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Osteoporosis is a global public health concern with
serious personal consequences and high societal costs
due to fractures (1). Medications are available that have
been proven to reduce fracture risk with a wide margin
of safety, providing opportunities to diminish the burden
of osteoporotic fractures. Many of these medications are
available in low cost generic formulations. All approved
agents work by modulating bone remodeling, the
physiologic process by which bone is continually resorbed
by osteoclasts and formed by osteoblasts. In postmenopausal
osteoporosis, bone remodeling is accelerated, with an
imbalance of resorption greater than formation, resulting
in a measurable decrease of bone mineral density (BMD)
and degradation of bone structure over time, with loss of
bone strength and increase of fracture risk. In what seems
like a paradox, osteoporosis can be treated with drugs that
inhibit bone remodeling (“antiresorptives”) and others that
stimulate bone remodeling (“anabolics” or “bone building”).
The critical factor for achieving a beneficial skeletal effect is
the balance between bone resorption and formation. When
treatment results in bone formation that exceeds resorption,
there is a net accrual of bone, regardless of the direction of
the changes. Antiresorptive agents (e.g., bisphosphonates,
denosumab) reduce bone resorption more than they reduce
formation, resulting in an increase of BMD, while anabolic
agents [e.g., parathyroid hormone (PTH) derivatives—
teriparatide, abaloparatide], increase bone formation
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more than they increase resorption, also increasing BMD.
Anabolic agents can improve the structure of bone, making
them an especially attractive choice for treatment of
patients at very high risk of fracture, when degradation of
bone structure is often advanced. Romosozumab, described
below, is an anabolic agent with a different mechanism of
action than the PTH-derived compounds. It is the latest
osteoporosis drug to receive regulatory approval. Given the
enormous costs of development of osteoporosis treatments
and the current regulatory hurdles, it may be many years
before another drug to reduce fracture risk is approved.

It is informative to examine what has been learned with
studies of the newest treatment for osteoporosis and how
this knowledge can be applied to current concepts for the
management of patients in clinical practice (7able I).

Romosozumab

Romosozumab is a humanized monoclonal antibody to
sclerostin, an endogenous cytokine that inhibits bone
formation and stimulates bone resorption. By blocking
sclerostin, romosozumab has “dual effect” of increasing
bone formation and decreasing bone resorption. The
unique mechanism of action of romosozumab distinguishes
this medication from the other anabolic agents, teriparatide
and abaloparatide, expanding the options for individualizing
treatment decisions for patients at high risk of fracture.
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Table 1 Concepts for treating patients with osteoporosis. These are considerations for patient management derived from the best available

medical evidence. Treatment decisions should be individualized for each patient according to all available clinical information

Concepts

Comments

Osteoporosis is a lifelong disease

Osteoporosis drugs stop working
when they are stopped

Treated osteoporosis is still
osteoporosis

Sequence of therapy matters
Bone density matters

Fracture is a “bone attack”
Anabolic therapy is superior to

antiresorptive

Anabolic therapy builds new bone

Treat to achieve an acceptable level

of fracture risk (“treat-to-target”)

Management warrants lifelong attention; there is no temporary treatment for a lifelong disease

Non-bisphosphonate drugs rapidly lose their therapeutic effects when stopped; bisphosphonates
have a slower offset of effect when stopped due to long skeletal half-life

There is no cure for osteoporosis. When treatment of a patient results in T-score >-2.5, the patient
still has a diagnosis of osteoporosis

For high risk patients, starting treatment with an anabolic followed by an antiresorptive increases
bone density faster and greater than starting with an antiresorptive

Greater increases of bone density with treatment are associated with larger reductions in fracture
risk

A recent fracture is associated with high risk of another fracture in the next few years (“imminent
fracture risk”); urgent medical attention is needed

For patients at high risk of fracture, anabolic therapy provides greater fracture risk reduction than
antiresorptives

All approved drugs for osteoporosis can increase bone density and reduce fracture risk, but only
anabolic drugs improve bone structure

Initial treatment and treatment changes should consider the liklihood of achieving an acceptable
level of fracture risk; T-score is currently the most useful surrogate for fracture risk in treated

patients

A phase 3 clinical trial (FRAME) evaluated the efficacy
and safety of romosozumab in 7,180 postmenopausal
women with osteoporosis (2). It was found that 12 months
of treatment with romosozumab 210 mg subcutaneously
(SC) every 1 month (Q1M) significantly reduced the risk
of vertebral fractures and clinical fractures compared with
placebo. When women in the romosozumab and placebo
groups were transitioned to receive denosumab, a potent
antiresorptive agent, for the following year, the difference
in vertebral fracture rates persisted, with fewer vertebral
fractures in the romosozumab-to-denosumab group
compared with placebo-to-denosumab. In a phase 3 study
of romosozumab in men with osteoporosis (BRIDGE),
changes in BMD and bone turnover markers were similar
to what was observed with women in FRAME, suggesting
that fracture risk reduction may be similar as well (3).
Another phase 3 study (ARCH), evaluated the efficacy and
safety of romosozumab for 1 year followed by alendronate
for 1 year compared with alendronate for 2 years in
4,093 postmenopausal women with osteoporosis (4). The
risk of vertebral fractures was significantly lower in the
romosozumab-to-alendronate group than alendronate-
to-alendronate group. In clinical practice, it may be
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recognized that a patient being treated with alendronate
is responding poorly or at higher risk of fracture than
previously known, leading to consideration of switching to
anabolic therapy. This scenario was assessed in a phase 3
trial (STRUCTURE) in which 436 postmenopausal women
treated with alendronate for at least 3 years (mean 6.2 years)
were randomized to receive romosozumab or teriparatide
for the next 12 months (5). BMD increased significantly
at the femoral neck and total hip with romosozumab but
not with teriparatide (P<0.0001); BMD increased lumbar
spine with both anabolic agents, but significantly greater
with romosozumab (P<0.0001). Since greater increases of
BMD with treatment are associated with greater reductions
in fracture risk (6), it may be preferable to switch from a
bisphosphonate to romosozumab rather than teriparatide in
appropriately selected high risk patients.

"The dose of romosozumab used in the phase 3 trials and
approved for clinical use (210 mg Q1M) was established
with a 12 month phase 2 dose ranging study in 419
postmenopausal women with low BMD (7). Women
enrolled in this study were randomized to receive 1 of 5
different doses of romosozumab (70 mg, 140 mg, or 210
QI1M, or 140 mg or 210 mg Q3M), placebo injections, or 1
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of 2 open label active comparators—oral alendronate (70 mg
weekly) or teriparatide (20 mcg daily). The primary
endpoint was lumbar spine BMD at 12 months. All doses
of romosozumab increased BMD at the lumbar spine
compared with a 0.1% decrease with placebo. There was
an 11.3% BMD increase with the 210 mg Q1M dose of
romosozumab, 4.1% increase with alendronate, and 7.1%
increase with teriparatide. Transient increases in bone
formation markers and persistent decreases in a bone
resorption marker were observed.

A report by McClung et a/. (8) described the findings
of continuation of the 12-month phase 2 study for an
additional 12 months, followed by a 12-month denosumab
extension phase. After the first 12 months, women in the
romosozumab group continued with their assigned doses
for the next 12 months, while those taking alendronate
were switched to receive romosozumab 140 mg QI1M, and
those taking teriparatide were disenrolled from the study.
After a total of 24 months of study participation, eligible
consenting women were randomized in a 1:1 ratio to
receive denosumab 60 mg SC Q6M or placebo SC Q6M
for an additional 12 months (total of 36 months study
participation). At 24 months, the largest BMD increase
(15.1% at the lumbar spine compared with baseline) was
observed with romosozumab 210 mg QIM. In women
transitioned from romosozumab 210 mg QIM for
24 months to denosumab for the next 12 months, there
were further increases in BMD, with a total increase of
19.4% at the lumbar spine and 7.1% at the total hip.
For women receiving romosozumab 210 mg QIM for
24 months followed by placebo for the next 12 months,
there was a decrease in BMD toward pretreatment levels.

The totality of the evidence with romosozumab and
other therapeutic agents for treating osteoporosis is helpful
in the challenging task of discussing with patients the
expected benefits and potential risks of treatment. Common
questions from patients who are advised to start treatment,
and considerations for responding, are as follows.

What drug should | take?

The initial drug choice is dependent on considerations that
include baseline BMD, prior fractures, level of fracture risk,
patient preference, expected adherence to therapy, previous
drug experiences, comorbidities, cost, and insurance
coverage. A concept that may help with choosing initial
therapy, or changing therapy after it is started, is “treat-to-
target” (“goal-directed treatment”) (9), whereby treatment
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is selected according to the likelihood of achieving an
acceptable level of fracture risk. This is different than
the more conventional strategy of starting treatment
for all patients with a generic oral bisphosphonate, the
least expensive of treatment options, unless there is a
contraindication. Considering accumulating evidence
that greater increases in BMD are associated with better
reduction of fracture risk (6) and reports that increasing
T-score to about -2.0 to -1.5 is associated with optimal
reduction of fracture risk, at least for denosumab (10), BMD
(expressed as T-score) may be the most useful treatment
target. More investigation is needed to fully validate the
clinical utility of this concept with all therapeutic agents.
For patients at high risk of fracture, clinical trials,
including ARCH, have shown that anabolic therapy is
superior to antiresorptive therapy for reduction of fracture
risk (4,11-13). The sequence of therapy is also important,
with greater benefit for high risk patients when treatment
is started with an anabolic agent rather than beginning with
antiresorptive therapy and later switching to anabolic (14).
A good example of the benefit of anabolic followed by
antiresorptive therapy is the “foundation effect” described
in a report showing that treatment with romosozumab
for 1 year followed by denosumab for 1 year increases
BMD to a level comparable to about 7 years of treatment
with denosumab alone (15). For a patient at high risk of
fracture, especially one with a recent fracture (16), initiating
treatment with an anabolic agent is an attractive option.

What are the side effects?

All medications, and virtually every human activity,
have possible adverse effects. Drugs for osteoporosis are
no exception. The US Food and Drug Administration
(FDA) requires that the label for each of the anabolic
agents includes a boxed warning. For teriparatide
and abaloparatide the warning is for potential risk of
osteosarcoma due to uncertain relevance of these drugs
having a dose-dependent increase in the incidence of
osteosarcoma in rats. The recommended remedy is to
avoid these agents in patients at high baseline risk for
osteosarcoma, such as those with unexplained elevation
of serum alkaline phosphatase, Paget’s disease of bone, or
radiation therapy involving the skeleton. It is reassuring
to note that there is no evidence of increased risk of
osteosarcoma in humans in a clinical review of 10 years
of teriparatide experience and 6 years of PTH(1-84) (17)
and no evidence of increased risk in the first 8 years of a
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teriparatide patient registry with an estimated 242,782
person-years of observation (18). Less is known about
abaloparatide, which is also a PTH-derived product, due to
fewer years of clinical use, but it is likely that the risk is also
very low, similar to teriparatide.

For romosozumab, the warning is for potential risk of
myocardial infarction, stroke, and cardiovascular death due
to uncertainty in clinical trials. The recommended remedy
is to avoid the treatment with romosozumab in patients who
have had a myocardial infarction or stroke in the past 1 year
and to stop treatment if a patient has a myocardial infarction
or stroke while receiving romosozumab. In FRAME (2),
the largest clinical trial with romosozumab, there was no
difference in cardiovascular endpoints with romosozumab
compared with placebo. Likewise, in the first 24 months of
the phase 2 clinical trial of romosozumab, adverse effects
and serious adverse effects were similar in the placebo
groups and all treatment groups, with comparable risk of
cardiovascular endpoints (8). However, in ARCH (4) there
was a numerical increase in adjudicated cardiovascular
adverse events after 12 months of treatment with
romosozumab (2.5%) compared with alendronate (1.9%).
There is no plausible mechanism of action to explain
possible adverse cardiovascular effects with romosozumab.
It is not known whether the findings in ARCH are due to
a real increase of risk with romosozumab, a protective of
effect of alendronate, or a statistical aberration. It should
be noted that for all 3 anabolic agents, these are warnings,
not contraindications, since there must be known harm to
be categorized as a contraindication. The boxed warnings
should be considered when evaluating the balance of
benefits and risks for each patient.

With bisphosphonates, there have been reports of rare
occurrences of osteonecrosis of the jaw (ON]J) and atypical
femur fractures (AFF). Media attention describing these
events often does not communicate their rarity compared
with the benefits (19). Media reports can be frightening to
patients, sometimes resulting in discontinuation or failure
to start treatment for osteoporosis, potentially leading more
fractures and deaths (20). Some of the same concerns apply
to denosumab, which has also been rarely associated with
ON]J and AFF. Effective communication of the balance of
benefits (fewer fractures) and risk of possible side effects
(e.g., ONJ and AFF) is a skill that can be acquired (21),
often with the use of decision aids and comparison with
daily activities, such as driving a car, associated with
much higher risk. Regrettably, health care providers may
have insufficient time, interest, or skills to have such a

© Annals of Translational Medicine. All rights reserved.

Lewiecki. Treatments to reduce fracture risk

conversation.

How long do | have to take it?

Osteoporosis is a lifelong disease that warrants lifelong
attention, as with other common chronic diseases, such as
hypertension, diabetes, and hypercholesterolemia. There
is no temporary treatment, whether it be with drugs
or lifestyle modification, for a lifelong disease. Once a
diagnosis of osteoporosis is made, the diagnosis persists,
even if treatment results in improvement of T-score to
>-2.5 (22). Changing the diagnosis to osteopenia or normal
after effective treatment is given may have adverse clinical
consequences if needed treatment is discontinued or
changed, or insurance coverage for treatment is withdrawn.

There is a common misperception that all osteoporosis
drugs have a time limit, whereas time limits apply only to
the 3 approved anabolic agents. All drugs stop working
when they are stopped. The non-bisphosphonates stop
working very quickly. This is well illustrated in the phase
2 trial of romosozumab, where patients transitioned
from 2 years of romosozumab to placebo for the next
12 months were reported to have a loss of BMD (8).
Stopping denosumab, a non-bisphosphonate with a robust
antiresorptive effect, is also followed by loss of BMD (23),
and a rapid return of vertebral fracture risk to baseline (24).
The theme of these studies and others is that stopping non-
bisphosphonate therapy in patients at high risk of fracture
should be quickly followed by another therapeutic agent; if
this is not done, benefits will be rapidly lost.

Bisphosphonates, due to long skeletal half-life, may
have persistence of antiresorptive effects and anti-fracture
benefit for a limited period of time after stopping. This has
led to the concept of a “drug holiday” for patients who have
had long-term bisphosphonate therapy and are no longer
at high risk of fracture (25), based on the rationale that
temporary withholding of a bisphosphonate might allow for
persistent benefits, at least for a while, with a reduction of
the risk of ONJ and AFF. Such patients must be monitored
and treatment resumed when fracture risk is high.

Does it build new bone?

It is common for patients to confuse building new bone
with increasing BMD. A useful message is that all approved
osteoporosis drugs can increase BMD, improve bone
strength, and reduce fracture risk, but only the anabolic
agents build new bone and restore, at least partially,
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degraded bone structure. The use of bone images and
models can be helpful for communicating this concept to
patients. When patients have a better understanding of the
actions of anabolic therapy, they are better equipped to
make a treatment decision.
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