPTD plus alendronate

group, TH BMD increased 3.2% comparedwith 0.9% in the group

that switched from alendronate to TPTD (p< 0.05 group

difference). Moreover, quantitative computed tomography

(QCT) measurements of the hip further support the findings

from areal BMD outcomes. Volumetric TH BMD of the integral

bone (including cancellous and peripheral cortical bone)

increased significantly in the group that added TPTD to ongoing

alendronate but did not change in the group that switched to

TPTD (group difference p¼ 0.002).(24) Utilizing finite element

models to estimate bone strength from QCT scans in this study,

hip strength did not increase after 18months of TPTD in patients

who switched from alendronate to TPTD, whereas hip strength

did increase in patients who added TPTD to ongoing

alendronate.(25) Separation of QCT measurements into trabecu-

lar and cortical (peripheral) compartments indicated that

cortical volumetric BMD declined (perhaps as a result of

increasing cortical porosity), in those who switched from

alendronate to TPTD, but increased in those who added TPTD

to ongoing alendronate. In those who switched from alendr-

onate to TPTD, the effect on hip strength of the cortical

compartment was neutral; however, hip strength of the cortical

compartment increased in those who added TPTD.

Effects of Sequential Treatment at the Tissue
Level

Cancellous envelope

Few studies have assessed the effects of sequential treatment on

iliac crest histomorphometry. Stepan and colleagues(40) analyzed

paired biopsies taken at baseline and after 24 months of TPTD

treatment from alendronate-pretreated and treatment-naive

subjects. Remodeling activation frequency in cancellous bone

increased by comparable amounts in both groups when

compared with baseline. Recently, Fahrleitner-Pammer and

colleagues(41) have reported improvement in cancellous bone

volume in these same two groups of patients, although a

nominally superior response was found in the treatment-naive

group. These studies suggest that TPTD is effective at stimulating

cancellous bone formation and improving mass and structure in

treatment-naive and alendronate-pretreated individuals.

Cortical bone envelope

Using the biopsy samples from the same study, Ma and

colleagues(42) focused on the histomorphometry of cortical

bone. At baseline, dynamic parameters of bone formation on the

periosteal, endocortical, and intracortical surfaces were gener-

ally lower in the alendronate-pretreated than in the treatment-

naive group (as expected). After TPTD, these parameters

increased in both groups, but at the end of the treatment

period, most bone formation indices were higher in the

treatment-naive group than in the alendronate-pretreated

group. TPTD treatment increased endocortical wall width in

both treatment groups and significantly increased cortical

thickness. However, it also increased cortical porosity in the

alendronate-pretreated group switched to TPTD. In a recent

study,(10) our group compared the short-term bone-formation

response to TPTD in treatment-naive subjects and in subjects on

prior and ongoing alendronate. Biopsies taken at 7 weeks and at

7 months revealed that both treatment-naive and alendronate-

treated groups responded to TPTD with an increase in bone

formation, although the response was quantitatively lower in

the alendronate-treated group. However, at 7 months of TPTD

treatment, cortical porosity was higher in the treatment-naive

than in the alendronate-treated group (in whom TPTD was

added to ongoing alendronate).

Taken together, the histomorphometric data suggest that

TPTD can stimulate bone formation and increase cancellous

bone volume in alendronate-pretreated subjects, even in

subjects in whom TPTD is added to ongoing alendronate

treatment. Adding TPTD to ongoing alendronate treatment may

prevent the increase in cortical porosity observed in individuals

switched from alendronate to TPTD. As far as we know, there

have been no histomorphometric studies where the effect of

switching from alendronate (or any other potent antiresorptive

agent) to TPTD has been compared with the effect of adding

TPTD to ongoing alendronate. There are also no clinical bone

biopsy data on the effects of following a course of TPTD/PTH

with a potent antiresorptive agent.

It is important to note that the effects of a transient increase in

cortical porosity by switching to TPTD could, in the long run, be

offset by increased endocortical and intracortical bone forma-

tion.(43) Furthermore, the implications of new bone and

osteocyte regeneration by TPTD/PTH, albeit with temporary

loss of cortical mass and increased cortical porosity, might

ultimately enhance skeletal strength. However, it is also possible

that the acute effects on cortical porosity could be detrimental,

particularly for patients at imminent risk of a cortical fracture (for

example, recent hip fracture patients). It is also possible that

continued antiresorptive administration will limit the TPTD/PTH-

induced increase in volume of bone resorbed within each

remodeling unit and facilitate a positive balance of formation to

resorption with combination therapy.(44)

The most likely mechanisms for the major difference in hip

BMD response when a potent antiresorptive agent is followed by

TPTD/PTH (compared with the opposite sequence) is excessive

bone remodeling with loss of denosumab- and bisphosphonate-

induced inhibition of osteoclastic activity, combined with

stimulation of remodeling by TPTD/PTH. In the setting of prior

bisphosphonate treatment, this may be most apparent in the

cortical skeleton where there is little buried bisphosphonate. In

the setting of prior denosumab treatment, it may simply be that

bone resorption occurs so rapidly in the cortical compartment

that bone formation cannot keep up, leading to a precipitous

decline in hip BMD. Although bone resorption also increases

rapidly in cancellous bone after transition from denosumab to

TPTD, the TPTD-induced increase in bone formation is also more

rapid in the spine, leading to only a very minor transient loss that

is quickly reversed.(28) The resultant BMD achieved after 2 years
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with transition from denosumab spine to TPTD is indistinguish-

able from the spine BMD level achieved when TPTD is given first,

followed by denosumab. The situation is slightly different in

individuals after transition fromalendronate to TPTDwhere spine

BMD does not increase as dramatically as in women who

transition from TPTD to alendronate.(24–33) However, this effect is

minor compared with the effect of treatment sequence on BMD

changes at the hip.

Alternative explanations for the decline in BMD when

switching from a potent antiresorptive agent to TPTD include

replacement of older highly mineralized bone with bone of low

mineralization density, which will ultimately mineralize and

restore BMD, as suggested by Eriksen and Brown.(45) However,

even if the BMD decline is only temporary, it may offset other

positive effects of anabolic therapy on bone strength during that

time period. Whitmarsh and colleagues showed increased

cortical thickness in patients who switched from alendronate to

TPTD but reduced cortical BMD and cortical mass surface

density compared with patients who added TPTD to ongoing

alendronate.(46) Which of these parameters is most reflective of

bone strength is unknown; however, finite element modeling of

the femur in patients who switched to TPTD versus those in

whom TPTDwas added suggested that strength increased in the

add, but not switch, setting. Theoretical advantages of the

sequence of bisphosphonates or denosumab followed by TPTD

must be weighed against the consistent (temporary) decline in

hip BMD, increase in cortical porosity, and lack of increase in

hip strength compared with the effects of adding TPTD to

continuing antiresorptive treatment. With this latter approach, it

is likely that a greater proportion of the TPTD-induced bone

formation is modeling based, rather than remodeling based.

There are no direct data to indicate whether there is an

advantage of one versus the other mechanism for stimulation of

bone formation. With the de novo combination of TPTD and

denosumab, most of the TPTD-induced bone formation is likely

to be modeling based because denosumab is such a potent

resorption inhibitor, even when combined with TPTD.(47,48)With

the de novo combination treatment, both spine and hip BMD

increments were larger than observed with either agent

alone, and high-resolution peripheral QCT indicated that the

TPTD-induced increment in cortical porosity was reduced in the

radius and tibia with combination therapy.(49)

Conclusion

In cases where patients are treatment naive, we suggest

initiation of anabolic therapy first, followed by potent

antiresorptive therapy whenever possible. In the setting of

first-line therapy with TPTD, anti-fracture efficacy throughout

the skeleton is conclusive, including sites with predominantly

cortical bone, and evidence suggests that TPTD stimulates

bone formation rapidly in the femoral neck.(50) However, our

observations clearly highlight that the common practice of

providing patients with first-line antiresorptive therapy and then

only after patients have an inadequate BMD response and/or

an intercurrent fracture to switch to TPTD is not the optimal

utilization of anabolic treatment. An extremely important

clinical issue is the patient who is currently being treated with

a bisphosphonate or denosumab who sustains a hip fracture.

The transition to TPTD might in fact lead to a transient loss of

strength in cortical sites, including the other hip. This is critically

important in patients with a recent fracture where we know the

risk of a second imminent fracture is extremely high (�10% in

the following year).(51,52) In cases such as these, we suggest

consideration of combination treatment with utilization of

potent antiresorptive therapy and addition of TPTD, for up to

2 years, to improve skeletal strength during this critical period.
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