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ABSTRACT

Introduction: Post-menopausal women with
osteoporosis > 70 years of age at high risk of
fracture urgently require treatment for fracture
prevention. Moreover, persistence with osteo-
porosis therapy is critical for real-world effec-
tiveness. We estimated persistence with
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denosumab in older women at high fracture risk
in clinical practice in Bulgaria.

Methods: Eligible participants were post-
menopausal women, > 70 years of age, diag-
nosed with osteoporosis (T-score < — 2.5) and
at high risk of fracture (> 3% for hip and > 20%
for major osteoporotic fracture) who received at
least one denosumab injection before enroll-
ment. Planned follow-up was 24 months. The
primary endpoint was persistence to deno-
sumab at 12, 18, and 24 months (defined as
receiving all denosumab injections within
6 months + 60 days of the previous injection).
Results: 250 women were enrolled across 12
Bulgarian endocrinology/rtheumatology prac-
tices; median follow up, 736 days. Mean (SD)
age was 75.8 (4.2) years; mean (SD) FRAX® was
13.1 (8.6) for hip and 26.1 (9.5) for major
osteoporotic fracture; 47 (18.8%) women had
prior osteoporosis therapy and 104 (41.6%) had
prior fracture. Denosumab persistence was high:
98.0%, 92.4%, and 84.4% at 12, 18, and
24 months, respectively. A total of 42 (16.8%)
women discontinued denosumab during fol-
low-up, mostly for financial reasons [25/42
(59.5%)] or loss to follow-up [8/42 (19.0%)].
After 24 months of denosumab treatment, BMD
T-score improvement to the range of osteopenia
(— 2.5 < T<— 1.5) was achieved by 42.4% at
the femoral neck, 23.6% at the lumbar spine,
and 49.2% at the total hip; complete recovery
(T-score > — 1.5) was observed in 9.0%, 26.4%,
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and 23.0% respectively. New fracture was
reported in S patients (2%).

Conclusions: Even in an elderly population,
persistence with denosumab was high despite
the challenge imposed by the 50% co-pay in
Bulgaria.

Trial Registration: Bulgarian Drug Agency,
NHUII-0009 (registered 28.06.2017); Central
Ethics Commission: N°KU-41  (registered
16.05.2017)

Keywords: Denosumab; Fracture; Medication
persistence; Osteoporosis; Rank ligand inhibitor

Key Summary Points

Why carry out this study?

Taking osteoporosis medication on time
and staying on medication (known as
persistence) is known to be critical for
reducing the risk of future fractures.

We wanted to estimate how many
women > 70 years old at high risk of
fracture and treated in Bulgarian clinical
practice take their six-monthly
denosumab injections on time over a
2-year period (as defined by receiving
every injection within 6 months

[£ 60 days]).

What was learned from the study?

Even in an elderly Bulgarian population,
most (98-84,8%) women at high fracture
risk were persistent with their denosumab
injections for up to 2 years and
experienced improved bone mineral
density, which is a measure of improved
bone strength.

The most common reason for not
receiving denosumab injections on time
was financial difficulty. In Bulgaria,
patients must pay 50% of the cost of
osteoporosis medication out of pocket,
which elderly patients may find
particularly difficult due to a fixed
income.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide and slide deck, to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.13280570.

INTRODUCTION

Osteoporosis is a well-characterized public
health problem that is growing with the aging
population in Europe [1]. In a Bulgarian epi-
demiological study, the prevalence of osteo-
porosis at the femoral neck in a sample of 1331
women aged > SOyears was 16.8%, while
46.5% had osteopenia [2]. The mean (SD)
10-year absolute fracture risk in this sample was
13.4% (9.2%) for major fractures and 2.8%
(5.2%) for hip fractures. Based on these data, it
was estimated that 21,476 incident fractures
occurred in 1.6 million Bulgarian women who
were > 50 years old in 2010 [3].

Osteoporosis remains substantially under-
diagnosed and undertreated in Bulgaria. The
treatment gap for women at high risk of fracture
has been estimated at 95% in Bulgaria [3]. This
is the largest treatment gap reported for any
European country [1] and may be due to low
reimbursement (25% before 2016) [3] and low
public healthcare spending as a proportion of
gross domestic product (4.52%). A recent cross-
sectional study of community-dwelling women
aged > 70 years, conducted across eight Euro-
pean countries, reported that three-quarters
(75%) of women at high fracture risk did not
receive OP treatment, ranging from 53% in
Ireland to 91% in Germany (Bulgaria was not
included) [4]. In the US, only 28% of patients
aged 50 and older who were hospitalized for hip
fracture received a prescription to treat osteo-
porosis in the 12 months after discharge [5]. Hip
fracture rates in the US, which had been
declining from 2007 to 2013, have been
increasing from 2014 to 2017 [6]. While the
reasons for this change in trend are not fully
understood, the severe treatment gap in osteo-
porosis may be part of the explanation.
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Many osteoporosis treatments are available,
including oral bisphosphonates. While oral
bisphosphonates are favored for their low cost,
they are plagued by low medication adherence.
Denosumab, a RANKL inhibitor administered
once every 6 months by subcutaneous injec-
tion, provides superior fracture risk reduction
compared to placebo [7] and superior gains in
bone mineral density (BMD) versus oral bis-
phosphonates [8, 9]. Denosumab is also associ-
ated with high medication persistence [10] and
cost-effectiveness [11]. In September 2011,
denosumab became commercially available in
Bulgaria as a treatment of osteoporosis in post-
menopausal women at increased risk of fractures
[12].In Bulgaria, patients must pay 50% of the cost
of their osteoporosis medication out of pocket.

Observational studies of patients in clinical
practice have shown that treatment persistence
is critical for real-world effectiveness, including
fracture risk reduction and BMD gains [13-17].
For example, among 35,537 women
aged > 45 years, those who persisted (defined as
a refill gap of < 30 days) with bisphosphonates
for 24 months had 23-45% lower risk of frac-
tures than those who did not persist [15]. In a
retrospective study across several European
countries, 12- and 24-month persistence with
denosumab was high, ranging from 87 to 95%
and 75 to 86%, respectively [18, 19]. In Bulgaria,
an observational study of postmenopausal
women aged > 50 years (mean age, 63 years)
reported higher persistence to denosumab at
24 months compared with monthly iban-
dronate (95.5 vs. 43.8%, respectively) [20]. To
date, there are no data from Bulgaria that
characterize persistence with denosumab in an
older population (> 70 years) at high fracture
risk. This population is at the highest risk of
fracture, especially hip fracture, which is asso-
ciated with significant morbidity and mortality.
While fracture risk can be assessed using the
online Fracture Risk Assessment Tool (FRAX®)
[21], BMD is a good independent predictor of
risk. In recent years, patients at high risk of
fracture have become a focus for healthcare
professionals, government agencies, and payers
alike, owing to the urgency for treatment in this
population.

This observational study was designed to
estimate persistence with denosumab at 12, 18,
and 24 months in post-menopausal women
with osteoporosis, aged > 70 years and at high
risk of fracture, in real-world clinical practice in
Bulgaria. Secondary objectives included patient
characteristics, denosumab medicine-taking
behavior, and changes in BMD.

METHODS

Study Design

This was a multicenter, retrospective/prospective,
observational study conducted at 12 sites in Bul-
garia. Planned follow-up was 24 months, though
data were collected beyond this point where
available. The study was approved by both the
Bulgarian Regulatory Agency and the Bulgarian
Central Ethics Commission. The study was per-
formed in accordance with the Declaration of
Helsinki and all subjects provided written
informed consent.

Participants

Eligible participants were women > 70 years of
age who had been referred to endocrinologists or
rheumatologists for osteoporosis diagnosis as
required in Bulgaria. Participants must have been
diagnosed with osteoporosis by dual X-ray
absorptiometry scan (T-score at the lumbar spine,
femoral neck or total hip < — 2.5), and had
received at least one injection of denosumab prior
to the approval of the protocol by the Bulgarian
Regulatory Agency and Bulgarian Central Ethics
Commission. The latter requirement was to avoid
the perception that the trial was designed to
induce prescription of denosumab. Fracture risk
was computed using the FRAX® online tool (UK
version) and the earliest values at or prior to first
denosumab injection. Participants must have met
FRAX® criteria for high fracture risk (either > 3%
risk for hip fracture or > 20% for major osteo-
porotic fracture). Women who had participated in
clinical or medical device trials in the last 6
months or who were receiving current osteo-
porosis therapy were excluded from the study.
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Vitamin D and calcium supplementation were
permitted. All participants provided written
informed consent before being enrolled in the
study.

Site Selection and Data Collection

Endocrinology or rheumatology sites were
selected based on the interest in participation
and the ability to enroll at least ten patients.
Geographic distribution of sites, and balance
between academic and private practice settings,
were also considered. Sites were to enroll
sequential patients.

Eligibility for enrollment and baseline data
including demographics and first denosumab
injection were collected retrospectively from
medical records over a period of up to 6
months. Patients were considered enrolled in
the prospective part of the study when they had
signed the informed consent. Data were col-
lected electronically from patient medical
records. Outcomes data were collected
prospectively for 24 months from the date of
first denosumab injection; measurements after
24 months, where available, were also collected.

Outcomes

The primary outcome consisted of two ele-
ments: (1) persistence with denosumab, defined
as no more than 60 days between scheduled
injections at 12, 18, and 24 months: and (2)
time to non-persistence (discontinuation) at 12,
18, and 24 months, defined as the total number
of days between the first denosumab injection
and the date a patient became non-persistent.
Patients who discontinued the study were con-
sidered non-persistent.

Secondary outcomes included baseline
demographics and disease characteristics;
number of denosumab injections received dur-
ing follow-up; change in BMD T-score and raw
T-score over time; osteopenia (— 2.5 <T< —
1.5) or complete recovery [T-score > — 1.5] at
the femoral neck, lumbar spine, and total hip;
BMD changes from baseline at the femoral
neck, lumbar spine, and total hip of < 0%, > 0
to<3%,>3% to<6% and> 6%  after

24 months; fractures and adverse drug reactions
(ADRs; safety events observed by the investiga-
tor or reported by the patient that occurred
during follow-up).

BMD

BMD measurements and T-score calculations
were performed per standard clinical practice in
Bulgaria (i.e., once a year using the same den-
sitometer). Baseline BMD and T-score values
were defined as the most recent BMD score
within the 6 months prior to the first deno-
sumab injection; measurements at 12 months
were recorded as the last measurement between
baseline and 12 months; measurements at
24 months were the last measurement between
12 and 24 months; measurements after
24 months were the last recorded (although the
planned follow-up was 24 months, data were
collected beyond this point).

Statistical Considerations

A sample size of 250 was determined to provide
acceptable precision for the 95% confidence
interval around the point estimate for persis-
tence considering the worst-case scenario where
the point estimate is 50% (43.8%, 56.2%). All
available data collected during follow-up were
included in the analysis with no imputation for
missing data. Demographic and clinical char-
acteristics were summarized descriptively.

The proportion of patients (95% CI) who
were persistent with denosumab at 12, 18, and
24 months (defined as no more than a 60-day
gap between injections) was estimated using
Kaplan-Meier methodology. The number of
days a patient had been persistent to deno-
sumab treatment was estimated with discon-
tinuation considered as a failure event.
Sensitivity analyses for the primary outcome
included persistence estimates for 30-day and
90-day gaps between injections. Post hoc sta-
tistical comparisons of gap length were per-
formed wusing the Chi-squared test (Suppl
Table S1). All statistical analyses and graphs
were performed using the R statistical package
in version 3.6.2.
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RESULTS
Disposition

The first patient was enrolled in July 2017 and
the last patient completed the study in
November 2019. A total of 250 eligible women
were enrolled in the study and 212 (84.4%)
completed the follow-up period of 24 months.
Of the 38 (15.2%) patients who discontinued
the study, 17 (44.7%) withdrew consent, eight
(21.1%) were lost to follow-up, two (5.3%) died,
one (2.6%) withdrew by decision of the inves-
tigator, one (2.6%) had an adverse event unre-
lated to denosumab, and nine (23.7%)
withdrew for the reason “other”. During follow-
up, 42 (16.8%) patients discontinued deno-
sumab; the most common reasons for discon-
tinuing denosumab were financial reasons in 25
patients (59.5%) and loss to follow-up in eight
patients (19%). Average follow-up, covering the
time span defined in the protocol (up to the
24th month), took 710.7 days (SD = 62.1), with
median = 730 days (363-730).

Patients

Patient characteristics are shown in Table 1.
Median age (Q1, Q3) was 75 (72, 79) years; 51
(20.4%) patients were over 80 years of age. A
prior fracture was documented in 104 patients
(41.6%). The 10-year probability of fracture risk
by FRAX® for major osteoporotic fracture ran-
ged from 8.5 to 65% with a median (Q1, Q3) of
25% (19, 31). For hip fracture, the probability
ranged from 3 to 56%, with a median (Q1, Q3)
of 11% (7, 17). A total of 47 patients had
received prior osteoporosis therapy, mainly
bisphosphonates (80.9%); where recorded, the
major reason for discontinuing bisphosphates
was lack of effect.

Persistence

For the primary endpoint, persistence with
denosumab (all refills within
6 months + 60 days) was high at 12, 18, and
24 months: 98.0, 92.4, and 84.4%, respectively
(Fig. 1). Figure2 shows the Kaplan-Meier

estimated persistence over time. Median time to
non-persistence at 12, 18, and 24 months could
not be estimated as the probability did not cross
50%; however, we can conclude that the med-
ian persistence time was likely to be at least
24 months. The main reasons for non-persis-
tence were medication discontinuation and
treatment delay (Table 2). Of the 19 patients
who discontinued denosumab, 13 (68.4%)
reported that the reason was financial. Sensi-
tivity analyses showed notably lower persis-
tence when a refill gap of 30 days was used, and
similar persistence when a 90-day gap was used
(Table S1).

Medication Usage

Most patients (82.8%) received all five sched-
uled denosumab injections during the study.
The median number of injections was 5 (range,
1-5).

BMD

At baseline, median BMD T-scores were — 2.7 at
the femoral neck, — 2.9 at the lumbar spine, and
— 2.6 at the total hip; after 24 months these
were — 2.5, — 2.5, and — 2.2, respectively
(Fig. 3a). BMD T-score s increased at each of the
locations over time, with participants achieving
a median increase of 0.3 at the femoral neck and
total hip, and 0.7 at the lumbar spine after
24 months (Fig. 3b). The percentage of patients
achieving osteopenia (— 2.5 < T< — 1.5) and
complete recovery (T-score > 1.5) at 12 and
24 months are shown in Fig. 4. After 24 months,
42.4, 23.6, and 49.2% of patients achieved
osteopenia at the femoral neck, lumbar spine,
and total hip, respectively. Complete recovery
was achieved by 9.0% of patients at the femoral
neck, 26.4% at the lumbar spine, and 23% at the
total hip. Evaluating BMD T-score change by
the increase achieved, 64% of patients
achieved > 6% increase at any location; 12%
achieved an improvement between 3 and 6%;
1% achieved 0-3%; and 23% achieved < 0%
improvement.
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Table 1 Bascline demographic and clinical characteristics

Patients (N = 250)

Age, years, median (Q1, Q3)
Age at menopause, years, median (Q1, Q3)
Fracture risk factors, 7 (%)
History of fracture
Parent fractured hip
Current smoking
Systemic glucocorticoid use
Rheumartoid arthritis
Secondary osteoporosis
> 3 units of alcohol per day
FRAX® 10-year probability, median (Q1, Q3)
Major osteoporotic fracture
Hip fracture
Previous osteoporosis therapy, 7 (%)

Bisphosphonates, 7 (% of 47)

75 (72, 79)
50 (46, 50)

104 (41.6%)
72 (28.8%)
20 (8.0%)
30 (12.0%)
22 (8.8%)
33 (13.2%)
0 (0%)

25% (19,31)
11% (7,17)
47 (18.8%)
38 (80.9%)

Main reason for discontinuing prior osteoporosis therapy in those with history of discontinuation, 7z = 20, 7z (% of 20)

Lack of effect

Financial reason

Adverse events
Calcium supplementation, 7 (%)
Vitamin D supplementation, n (%)
Most common comorbidities, 7 (%)

Cardiovascular

Musculoskeletal

Metabolic

Central nervous system

12 (60.0%)
3 (15.0%)

3 (15.0%)
160 (64.0%)
207 (82.8%)

158 (51%)
36 (11.6%)
30 (9.7%)
24 (7.7%)

FRAX® Fracture Risk Assessment Tool

Fractures

A total of six fractures were reported in five
patients (2%): two radius fractures and one each
of hip (0.4% hip fracture rate), vertebral, elbow,
and pubis fracture. One patient experienced two

fractures at the same time (radius and elbow).
Four fractures in four patients required hospi-
talization and three fractures in three patients
required surgical intervention.
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Fig. 1 Kaplan—Meier estimated probability with upper 95% CI of persistence with denosumab at 12, 18, and 24 months for
medication refill gaps of 60 days (primary endpoint)

100%

Probability of persistence
T
=
=

0%
0 12 18 24
Time in months

Cumulative number of events
|0 L} 19 34

Fig. 2 Kaplan—Meier estimated probability with 95% CI of persistence with denosumab over 24 months for medication

refill gaps of 60 days

Adverse Drug Reactions considered related to denosumab: breast cancer,
pancreatic cancer, ischemic stroke, and car-
Four adverse drug reactions were reported in ~ diopulmonary failure; both patients died.

two patients at any time following the first
injection of denosumab, none of which was
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Table 2 Reasons for non-persistence

Reason, # (%)

Patients (IV = 250)

12 months 18 months 24 months
Lost to follow-up 1 (0.4%) 3 (1.2%) 7 (2.8%)
Death 0 (0%) 1 (0.4%) 2 (0.8%)
Medication discontinuation® 1 (0.4%) 7 (2.8%) 19 (7.6%)
Dose delay 3 (1.2%) 8 (3.2%) 11 (4:4%)
Total 5 (2%) 19 (7.6%) 39 (15.6%)

* After medication discontinuation, patients were discontinued from the study and were no longer followed

Calcium and Vitamin D Supplementation

At baseline, 64% of patients were receiving cal-
cium and 83% patients were receiving vitamin
D. Calcium and vitamin D supplementation
improved after the first denosumab injection,
with 82-74% receiving calcium and 99-100% of
patients receiving vitamin D supplementation
over the course of the study. Calcium and
vitamin D supplements are paid out of pocket
by the patients in Bulgaria.

DISCUSSION

In this prospective observational cohort study
of 250 Bulgarian women over 70 years of age at
high risk of fracture, persistence with deno-
sumab injections was high (98% at 12 months
and 84% at 24 months). The main reasons for
non-persistence were discontinuation (mostly
due to financial reasons) and a longer gap
between medication refills than allowed
(i.e., > 60 days). The median age of our cohort
was 7S5years with 51 (20%) women over
80 years of age; 41.6% of patients had a prior
fracture, and the median FRAX® risk was 25%
for major osteoporotic fracture and 11% for hip
fracture. After 24 months of denosumab treat-
ment, BMD T-scores at the femoral neck, lum-
bar spine, and total hip had improved to the
range of osteopenia (— 2.5 <T<— 1.5) in
42.4%, 23.6% and 49.2% of patients respec-
tively, while complete recovery (T-score > —
1.5) was observed in 9.0, 26.4, and 23.0% of

patients, respectively. The majority of patients
(64%) achieved > 6% increase in BMD at any
location during the study. Two percent of
patients experienced a fracture during the
study. These results show generally high per-
sistence with denosumab accompanied by BMD
T-score gains in a population of Bulgarian
women at high risk of fracture.

Denosumab persistence observed in this
older high-risk population was better or com-
parable to that reported in other European
cohorts [18, 19, 22, 23] and substantially higher
than that reported in North America [24, 25].
However, compared with a prior study in a
younger cohort of Bulgarian women [20], we
observed lower 24-month denosumab persis-
tence (84 vs. 99%), possibly indicating that the
older group of patients enrolled in our study
may have experienced greater challenges in
remaining on treatment. In our study, the main
reason for discontinuing denosumab was
financial (59.5%), whereas only 20% of discon-
tinuations in the younger population [20] were
attributed to financial reasons. Thus, it appears
that this group of retired women on a pension
faced more difficulty in affording the 50%
copayment required for osteoporosis medica-
tions in Bulgaria.

A 60-day permissible gap is typically used
when defining persistence to osteoporosis
medication [18, 19, 24]. In sensitivity analyses,
we found that a 30-day gap notably reduced
persistence, whereas there was little difference
between 60- and 90-day gaps. Thus, while fewer
patients managed to refill denosumab within
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30 days, most achieved refill within 60 days. A
recent observational study in 2594 patients in
the UK showed that delays of less than
4 months in receiving denosumab were not
associated with increased fracture risk, while
delays of greater than 4 months increased frac-
ture risk [26]. With bisphosphonates however,
much shorter gaps had an impact on fracture

risk: in a claims-based study of 35,537 patients,
those who achieved refills of bisphosphonate
within 30 days had 23-45% lower fracture risk
[15]. The difference in acceptable refill gap
times is likely due to the shorter half-life of
bisphosphonates relative to denosumab.

In Bulgaria, the process of prescribing
osteoporosis treatment is complicated by
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reimbursement rules which require that spe-
cialists diagnose osteoporosis but allow only the
general practitioner to complete the reim-
bursement fund prescription. This burdensome
procedure requires patients to navigate a long
process and likely contributes to longer gap
times. Along with the 50% co-payment, elderly
patients in Bulgaria therefore face a challenging
path for adhering and persisting with osteo-
porosis treatment.

BMD is a known independent predictor of
fracture risk, with BMD T-score s of > — 2.5
associated with lower risk [27]. At baseline,

median BMD T-score s in our study were — 2.7
at the femoral neck, — 2.9 at the lumbar spine,
and — 2.6 at the total hip; at 24 months, median
scores were — 2.5, — 2.5, and — 2.2, respectively.
By comparison, in the younger Bulgarian cohort
noted above, median scores at baseline were —
3.2 at the lumbar spine and — 2.6 at the femoral
neck, followed by — 2.7 and — 2.4 respectively
at 24 months [20]. Therefore, the BMD T-score
changes were similar in these two studies. Of
note, recent clinical trial analyses suggest that
fracture risk continues to diminish at lower T-
score thresholds: evidence from the FREEDOM
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and ARCH trials suggest that a patient will
remain at high fracture risk of future fracture
until a total hip BMD T-score of — 1.5 is reached
[28, 29]. Treat-to-target strategies that include
T-score — 1.5 are now under discussion [30]. In
the present study, complete recovery (T-score >
— 1.5) was achieved by 9.0% of patients at the
femoral neck, 26.4% at the lumbar spine and
23.0% at the total hip.

We observed a fracture rate of 2% and a hip
fracture rate of 0.4% over 24-months follow-up
in our high-risk cohort of denosumab users,
comparable to that observed in the younger
cohort study in Bulgaria (1.3% and 0.45%,
respectively) [20]. These rates are low and
comparable to the annual fracture rates
observed in the 10-year data from the FREE-
DOM trial [31].

There are several limitations to this study.
Our results may not be generalizable to other
countries due to difference in patient popula-
tions and clinical practice. Based on reim-
bursement rules in Bulgaria, participants in our
study were diagnosed by specialists and there-
fore may not be comparable to patients diag-
nosed by non-specialists in other countries.
Patients were only eligible to receive deno-
sumab in Bulgaria at a T-score of < — 2.5,
therefore we could not include patients with
baseline T-scores > — 2.5, despite the fact that
such patients might have been at high fracture
risk after a fragility fracture and might have
been treated in other countries. Additionally,
the participants may have been motivated to
persist based on their participation in the study
and therefore the rate of persistence may have
been overestimated.

CONCLUSIONS

In this prospective observational study of
patients with osteoporosis at high risk of frac-
ture, we observed a high rate of persistence to
denosumab in Bulgarian clinical practice, with
84% of patients remaining on treatment at
24 months. Improvements in BMD T-score at all
locations along with a notable proportion of
patients achieving osteopenia or recovery sug-
gest that denosumab is effective in treating

patients at high risk of fracture in clinical
practice.
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