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Evenity© (romosuzumab-aqqg); A Novel
Agent for Osteoporosis in Postmenopausal
Women at High Risk for Fracture

Tanaka Dang, PharmD Candidate

steoporosis is one of the most common bone diseases
O affecting as many as 10 million adults in the United

States.! It is characterized by low bone mass and deteri-
oration of bone tissue and structure, leading to an increase risk of
fractures.2 In addition to those affected by osteoporosis, approxi-
mately 44 million people have decreased bone density known as
osteopenia.! Over time osteopenia can lead to osteoporosis, fur-
ther escalating the risk of fractures. In the United States, over 1.5
million fractures are caused secondary to osteoporosis each
year.3# Osteoporotic fractures are associated with significant mor-
bidity and mortality. A majority of these fractures occur in post-
menopausal women and are located at the spine, hip, or wrist due
to the fragility at these sites. > Postmenopausal women are more
prone to osteoporosis due to a depletion of estrogen, which con-

sequently impairs normal bone formation and resorption. Frac-
tures related to osteoporosis also cause a significant economic
burden in the United States. Currently, osteoporosis-related frac-
tures costs around $19 billion annually and is projected to increase
to $25.3 billion by 2025.6 It is estimated that the prevalence of
osteoporosis in the United States will also increase from 10 mil-
lion to over 14 million people by 2020, based on data from the
National Health and Nutrition Examination Survey (NHANES)
and the estimated population count from the U.S. Census for
2020.7

Current pharmacological therapy for osteoporosis include
bisphosphonates, teceptor activator of nuclear factor kappa-B
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ligand (RANKL) inhibitor, parathyroid hormone (PTH), estrogen
agonist/antagonist, calcitonin, calcium, and vitamin D.24 The En-
docrine's Society guideline recommends bisphosphonates as first-
line initial treatment and denosumab, a RANKL inhibitor, as an
alternative initial therapy for osteoporosis in postmenopausal
women.® In patients with very high risk of fracture, parathyroid
hormone (PTH) such as teriparatide and abaloparatide are uti-
lized.® Estrogen agonist/antagonist like raloxifene are other op-
tions used in postmenopausal women with low risk of deep vein
thrombosis or have a high risk of breast cancer. 8 The guideline
suggests the use of calcitonin as last-line therapy in patients who
cannot tolerate or have failed previous therapies.8 Calcium and
vitamin D are used as adjunct to osteoporosis therapies. 8 While
current osteoporosis therapy are either antiresorptive or anabolic,
none have had dual effect until romosozumab-aqqg (Evenity™).

In April 2019, romosozumab-aqqg (Evenity™), a novel mon-
oclonal antibody targeting sclerostin was granted FDA approval
for osteoporosis in postmenopausal women with high fracture
risk, defined as having a history of fracture related to osteoporo-
sis, having multiple risk factors for fracture, or are intolerant or
have failed other therapies.” According to the FDA, the four low-
ercase suffix “-aqqg” helps distinguish biological products with
the same core name and is intended to minimize substitutions that
have not been determined to be interchangeable.!” The purpose of
this article is to evaluate the safety and efficacy of romosozumab
for the treatment of osteoporosis in postmenopausal women.

CLINICAL PHARMACOLOGY

Romosozumab is the first humanized IgG2 monoclonal anti-
body that targets, binds, and inhibits the action of sclerostin.!!
Sclerostin is a glycoprotein expressed by the SOST gene in osteo-
cytes, which is responsible for breaking down bones. Sclerostin
works by binding to receptors on the surface of osteoblasts which
inhibits the wingless-type mouse mammary virus integration site
(Wnt) signaling, a pathway that regulates bone formation and re-
generation.!2 This leads to a down-regulation of osteoblast func-
tion in bone formation.!!3 By inhibiting sclerostin, romosozumab
has shown to be a potent anabolic drug that increases bone for-
mation on both trabecular and cortical bones.!.13 Aside from the
anabolic effect of romosozumab, bone resorption also occurs at a
lesser extent.!3

Romosozumab increases procollagen type 1 N-telopeptide
(PINP) and decreases type 1 collagen C-telopeptide (CTX) in
postmenopausal women with osteoporosis.!> PINP and CTX are
bone turnover markers (BTM) that are used as a fracture risk pre-
dictor and to monitor osteoporosis treatments.!314 While PINP is
a marker for bone formation, CTX-1 is a marker for bone resorp-
tion.14
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Pharmacokinetics

Romosozumab possesses nonlinear pharmacokinetics with
five times the concentration in AUC seen compared to dose
give.!3 Increased body weight decreases the exposure of romoso-
zumab. When romosozumab is administered as a single 210 mg
dose, the mean maximum serum concentration (Cmax) is 22.2 £
5.8 mcg/mL and the mean area under the curve is 389 + 127
mcgday/mL.!3 Romosozumab has a volume of distribution of
3.92 L, a half-life of 12.8 days, and achieves steady-state concen-
tration (Cys) within three months with monthly administrations.
1213 The average time to maximum concentration (Tma) ranges
between two and seven days. While the metabolic pathway of
romosozumab is not definitive, it is predicted that the metabolism
works via catabolic pathways similar to endogenous IgG, in that it
may be metabolized through lysosomal degradation to peptides
and amino acids.!> Clearance of romosozumab is estimated to be
0.38 mL/hr/kg.!5 As the dose increases, the clearance of romoso-
zumab decreases. Based on the population studied, age (20 to 89
years), sex, race, prior alendronate use, and renal impairment had
no significant difference in the pharmacokinetics of romosozu-
mab.!5 Select pharmacokinetic parameters when using recom-
mended dosing are summarized in Table 1.

CLINICAL TRIALS

Safety and efficacy of romosozumab for osteoporosis in
postmenopausal women were based on two phase III studies, the
Fracture Study in Postmenopausal Women with Osteoporosis
(FRAME) and the Active-Controlled Fracture Study in Postmen-
opausal Women with Osteoporosis at High Risk (ARCH), which
led to its FDA approval. Phase III trials such as the FRAME ex-
tension trial and trial by Langdahl et al will also be reviewed. Data
from these clinical trials is summarized in Table 2.

FRAME Trial

Cosman et al. conducted an international, randomized, dou-
ble-blind, placebo-controlled, parallel group trial to evaluate the
efficacy of romosozumab therapy on the risk of fracture in wom-
en with postmenopausal osteoporosis.'¢ The FRAME trial includ-
ed postmenopausal women between the ages of 55 to 90 years,
with T-scores between -2.5 and -3.5 at the total hip or femoral
neck. Women also had to have at least two vertebrae in the lum-
bar region (L1 to I.4) and at least one evaluable hip based on a
DXA scan. Participants were excluded if they have a history of
hip fracture, severe or more than 2 moderate vertebral fractures,
metabolic bone disease that affected bone metabolism, osteone-
crosis of the jaw (ONJ), vitamin D levels < 20 ng/mL, cutrent
hypercalcemia or hypocalcemia defined as albumin-adjusted se-
rum calcium outside the normal range, or recent drug use that
interact with bone metabolism.

The primary endpoints observed in this study were the total
incidences of new vertebral fracture at 12 months and at 24
months. Radiographs were assessed during patients scheduled
visits using the Genant grading scale, a tool used to classify verte-
bral fractures. New vertebral fracture was defined as having an
increase of at least one grade in participants with normal vertebrae
prior. For those who have preexisting fractures, progression of
fracture was defined as an increase of at least one grade. The
secondary endpoints included total incidence of fracture, major

Table 1 | Select Romosozumab Pharmacokinetics™

Absorption
Cmax® 22.2 + 5.8 meg®/mL°
Tmax® 2 —7 days
Css® 3 months
AUC? 389 + 127 mcg®day/mL
Distribution
vd® ~3.92 L'
Metabolism

Catabolic pathway Degradation into peptides and

amino acids
Elimination
cIf 0.38 mL/hr¥/kg'
T1/2" 12.8 days

aMaxmium concentration; PTime to maximum concentration; <Steady-state con-
centration; dArea under the curve; <Volume of distribution; {Clearance; PHalf-life
mcg = Micrograms; mL = milliliters; L. = liters; hr = hours; kg = kilograms

and minor nonvertebral fracture, new or worsening vertebral frac-
ture, hip fracture, and major osteoporotic fracture, during the
study period. Of the 7180 women included in the study, 6390
(89%) completed the first 12 months of the trial and 6026 (83.9%)
completed the total 24 months. Participants were randomized in a
1:1 ratio to receive either romosozumab 210 mg injected monthly
(n=3589) or placebo (n=3591). In the first phase of the trial, par-
ticipants received their intervention monthly for 12 months then
proceeded to an open-label denosumab dose of 60 mg subcutane-
ously every six months for one year. The authors decided to assess
follow-up therapy with denosumab due to evidence that bone
mineral density (BMD) stabilizes or increases after adding an anti-
resorptive agent after a bone-forming treatment. Aside from the
intervention of placebo and denosumab, participants also received
calcium 500-1000 mg and vitamin D3 or D2 600-800 IU daily. In
those who had a baseline setum vitamin D level of < 40 ng/mlL, a
loading dose of 50,000-60,000 IU of vitamin was administered at
the trial’s start.

After the 12-month period, new vertebral fractures occurred
in 16 (0.5%) patients in the romosozumab arm and 59 (1.8%) in
the placebo arm. Thus, there was a 73% lower risk of fractures in
the romosozumab arm than in those in the placebo arm (95% CI
53 to 85, p<0.001). For secondary outcomes, clinical fractures
and nonvertebral fractures occurred less in the romosozumab
group compared to the placebo group. In the romosozumab arm,
clinical fractures occurred in 58 patients (1.6%) compared with 90
patients (2.5%) in the placebo arm. Nonvertebral fractures were
seen in 56 patients (1.6%) in the romosozumab group versus 75
patients (2.1%) in the placebo group. Additionally, BMD and
BTM also improved with romosozumab compared to placebo.
There was a greater increase in BMD percentage change from
baseline in romosozumab than placebo of 13.3% (95% CI 11.9 to
14.7, p<0.001) at the lumbar spine, 6.9% (95% CI 5.1 to 8.1,
p<0.001) at the total hip, and 5.9% (95% CI 4.3 to 7.4, p<0.001)
at the femoral neck.

At 24 months, romosozumab had a 75% lower risk of verte-
bral fractures than placebo. Vertebral fractures occurred in 21
patients (0.6%) in the romosozumab group compared to 84 pa-
tients (2.5%) in the placebo group after both groups transitioned
to denosumab (p<0.001). Adverse events were balanced between
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15-18

Trial Intervention Primary Endpoint Results
Romosozumab 210 mg SubQ? Inj
thly for 12 ths (n= ive inci
monthly for 12 months (n=3589) Cumulative incidences of new vertebral 5o/ \ o 4 go, RR® = 73% (95% p°<0.001
fracture at 12 months CI°: 53 to 85
FRAME'® Placebo for 12 months (n=3591) 153 to 85)
*Both groups followed by denosumab .
60 mg SubQ Inj every 6 months foran  Cumulative incidences of new vertebral ~ 0.6% vs 2.5%  RR=75% (95% Cl: <0.001
additional 12 months fracture at 24 months 60 to 84) p=o.
Romosozumab 210 mg SubQ Inj
monthly for 12 months (n=2851)
L7 Placebo for 12 months (n=2892) Cumulative incidence of new vertebral 1.0% vs 2.8% RR =66%
FRAME Extension facture at 36 months p<0.001
*Both groups followed by denosumab
60 mg SubQ Inj every 6 months for an
additional 24 months
Romosozumab 210 mg SubQ Inj L _ .
monthly for 12 monthes followed by Cumulative |nf|g§nce c:{]new VT 4.1% vs 8.0% SR p<0.001
alendronate 70 g PO® weekly G 28 (el 34 t0 62)
ARCH'™® (n=2047)
Risk of clinical fractures at the time of 9.7% vs HR =0.73 (95% Cl: <0.001
Alendronate 70 mg PO weekly primary analysis 13.0% 0.61 to 0.88) p<0.

Langdahl et a

19
I

(n=2046)

Romosozumab 210 mg SubQ Inj
monthly for 12 months (n=218)

Teriparatide 20 mcg' SubQ Inj daily for
12 months (n=218)

Mean percentage change from base-
line in BMD at total hip at 12 Months

Total difference in baseline in total hip
area

3.2% (95% CI: 2.7 to 3.8)

2.6% (95% Cl: 2.2 to 3.0)
vs -0.6% (95% CI: -1.0t0 0.2)

p<0.0001

aSubcutaneous; "Relative Risk; ‘Confidence Interval; °P-value; ®By mouth; 'Hazard Ratio
Mg = milligrams; Inj = injection; mcg = micrograms

the two groups; however, atypical femoral fracture occurred in
one patient and osteonecrosis of the jaw occurred two patients
from the romosozumab group. The authors concluded that romo-
sozumab was beneficial in lowering risk of vertebral fracture com-
pared to placebo at 12 months. Furthermore, the benefits contin-
ued after 24 months when transitioning to denosumab.

Lewiecki and colleagues extended the FRAME Trial re-
viewed above for an additional 12 months.!7 The purpose of this
trial was to report the safety and efficacy of romosozumab after
following the same patients from the FRAME study for a total of
36 months. Outcomes that the authors looked at wete new verte-
bral, clinical, and nonvertebral fractures, BMD, and safety. Of the
7180 patients previously enrolled in the FRAME study, 5743
(80%) completed the extension trial. Of the total patients who
completed the trial, 2851 patients came from the romosozumab-
denosumab arm and 2892 patients were from the placebo-
denosumab arm. Patients who remained in the extension trial
received open-label denosumab 60 mg subcutancously every 6
months for an additional 12 months.

At 36 months from baseline, risk of fracture was reduced
in patient groups who received romosozumab versus placebo
during the first 12-month study period. Patients who received
romosozumab then denosumab had a significant reduction in risk
by 66% for new vertebral fracture than those who received place-
bo then denosumab (1.0% versus 2.8%, p<0.001). For clinical
fractures, there was a relative risk reduction (RRR) of 27% in the
romosozumab group (4.0% versus 5.5%, p=0.004) and nonverte-
bral fracture had a RRR of 21% (3.9% versus 4.9%, p=0.039).
The authors concluded that romosozumab for 12 months, fol-
lowed by 24 months of denosumab showed fracture reduction
benefit and continued gain in BMD.

The ARCH trial is a multicenter, international, randomized,
double-blind trial.!8 Postmenopausal women were randomly as-
signed in a 1:1 ratio to either receive romosozumab 210 mg sub-
cutaneously monthly or alendronate 70 mg by mouth weekly for
12 months. Similar to the FRAME trial, also received calcium 500
-1000 mg and vitamin D3 or Dy 600-800 IU daily. After receiving
the initial treatment for 12 months in the double-blind period, all
patients then received open-label weekly oral alendronate 70 mg
by mouth weekly for up to 36 months. The ARCH trial included
women between the ages of 55 and 90 years and had at least one
of the following criteria: (1) BMD T-score =-2.5, with the location
being total hip or femoral neck and either 21 moderate or severe
vertebral fracture or 22 mild vertebral fracture or (2) BMD T-
score of <-2.0 at the total hip or femoral neck and either 22 mod-
erate or severe vertebral fracture or fracture of proximal femur
occurring 3 to 24 months prior to randomization. Exclusion fac-
tors for the ARCH Trial mirrored the FRAME trial with addition
of patients who are unable to take alendronate oral tablets or have
a contraindication to alendronate.

Primary endpoints for the ARCH trial were cumulative oc-
currence of new vertebral fractures and cumulative incidence of
clinical fracture at 24 months. Lumbar spine, total hip, and femo-
ral neck BMD were reviewed as a secondary outcome at 12
months and 24 months. In addition, incidence of nonvertebral
fracture was another secondary outcome studied. In this study,
4093 women were included in the trial, of which 89.3% (3654) of
patients completed 12 months, and 77% (3150) of patients com-
pleted the 24-month period. When looking at the risk of new ver-
tebral fractures, the romosozumab followed by alendronate arm
had 48% lower risk than the alendronate alone arm over the 24-
month period (6.2% versus 11.9%; 95% CI 0.40 to 0.66,
p<0.001). The romosozumab group also resulted in lower risk
clinical fracture and cumulative incidence of clinical fracture com-

http://pharmacy.ufl.edu/pharmanote/

VOL. 35, ISSUE 4 | JANUARY 2020



PHARMANOTE

Table 2 | Summary of Select Cardiovascular Adverse Events in ARCH Trial®

Adverse Event
Serious Cardiovascular adverse event
Ischemic event

Cerebrovascular event

Romosozumab (n=2040) vs
Alendronate Arm (n=2014)

50 (2.5%) vs 38 (1.9%)
16 (0.8%) vs 6 (0.3%)
16 (0.8%) vs 7 (0.3%)

0Odds Ratio (95% CI?)
1.31 (0.85-2.00)
2.65 (1.03-6.77)
2.27 (0.93-5.22)

aConfidence Interval

pared to the alendronate alone group; however, no significant
difference was shown with risk of nonvertebral fracture. Further-
more, increase in PINP and decrease in CTX was shown in the
romosozumab group.

When reviewing the safety of romosozumab, a greater num-
ber of patients had serious cardiovascular adverse events in the
romosozumab group (2.5%, 50 patients) compared to the alen-
dronate group (1.9%, 38 patients). Table 3 summarizes select
cardiovascular adverse events found in this trial. ON]J and atypical
femoral fracture was also observed in this trial. In the romosozu-
mab followed by alendronate group, one patient reported ON]J
and six patients reported atypical femoral fracture. Similarly, the
alendronate alone group had one patient report ONJ; however,
only four patient reported atypical femoral fracture.

Langdahl et al

In a randomized, phase III, open-label, active controlled
study by Langdahl et al, postmenopausal women were random-
ized 1:1 to received either romosozumab 210 mg subcutaneously
once monthly or teriparatide 20 mcg subcutaneously once daily
over 12 months for osteoporosis therapy after transitioning from
an oral bisphosphonate therapy at an approved dose for post-
menopausal osteoporosis for at least three years before screening
and alendronate the year immediately before screening.’ In addi-
tion to romosozumab or teriparatide, all patients were given calci-
um 500-1000mg/day and vitamin D 600-800 IU/day. Patients in
the romosozumab with serum vitamin D concentration of 50-100
nmol/L received 50,000-60,000 1U vitamin D after randomiza-
tion. Patients were included if they had a T-score <-2.5 at the
total hip, femoral neck, or lumbar spine and if they had taken an
oral bisphosphonate for at least three years prior to screening or
alendronate within one year prior to screening. The primary end-
point measured was the percentage change from baseline in BMD
at the total hip.

A total of 436 patients were enrolled, in which 218 patients
were assigned to the romosozumab group and 218 patients were
assigned to the teriparatide group; however, 206 patients and 209
patients were included in the analysis respectively. After 12
months, the authors reported a 2.6% (95% CI 2.2 to 3.0) mean
change from baseline in total hip BMD in the romosozumab arm
and -0.6% (95% CI -1.0 to 0.2) in the teriparatide group. The total
difference in baseline in total hip area was reported as 3.2% (95%
CI 2.7 to 3.8, p<0.0001). Both groups had balanced adverse
events reported with nasopharyngitis, hypercalcemia, and arthral-
gia being the most commonly reported. Additionally, 17 (8%)
patients in the romosozumab arm reported setious adverse events
compared to 23 (11%) in the teriparatide group; however, none
were deemed treatment-related. In regard to withdrawal due to
adverse events, six (3%) patients on romosozumab withdrew
from the study compared to 12 (6%) on teriparatide. The authors
concluded that romosozumab showed benefit in hip BMD com-
pared to teriparatide.

ADVERSE EVENTS AND PRECAUTIONS

Romosozumab contains a boxed warning for potential risk
of myocardial infarction, stroke, and cardiovascular death and
should be avoided in patients with a history of myocardial infarc-
tion or stroke within a year after the event.’> Due to the potential
of a major adverse cardiac event (MACE), it is important to moni-
tor for symptoms of myocardial infarction and stroke while on
romosozumab.!3 Furthermore, romosozumab is contraindicated in
patients with hypocalcemia. In patients with pre-existing hy-
pocalcemia, it is recommended to correct calcium levels prior to
starting romosozumab.!3 Hypersensitivity reactions such as angi-
oedema, erythema multiforme, dermatitis, rash, and urticaria have
also been reported with the use of romosozumab.12 Other precau-
tions of romosozumab to note are osteonecrosis of the jaw and
atypical subtrochanteric and diaphyseal femoral fractures.!> Com-
mon adverse reactions reported (>5%) in romosozumab include
arthralgia and headaches.!> A summary of common adverse reac-
tions of romosozumab from clinical trials can be found in Table

4.
DOSING AND ADMINISTRATION

Romosozumab is available as a 105 mg/1.17 mL solution in
a single-use prefilled syringe.!3 The recommended dose for romo-
sozumab is 210 mg administered subcutaneously by a health care
provider.!3 Therefore, romosozumab is given as two 105 mg in-
jections consecutively in the abdomen, thigh, or upper arm.’3 Ro-
mosozumab should be administered once per month for 12
months.!3 After 12 months, the anabolic effect of romosozumab
decreases shown in a phase 11 trial by McClung and colleagues.?
Patients on romosozumab should have adequate supplementation
of calcium and vitamin D.!3 While no dose adjustment is required
for patients with renal impairment, it is imperative to monitor
serum calcium in patients with severe renal impairment, defined as
having an estimated glomerular filtration rate (¢GFR) of 15 to 29
mL/min/1.73m? or receiving dialysis due to the increased risk of
hypocalcemia.!? If patients miss a dose, it is recommended to re-
schedule romosozumab administration as soon as possible.!3

The cost of romosozumab is $1,825 per dose of two 105
mg/1.17 mL syringes, which totals to $21,900 for the complete 12
-month course treatment.2! According to Amgen biopharmaceuti-
cal company, 80% of romosozumab is covered under Medicatre
Part B after a deductible is met.22 Patients with commercial insur-
ance and meet eligibility for the copay card for romosozumab may
pay $25 or less; however, there is a coverage limit.?2

CLINICAL IMPLICATIONS

Romosozumab appears to be effective and relatively safe in
the treatment of osteoporosis in postmenopausal women at high
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risk for fracture. Although there are currently no guideline recom-
mendations, romosozumab may be beneficial in patients who
cannot tolerate or have failed previous osteoporosis therapies .
Additionally, it has shown to have positive effects when used be-
fore alendronate rather than alendronate alone. Therefore, romo-
sozumab could potentially be used prior to bisphosphonates for
added benefit. As a novel monoclonal antibody targeting scle-
rostin, it has shown to have anabolic effects as well as reducing
bone resorption activity. After two weeks of initiating romosozu-
mab, PINP increased from baseline to a maximum of around
145% in comparison to placebo and CTX decreased by a maxi-
mum of 55% compared to placebo in the FRAME Trial. 1116

In the trials reviewed, a decrease in cumulative incidence of
new vertebral fracture compared to placebo and alendronate was
reported. Additionally, total BMD in total hip was increased in
romosozumab versus teriparatide. Furthermore, Romosozumab
has the most potent effect on bone in one year, compared to simi-
lar effects of 2 years in teriparatide, 5 yeats in denosumab, or 10
years in alendronate.?3 Although romosozumab is only FDA ap-
proved in women at this time, a study by Lewiecki and colleagues
have showed benefit in the use of romosozumab in men with
osteoporosis.2* Another area of interest is potential carcinogenic
risk with monoclonal antibodies, however, romosozumab was not
carcinogenic in animal studies.?> Romosozumab may continue to
show more promising results in the future.

It is important to note that there are many limitations with
romosozumab. One being that the efficacy of romosozumab di-
minishes after one year of administration. After completion of the
therapy in 12 months, both PINP levels and CTX level returned
towards baseline levels.!? Therefore, romosozumab is only intend-
ed for a 12-month course treatment due its waning effect.
Additional therapy such as denosumab may be needed after ro-
mosozumab is completed which further drives the cost for pa-
tients. While transition to a bone-forming agent is seen in patients
treated with bisphosphonates, more studies are warranted to guide
the order of therapy with romosozumab.

Some limitations noted from the studies review include pa-
tients stratified by ages by < 75 and = 75 years in the FRAME
and ARCH trials, while the average menopausal age is around 51
years old. In addition to this, the FRAME trial excluded patients
with a history of hip fracture and having severe or moderate ver-
tebral fracture which are factors in patients of high risk of frac-
ture. This is a major weakness to the study since romosozumab is
indicated for postmenopausal women with high risk of fracture.
In the trial by Langdahl et al, only patients in the romosozumab
arm received additional calcium and vitamin D. This could poten-
tially affect the outcome seen in this study. Furthermore, medica-
tions aside from romosozumab were self-administered. Thus,
adherence with comparator medications were not accounted for.
All trials reviewed were funded by the drug manufacturer and
disclosed.

When thinking about patient standpoint, a major limitation
to romosozumab is its high cost of $21,900 per year. In addition
to cost, the full dose of romosozumab requires two subcutaneous
injection in the same visit. Romosozumab must be administered
by a healthcare provider which may deter patients from coming to
multiple office visits; however, it would allow patients to be fol-
lowed-up by a healthcare provider more often.

In regard to safety, romosozumab holds a boxed warning for
serious cardiovascular events. While the cause of cardiovascular
events is unknown at this time upon further literature review, it is
thought that lipid accumulation occurs due to activating the Wnt

Table 4 | Common Adverse Reactions of Romosozumab
from Clinical Trials®

Adverse Reactions 2 2% FR&'\!SESH?I“) A?r?: g(ﬂi;)lr
Arthralgia 13.1% 8.1%
Headache 6.6% 5.2%

Muscle Spasms 4.6% 3.4%
Peripheral edema 2.4% 1.7%
Asthenia 2.3% 2.5%
Neck pain 2.2% 1.7%
Insomnia 2.0% 1.7%
Paresthesia 2.0% 1.4%

signaling pathway.26 Therefore it may be best to avoid romosozu-
mab in patients with past medical history of cardiovascular events
until more data is published.

CONCLUSIONS

Romosozumab-aqqg (Evenity™) is a novel humanized mon-
oclonal antibody approved for osteoporosis in postmenopausal
women at high risk for fracture. It targets sclerostin and has in-
creased bone formation and decreased bone resorption effect.
Overall romosozumab adds to the therapeutic options for pre-
venting osteoporotic fractures especially considering its effect in
as little as one year compared to other therapeutic options on the
market. There have been no changes in treatment guidelines since
the approval of romosozumab so its true place in treatment has
yet to be determined.

REFERENCES

1. Wright NC, Looker AC, Sagg KG, et al. The Recent Preva-
lence of Osteoporosis and Low Bone Mass in the United
States Based on Bone Mineral Density at the Femoral Neck
or Lumbar Spine. ] Bone Miner Res. 2014; 29(11): 2520-2526

2. Cosman F, De Beur SJ, LeBoft MS, et al. Clinician’s Guide to
Prevention and Treatment of Osteoporosis. Osteoporos Int.
2014; 25(10):2359-2381. Epub 2014 Aug 15.

3. Masi L. Epidemiology of osteoporosis. Clin Cases Miner
Bone Metab. 2018; 5(1):11-13

4. Black DM, Rosen CJ. Clinical Practice. Postmenopausal Os-
teoporosis. N Engl | Med. 2016; 374(3):254-62

5. National Clinical Guideline Centre (UK). Osteoporosis: Fra-
gility Fracture Risk: Osteoporosis: Assessing the Risk of Fra-
gility Fracture. London: Royal College of Physicians (UK).
NICE Clinical Guidelines, No. 146. 2012. Available at:
https:/ /www.ncbi.nlm.nih.gov/books/NBK115323/

6. National Osteoporosis Foundation. Fast Facts. Available at:
http:/ /www.nof.org/node/40

7. Burge R, Dawson-Hughes B, Solomon DH, et al. Incidence
and economic burden of osteoporosis-related fractures in the
United States, 2005-2025. ] Bone Miner Res. 2017; 22(3):465-
75

8. Eastell R, Rosen CJ, Black DM, et al. Pharmacological Man-
agement of Osteoporosis in Postmenopausal Women: An
Endocrine Society* Clinical Practice Guideline. ] Clin Endo-
crinol Metab. 2019;104(5):1595-1622

9. U.S. Food and Drug Administration. FDA News Release.

http://pharmacy.ufl.edu/pharmanote/

VOL. 35, ISSUE 4 | JANUARY 2020



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

PHARMANOTE

FDA approves new treatment for osteoporosis in postmeno-
pausal women at high risk of fracture. Available at: https://
www.fda.gov/news-events/press-announcements/fda-
approves-new-treatment-osteoporosis-postmenopausal-
women-high-risk-fracture

FDA. Nonproprietary Naming of Biological Products Guid-
ance for Industry. Available at: https://www.fda.gov/
media/93218/download

Lim SY, Bolster MB. Profile of romosozumab and its poten-
tial in the management of osteoporosis. Drug Des Devel
Ther. 2017; 11: 1221-1231

Lewiecki M. Role of sclerostin in bone and cartilage and its
potential as a therapeutic target in bone diseases. Ther Adv
Musculoskelet Dis. 2014; 6(2):48-57

EvenityTM [prescribing information]. Thousand Oaks, CA:
Amgen Inc; 2019

Szulc P, Naylor K, Hoyle NR, et al. Use of CTX-I and PINP
as bone turnover markers: National Bone Health Alliance
recommendations to standardize sample handling and patient
preparation to reduce pre-analytical variability. Osteoporos
Int. 2017; 28(9):2521-2556

Ryman JT, Meibohm B. Pharmacokinetics of Monoclonal
Antibodies. CBT Pharmacometrics Syst Pharmacol. 2017;6
(9):576-588

Cosman F, Crittenden DB, Adachi JD, et al. Romosozumab
Treatment in Postmenopausal Women with Osteoporosis. N
Engl ] Med. 2016 Oct 20;375(16):1532-1543

Lewiecki EM, Dinavahi RV, Lazaretti-Castro M, et al. One
Year of Romosozumab Followed by Two Years of Deno-
sumab Maintains Fracture Risk Reductions: Results of the
Frame Extension Study. ] Bone Miner Res. 2019;34(3):419-
428

Saag KG, Petersen J, Brandi ML, et al. Romosozumab or
Alendronate for Fracture Prevention in Women with Osteo-
porosis. N Engl | Med. 2017;377(15):1417-1427

Langdahl BL, Libanati C, Crittenden DB, et al. Romosozu-
mab (sclerostin monoclonal antibody) versus teriparatide in
postmenopausal women with osteoporosis transitioning from
oral bisphosphonate therapy: a randomised, open-label, phase
3 trial. Lancet. 2017; 390(10102):1585-1594.

McClung MR, Brown JP, Diez-Perez A, et al. Effects of 24
months of Treatment With Romosozumab Followed by 12
Months of Denosumab or Placebo in Postmenopausal Wom-
en with Low Bone Mineral Density: A Randomized, Double-
Blind, Phase 2, Parallel Group Study. ] Bone Miner Res.
2018;33(8):1397-1406

Amgen® News Release. EVENITY™ (romosozumab-aqqg)
Now Available In The United States For The Treatment Of
Osteoporosis In Postmenopausal Women At High Risk For
Fracture. Available at: https://www.amgen.com/media/
news-releases/2019/04/ evenity-romosozumabaqqgg-now-
available-in-the-united-states-for-the-treatment-of-
osteoporosis-in-postmenopausal-women-at-high-risk-for-
fracture/

EvenityTM Health Care Provider. Support & Access. Availa-
ble at: https://www.evenityhcp.com/access

Chang B, Quan Q, Li Y, et al. Treatment of Osteoporosis,
with a Focus on 2 Monoclonal Antibodies. Med Sci Monit.
2018; 24:8758-8766

Lewiecki EM, Blicharski T, Goemaere S, et al. A Phase 111
Randomized Placebo-Controlled Trial to Evaluate Efficacy
and Safety of Romosozumab in Men with Osteoporosis. |

Clin Endocrinol Metab. 2018; 103(9):3183-3193

25. Chouinarg L, Felx M, Mellal N, et al. Carcinogenicity risk
assessment of romosozumab: A review of scientific weight-of
-evidence and findings in a rat lifetime pharmacology study.
Regul Toxicol Pharmacol. 2016;81:212-222

26. Asadipooya K, Weinstock A. Cardiovascular Outcomes of
Romosozumab and Protective Role of Alendronate. Arterio-
scler Thromb Vasc Bio. 2019;39(7):1343-1350

PERSONALIZED MEDICINE CORNER

Using Pharmacogenetic Testing to Inform

Current and Future Drug Therapy
Amanda Elchynski. PharmD

Pharmacogenetic testing for CYP2C79 and CYP2D6 can
help guide the use and dosing of selected antidepressants, includ-
ing sertraline, citalopram, escitalopram, and paroxetine.! These
agents, though, are just a handful of those currently available to
treat depressive disorders. In the majority of cases, integrating
genetic data into drug therapy decisions for antidepressants re-
quires balancing pharmacogenetic test results, history of antide-
pressant response and adverse effects, cost considerations, and
other clinical factors (e.g., renal function, age, comorbidities). In
this article, we describe a patient who was referred to the UF
Health Pharmacogenetics Consult Clinic for recommendations on
incorporating pharmacogenetic testing into antidepressant treat-
ment selection.

Patient Case

A 29-year-old female with a past medical history of major
depressive disorder and generalized anxiety disorder presented to
the clinical pharmacogenetics pharmacist. She reports expetienc-
ing symptoms of social anxiety, panic, agoraphobia, and recurring
obsessive thoughts that are affecting her quality of life and activi-
ties of daily living. She has previously taken alprazolam, sertraline,
fluoxetine, bupropion, trazodone, and propranolol for her symp-
toms with inadequate response or adverse effects. Her current
drug therapy regimen includes venlafaxine, mirtazapine, buspi-
rone, and clonidine. She reports that she is experiencing sexual
dysfunction with current medications.

The patient undergoes pharmacogenetic testing and she has
normal CYP2D6 enzyme activity (CYP2D6 *1/*1; normal metab-
olizer) and decteased CYP2C19 enzyme activity (CYP2C19 *1/*2;
intermediate metabolizer). These results indicate she has an in-
creased risk of experiencing adverse effects from citalopram, es-
citalopram, and sertraline, all of which are inactivated by the
CYP2C19 enzyme.

The pharmacist recommended avoiding these SSRIs in the future
and optimizing her current non-SSRI therapy to address her
symptoms. Potential drug therapy options include increasing the
dose of one or more of her current medications if sexual dysfunc-
tion is tolerable. In particular, patient may benefit from increase in
venlafaxine dose. Alternatively, this patient may benefit from
switching venlafaxine to a medication with serotonin agonist as
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well as reuptake inhibition effects, such as vilazodone, which may
be associated with less sexual dysfunction.

Discussion

Pharmacogenetic testing can help narrow drug therapy op-
tions for treatment of depression as well as predict or explain an
increased risk of adverse effects or inadequate treatment response
for selected antidepressants.1 In this case, although the patient
had genetic variability leading to decreased CYP2C19 activity, the
immediate treatment plan was not directly informed by her phar-
macogenetic test results. Rather, pharmacogenetic test results
identified antidepressant options that should be avoided in the
future. These test results also inform the use of other drugs that
are affected by decreased CYP2C19 activity (e.g., PPIs,
clopidogrel). As such, it is important to maintain lifetime docu-
mentation of pharmacogenetic test results in the patient’s elec-
tronic health record as their health conditions and drug therapies
continue to change.
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