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Abstract

Summary This observational study assessed the impact on the fracture incidence of osteoporosis medications in postmeno-
pausal women in Germany. Continued treatment with osteoporosis medications was associated with reductions of fracture
rates in a real-world setting.

Purpose The efficacy of osteoporosis medications has been demonstrated in clinical trials, but a lack of evidence exists of
their real-world effectiveness. This real-world study assessed the treatment patterns and impact on the fracture incidence of
osteoporosis medications in postmenopausal women in Germany.

Methods This cohort study used data from the WIG2 benchmark database, a German anonymised healthcare claims database.
All women > 50 years of age with > 1 prescription for osteoporosis medication between 1 January 2013 and 31 December
2017 were included. The primary outcome was treatment effectiveness, evaluated as the change in fracture incidence after
initiating treatment. Fracture types included all fractures, clinical vertebral, hip and wrist/forearm. Fracture incidence was
assessed during the early-treatment period (0—3 months) and the on-treatment period (4—12, 13-24, 25-36 and 3748 months).
Results Baseline covariates and treatment patterns were determined for 41,861 patients. The median duration of therapy was
longer with denosumab (587 days) than with intravenous ibandronate (451 days), intravenous zoledronate (389 days) or oral
bisphosphonates (258 days). The baseline incidence rate of all fractures was higher in patients receiving denosumab than
in those receiving other treatments (87.6, 78.2, 56.6 and 66.0 per 1000 person-years for denosumab, oral bisphosphonates,
intravenous ibandronate and intravenous zoledronate, respectively). Rates of all fractures declined with continued denosumab
(by 38%, 50%, 56% and 67% at 12, 24, 36 and 48 months, respectively) and oral bisphosphonates (by 39%, 44%, 49% and
42%, respectively) treatment.

Conclusion Continued treatment with osteoporosis medications was associated with reductions of fracture rates in a real-
world setting.
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Introduction an increase in the risk of fractures [1]. It is estimated that
approximately 25.5 million women and 6.5 million men in
Osteoporosis is the most common bone disease in humans  the European Union (EU) have osteoporosis [2]. The annual
and is characterised by low bone mass and deterioration of =~ number of osteoporotic fractures in the EU is expected to
bone tissue. It can lead to compromised bone strength and  rise from 4.3 million in 2019 to 5.3 million in 2034 [2].
The incidence of fractures and type of fracture vary by geo-
graphic region [2, 3]. In the EU, Germany has the highest
number of fractures, approximately 800,000 incident frac-
tures in total, owing to the large population size and com-
' Amgen Ltd, Uxbridge, UK paratively high fracture rate [2]. This figure is predicted to
Amgen, Munich, Germany increase over time because of the ageing population [4].
It is well established that osteoporosis is associated with
a poor health-related quality of life [5]. Osteoporosis-related
fractures not only have an enormous impact on patients’
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The cost of osteoporosis in the EU has been estimated at
approximately €37 billion.

Current treatments for osteoporosis aim to inhibit bone
resorption and/or stimulate bone formation [6]. Anti-resorp-
tive therapies, such as bisphosphonates or denosumab, are
used to increase bone strength in individuals with osteo-
porosis, and they are the most commonly used therapies in
the treatment of osteoporosis [7]. According to the German
osteoporosis guidelines, the recommended medications for
fracture risk reduction in postmenopausal women are anti-
resorptive agents (alendronate, denosumab, ibandronate,
risedronate or zoledronate), hormone replacement therapy
(HRT; oestrogen and progesterone), parathyroid hormones
(teriparatide) and selective oestrogen receptor modulators
(bazedoxifene or raloxifene) [8]. The efficacies of current
treatments for osteoporosis have been demonstrated in clini-
cal trials [9—12], but there is a lack of evidence of their real-
world effectiveness in the German population [8].

Real-world studies are critical in providing evidence of
treatment effectiveness in clinical practice [13]. Indeed,
although randomised clinical trials (RCTs) provide robust
evidence in evaluating the safety and efficacy of new thera-
peutic agents, limiting inclusion and exclusion criteria
mean that trial populations are often not representative of
the patient populations found in clinical practice [14]. The
patient populations in real-world studies are more repre-
sentative of clinical practice than those selected in RCTs.
Furthermore, real-world studies can have a larger sample
size and assess treatment patterns across a much broader
range of outcomes [14, 15].

The aim of this cohort study was to assess the treatment
patterns and impact of osteoporosis medications on frac-
ture incidence in postmenopausal women in routine care in
Germany. Treatment effectiveness was assessed within indi-
vidual treatment cohorts, by examining longitudinal changes
in the fracture incidence from the initiation of treatment.

Methods
Population and data source

This retrospective cohort study used pre-existing claims
data from the Scientific Institute for Health Economics and
Health Systems Research (Wissenschaftliches Institut fiir
Gesundheitsokonomie und Gesundheitssystemforschung
[WIG2]) benchmark database, a German anonymised
healthcare claims database with longitudinal data on
approximately 4.5 million Germans. The dataset, shown to
be representative of the German statutory health insurance
population with regard to age, sex and morbidity, [16] cov-
ered a time period limited to 2011-2018, with claim codes
and algorithms for defining outcomes and covariates based
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on published studies with agreement between all collaborat-
ing study parties (Amgen, Kantar, WIG2).

Patients were eligible for inclusion if they were women
50 years of age or older (consistent with previously pub-
lished clinical data [17, 18] and represents the mean age of
menopause of German women. In addition, postmenopau-
sal women or women over the age of 50 have the greatest
risk of developing osteoporosis [19]) and had received a
prescription for at least one of the following osteoporosis
medications between 1 January 2013 and 31 December
2017: denosumab; intravenous bisphosphonates (iban-
dronate or zoledronate); oral bisphosphonates; teriparatide;
raloxifene; or HRT (a combination of progesterone and oes-
trogen, or oestrogens alone for women who had undergone
a hysterectomy). Patients were excluded if they had less
than 24 months of available medical history, a diagnosis
of another disease that had a possible influence on bone
health (e.g. active cancer of any kind, Paget’s disease or
osteogenesis imperfecta), or had received a prescription of
the first osteoporosis medication used (i.e. index treatment)
in the past 24 months (pre-index treatment). Patients were
permitted to have received treatments other than the index
treatment in the past 24 months but were not permitted to
have received a prescription of the index treatment in the
past 24 months. To reduce selection bias, the selection of
patients was not based on a sampling method, and the entire
cohort was observed, regardless of treatment, health status
(except for patients with cancer or Paget’s disease) or other
considerations.

A minimum follow-up period of 6 months was required to
analyse the fracture risk. Patients were assigned to only one
treatment group, according to the order used above, based
on a hierarchical approach published previously [20]. The
index date was defined as the first use of the index treatment
between 1 January 2013 and 31 December 2017. The follow-
up period started on the index date and ended on the first of
the following events: discontinuation of or switch from the
index treatment; patient death; end of insurance; or calendar
date 31 December 2018.

Outcomes

The primary outcome of the study was the evaluation of the
change in fracture risk after treatment initiation for postmen-
opausal women receiving osteoporosis treatment. The analy-
sis was carried out for the whole population and was strati-
fied by the type of treatment and type of fracture. Fractures
were defined by the occurrence during the follow-up period,
including the date of either: one inpatient diagnosis; or one
outpatient diagnosis in combination with a fracture-related
inpatient or outpatient procedure. Fracture types included
the following osteoporosis-related fractures: all fractures
(hip, clinical vertebral, wrist/forearm, humerus, clavicle,
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pelvis, femur) or according to selected fracture types: clini-
cal vertebral; hip; or wrist/forearm (Supplementary Table 1).
Patients may experience multiple fractures over the study
period, and all fractures were considered in the analysis
of fracture outcomes. Fracture diagnoses occurring within
3 months of each other and associated with fractures of the
same body part were considered the same fracture event.
Treatment patterns were estimated, including treatment
duration and switch from index treatment. Treatment dura-
tion was measured as continuous treatment with the index
treatment until a gap of more than 60 days, without either
filling a new prescription after the expected refill date or
a switch to another treatment. Treatment switching was
defined as starting a new therapy within the 60-day window.

Fracture incidence rates’ assessment

The fracture incidence rate (per 1000 person-years) was
assessed during the following periods consistent with pre-
viously described real-world effectiveness studies [17, 20]
(Fig. 1): (1) the initial 3-month period after starting therapy
(which was chosen to represent the baseline fracture risk
used in previous longitudinal studies of real-world effective-
ness [17, 20] which is based on observations from clinical
studies of bisphosphonates and denosumab which show no
clear effect on fracture outcomes versus placebo for at least
the first 6 months [21, 22]) and (2) the on-treatment period,
which was defined as the subsequent time on-treatment after
the first 3 months post-index until the end of follow-up.

Fracture incidence rates were assessed in the early-
treatment period to establish the baseline fracture risk, and
treatment effectiveness was evaluated as the change in frac-
ture incidence rates from the early-treatment period using
an own-control analysis [20]. Fracture incidence rates were
compared between the early-treatment and on-treatment
periods using incidence rate ratios (IRRs). The on-treatment
period was assessed for the periods 4—-12, 13-24, 25-36 and
37—-48 months after index.

The change in fracture risk was assessed using an as-
treated analysis approach, in which patients were followed

24-month baseline period
for assessment of
fixed covariates

Fig. 1 Schematic showing the
pre-index, early-treatment and
on-treatment periods

from the index date until the earliest of either treatment dis-
continuation, a switch to a different treatment group, patient
death or calendar date 31 December 2018.

Statistical analysis

Descriptive statistics were calculated for all study variables.
For categorical variables, the absolute number of patients
and the proportion of patients relative to the total sample
size in each treatment group were reported. For each treat-
ment group, IRRs with 95% confidence intervals (CIs) were
reported. A post hoc trend analysis was conducted using a
weighted linear model to assess the change in fracture rates
over time, during on-treatment periods. A conditional Pois-
son regression analysis was conducted to explore the impact
of age during periods of longer follow-up in an elderly popu-
lation. The regression coefficient estimated the difference in
the log of the expected fracture counts over the whole study
period for a given predictor variable (i.e. an additional year
of age given while other variables remain constant). IRRs
were estimated to compare fracture incidence rates with
adjustment for age as a potential time-varying confounder.
Missing data were not imputed.

Results
Patient characteristics

In total, 95,802 women 50 years of age or older who
received an osteoporosis medication were identified
(Fig. 2). Patients with less than 24 months of available
baseline data prior to the index date were excluded, reduc-
ing the sample size to 88,216. Excluding patients with evi-
dence of active cancer of any kind, Paget's disease or oste-
ogenesis imperfecta further reduced the number of patients
to 73,775. Only newly treated patients who met the above
criteria and had not received a prior prescription of the

First 3 months
after treatment
initiation

Follow-up period
for outcome

Pre-index period

Early-treatment

period

Initiation
of index
treatment

—» Time

Treatment effect within cohort
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Fig.2 Patient flow diagram
N = 95,802

All postmenopausal women aged = 50 years with
at least one prescription for osteoporosis medication
between 1 January 2013 and 31 December 2017

Excluding patients with < 24 months of patient history
(available data) before the index date

Excluding patients with evidence of active cancer of any
type, Paget's disease or osteogenesis imperfecta

Excluding patients with index treatment during baseline
(analysis of baseline characteristics and treatment patterns)

Excluding patients with < 6 months of follow-up after the
index treatment (fracture risk analyses only)

n=41,638

index treatment in the baseline period were included.
Baseline covariates and treatment patterns were deter-
mined for 41,861 patients who met the above criteria. In
total, 41,638 patients had a minimum follow-up period of
6 months for analysis of fracture risk.

Patient characteristics were reported for all therapies
(Table 1). Mean age was similar among patients receiv-
ing anti-resorptive therapies, including denosumab, oral
bisphosphonates, intravenous ibandronate and intravenous
zoledronate. Of note, patients who were receiving HRT
were younger than those in the other treatment groups
(Table 1). The Charlson comorbidity index weight was
highest in the teriparatide group (2.84) followed by the
denosumab group (2.24) and was lowest in those receiv-
ing HRT (0.87).

Patients receiving teriparatide as their index treatment
had higher rates of baseline comorbidities than those in
other treatment groups (Table 1). Patients receiving anti-
resorptive agents had similar levels of comorbidities with
the exception of moderate or severe renal disease, which
was highest in the denosumab group (20%, 13%, 13% and
8% for denosumab, oral bisphosphonates, intravenous
ibandronate and intravenous zoledronate, respectively).

Previous use of osteoporosis treatment was highest in
patients who received denosumab (54%) and lowest in
those who received oral bisphosphonates (4%). A prior
fracture had been experienced by similar proportions of
patients who received denosumab (16%) and intravenous
or oral bisphosphonates (13—17%) and was much higher in
those who received teriparatide (56%) (Table 1).

@ Springer

Treatment patterns

Treatment patterns during follow-up are described in Table 2
and Supplementary Fig. 1. The median duration of therapy
was longer with denosumab (587 days) than with intravenous
ibandronate (451 days), intravenous zoledronate (389 days)
or oral bisphosphonates (258 days) (Table 2). Patients
receiving denosumab who had previously received osteo-
porosis therapy had a longer median duration of treatment
(614 days) than those with no prior therapy (560 days). This
pattern was repeated for the intravenous bisphosphonates
but reversed for oral bisphosphonates. Treatment switching
was infrequent. In each treatment group, fewer than 3% of
patients switched from their index treatment during the study
period, and most patients discontinued the index treatment
without switching.

Fracture incidences

Figure 3 shows fracture incidences during different peri-
ods following initiation of treatment, and Table 3 shows
IRRs comparing the change in the fracture rate from the
early-treatment period to subsequent on-treatment periods.
The incidence rate of all fractures during the early-treat-
ment period was highest in patients receiving denosumab
as compared with those receiving other anti-resorptive
therapies (87.6, 78.2, 56.6 and 66.0 for denosumab, oral
bisphosphonates, intravenous ibandronate and intravenous
zoledronate, respectively) (Fig. 3a). The incidence rate for
clinical vertebral fractures in the early-treatment period was
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Table 1 Baseline patient demographics and clinical characteristics

Demographic or character- Denosumab  Oral bispho- Intravenous Intravenous Teriparatide Raloxifene HRT (N=22,889)
istic (N=3495) sphonates ibandronate zoledronate (N=43) (N=120)
(N=13,134) (N=1801) (N=379)
Age, years, mean 72.8 71.9 71.9 69.5 72.2 68.0 56.4
Age group, years, n (%)
50-59 297 (8) 1591 (12) 191 (11) 60 (16) 8(19) 32(27) 17,975 (79)
60-69 848 (24) 3265 (25) 459 (25) 123 (32) 409 33 (28) 3152 (14)
70-79 1520 (43) 5477 (42) 797 (44) 145 (38) 23 (53) 37(31) 1468 (6)
>80 830 (24) 2801 (21) 354 (20) 51(13) 8(19) 18 (15) 294 (1)
Mean CCI weight 224 2.06 2.03 1.92 2.84 1.22 0.87
Comorbidities®, n (%)
Congestive heart failure 655 (19) 2401 (18) 284 (16) 60 (16) 17 (40) 10 (8) 896 (4)
COPD 478 (14) 1867 (14) 236 (13) 41 (11) 10 (23) 6(5) 1245 (5)
Depression 1176 (34) 4166 (32) 645 (36) 136 (36) 22 (51) 23 (19) 7192 (31)
Epilepsy 507 (15) 1594 (12) 236 (13) 55 (15) 8(19) 13 (11) 1415 (6)
Hyperlipidaemia 1802 (52) 6696 (51) 908 (50) 166 (44) 20 (47) 50 (42) 6278 (27)
Moderate or severe renal 683 (20) 1714 (13) 230 (13) 32 (8) 10 (23) 11 (9) 621 (3)
disease
Renal insufficiency 565 (16) 1538 (12) 209 (12) 26 (7) 8(19) 7 (6) 512 (2)
Rheumatoid arthritis 476 (14) 1284 (10) 209 (12) 64 (17) 5(12) 7 (6) 788 (3)
Senility 240 (7) 736 (6) 113 (6) 15 4) 6 (14) 5(4) 115 (1)
Type 1 or 2 diabetes 565 (16) 2429 (18) 307 (17) 58 (15) 8(19) 15 (13) 1866 (8)
Prior medication, n (%)
Proton pump inhibitors 2147 (61) 7263 (55) 1158 (64) 244 (64) 36 (84) 53 (44) 8788 (38)
Systemic glucocorticoids 648 (19) 2279 (17) 352 (20) 90 (24) 11 (26) 8(7) 1627 (7)
Osteoporosis history, n (%)
BMD test 924 (26) 2051 (16) 411 (23) 79 (21) 10 (23) 22 (18) 187 (1)
Prior osteoporosis treat- 1901 (54) 587 (4) 872 (48) 180 (47) 4 9) 12 (10) 1198 (5)
ment
Prior fracture, n (%)
Any 574 (16) 2284 (17) 261 (14) 48 (13) 24 (56) 8(7) 178 (1)
Clinical vertebral 307 (9) 1155 9) 127 (7) 30 (8) 17 (40) 4(3) 28 (<1)
Hip 105 (3) 555 4) 56 (3) 8(2) 5(12) 2(2) 11 (<1
Wrist/forearm 98 (3) 356 (3) 44 (2) 6(2) 2(5) 1(1) 59 (<1

#Comorbidities included are based on risk factors listed in the DVO guidelines. Comorbidities present in less than 5% of patients in all treatment
cohorts were not listed: chronic inflammatory bowel disease, monoclonal gammopathy, nutritional deficiencies or eating disorders, and Parkin-

son’s disease

BMD, bone mineral density; CCI, Charlson comorbidity index; COPD, chronic obstructive pulmonary disease; DVO, Dachverband Osteologie;

HRT, hormone replacement therapy

also highest in those receiving denosumab as compared with
those receiving oral bisphosphonates, intravenous iban-
dronate or intravenous zoledronate (50.7, 39.9, 24.9 and
33.0, respectively) (Fig. 3b).

A reduction in the incidence rate for all fractures was
observed during treatment with all medications, with the
exception of intravenous zoledronate at 37-48 months
(Fig. 3a). In the denosumab cohort, rates of all fractures
declined from the early-treatment period (0—3 months
after treatment initiation) to the first on-treatment period
(4-12 months after treatment initiation) and continued to

decline in the subsequent 12-month on-treatment periods
(decreases from the early-treatment period of 38%, 50%,
56% and 67% at 12, 24, 36 and 48 months, respectively).

The rates for all fractures in the oral bisphosphonates
cohort were lower during all on-treatment periods than
the early-treatment period (decreased by 39%, 44%, 49%
and 42% at 12, 24, 36 and 48 months, respectively). The
incidence rates of all fractures fluctuated in the intrave-
nous ibandronate cohort, declining during months 4-12,
then increasing during months 25-36, and declining again

@ Springer
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Table 2 Treatment durations

Deno- Oral bispho- Intravenous Intravenous Teriparatide Raloxifene HRT (N =22,889)
sumab sphonates ibandronate zoledronate (N=43) (N=120)
(N=3495) (N=13,134) (N=1801) (N=379)
Median (IQR) treatment duration (days)?
Overall 587 (701) 258 (638) 451 (683) 389 (457) 442 (559) 160 (591) 149 (269)
No prior 560 (817) 259 (637) 372 (689) 358 (399) 473 (559) 160 (553) 149 (265)
treatment
Prior treat- 614 (709) 234 (647) 501 (727) 559 (696) 356 (385) 84 (732) 148 (341)

ment

#Treatment duration was measured as continuous treatment with index therapy until a gap of more than 60 days without filling a new prescrip-

tion after the expected refill date or treatment switching occurred

HRT, hormone replacement therapy; IQR, interquartile range

Fig. 3 Fracture incidence rate
during the early-treatment
period (0-3 months) and on- 180 -

Q

M 0-3 months

treatment periods (4—12, 13-24, 160 4
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80
60
40
20

o
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Denosumab

n= 3476 3461 2482 1455 795

during months 37-48 (decreases from the early-treatment
period of 31%, 22%, 2% and 43%, respectively).

The pattern of clinical vertebral fracture rates was simi-
lar to that observed for all fractures. Denosumab patients
had the highest rate of clinical vertebral fractures during
the early-treatment period, and the incidence rates were
lower during on-treatment periods in all treatment cohorts
(decreased by 62-74%). Fracture incidence rates were also

@ Springer

M 4-12 months

13,075 8596 5712 3238 1712

W 4-12 months

13,075 8596 5712 3238 1712

All fractures

M 13-24 months 25-36 months 37-48 months

76.2

60.1 51.8

45.6

47.7 438 39.5

Oral bisphosphonates Intravenous ibandronate Intravenous zoledronate

1789 1543 1029 563 288 379 361 192 122 62

Clinical vertebral fractures
M 13-24 months 25-36 months 37-48 months

33.0

39.9 23.0

249 225

16.3 19.4

0.0 0.0

Oral bisphosphonates Intravenous ibandronate Intravenous zoledronate

1789 1543 1029 563 288 379 361 192 122 62

lower in the oral bisphosphonate cohort (decreased by
53-72%) and the intravenous ibandronate cohort (decreased
by 22-65%).

The incidence rates of hip fractures in all cohorts were
lower than the incidence rates of clinical vertebral frac-
tures. In the denosumab cohort, hip fracture rates declined
in each subsequent treatment period (decreases from the
early-treatment period of 17%, 24%, 55% and 83% at 12,
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Fig.3 (continued) c
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24, 36 and 48 months, respectively). In the oral bispho-
sphonate cohort, hip fracture rates were also lower dur-
ing on-treatment periods than the early-treatment period
(decreases from the early-treatment period of 37%, 30%,
34% and 57% at 12, 24, 36 and 48 months, respectively).

The rate of wrist/forearm fractures did not appreci-
ably change during 36 months of treatment in any of the
cohorts.

Analysis of trends over time in the denosumab cohort
showed a decrease in fracture rates per on-treatment period
of —8.36,—2.01,—2.15 and — 1.46 per 1000 person-years
for all, clinical vertebral, hip and wrist/forearm frac-
tures, respectively. The same analysis in the oral bispho-
sphonate cohort showed changes per on-treatment period
of —2.09,-2.16,—0.44 and 4+ 1.46 per 1000 person-years.

Patient and/or event numbers were low in the intravenous
zoledronate, teriparatide, raloxifene and progesterone and
oestrogen combination cohorts, leading to wide 95% Cls;
particularly at later time periods and for individual fracture
types (Fig. 3 and Supplementary Fig. 2). Nonetheless, the
incidence rate of all fractures in the intravenous zoledronate
cohort appeared to decline during the first 36 months of
treatment.

Hip fractures

W 4-12 months M 13-24 months 25-36 months 37-48 months

254

Intravenous zoledronate

Intravenous ibandronate

Oral bisphosphonates

13,075 8596 5712 3238 1712 1789 1543 1029 563 288 379 361 192 122 62

Wrist/forearm fractures

W 4-12 months M 13-24 months 25-36 months 37-48 months

225

Intravenous ibandronate Intravenous zoledronate

Oral bisphosphonates

13,075 8596 5712 3238 1712 1789 1543 1029 563 288 379 361 192 122 62

Stratified analysis

In analyses stratified by prior fracture, the incidence of all
fractures during the early-treatment period was 1.8- to 2.7-
fold higher among patients with a prior fracture than those
with no history of a fracture (Supplementary Fig. 3). Con-
sistent with the overall analysis, the incidence rate of all
fractures declined during continued treatment with deno-
sumab, oral bisphosphonates or intravenous ibandronate, in
patients with or without prior fracture. In analyses stratified
by prior osteoporosis treatment, incidence rates of all frac-
tures during the early-treatment period were 1.4-3.8 times
higher among patients with no prior osteoporosis treat-
ment than those who had a prior treatment (Supplementary
Fig. 4). Fracture incidence rates during treatment declined
in both groups, and successive reductions in the fracture rate
were observed with continued denosumab treatment regard-
less of treatment history.

Sensitivity analysis

A Poisson regression analysis showed that per year of age-
ing, the risk of a fracture increased by 5% across all fractures

@ Springer
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Table 3 IRRs comparing fracture incidence rates during the early-treatment period (0-3 months) with the on-treatment periods (4—12, 13-24,

25-36 and 37—48 months) in patients receiving anti-resorptive therapy

Time (months) Denosumab Oral bisphosphonates Intravenous ibandronate Intravenous zoledronate
N IRR (95% CI) N IRR (95% CI) N IRR (95% CI) N IRR (95% CI)
All fractures
4-12 120 0.62 (0.47-0.83) 249 0.61 (0.51-0.73) 36 0.69 (0.41-1.15) 16 0.91 (0.36-2.33)
13-24 83 0.50 (0.36-0.68) 192 0.56 (0.46-0.68) 34 0.78 (0.46-1.30) 9 0.79 (0.28-2.21)
25-36 42 0.44 (0.30-0.65) 95 0.51 (0.40-0.64) 23 0.98 (0.56-1.73) 0.34 (0.07-1.67)
37-48 18 0.33 (0.19-0.56) 56 0.58 (0.44-0.78) 6 0.57 (0.23-1.39) 3 1.15 (0.29-4.62)
Clinical vertebral fractures
4-12 43 0.38 (0.25-0.59) 99 0.47 (0.36-0.62) 8 0.35 (0.14-0.87) 6 0.68 (0.17-2.73)
13-24 29 0.30 (0.19-0.48) 61 0.35 (0.26-0.48) 10 0.52 (0.22-1.22) 4 0.70 (0.16-3.12)
25-36 14 0.26 (0.14-0.47) 27 0.28 (0.19-0.43) 8 0.78 (0.31-1.93) - -
37-48 9 0.32 (0.15-0.65) 20 0.41 (0.25-0.66) 3 0.65 (0.18-2.33) - -
Hip fractures
4-12 19 0.83 (0.38-1.84) 44 0.63 (0.41-0.97) 8 0.96 (0.29-3.18) 0.34 (0.02-5.46)
13-24 15 0.76 (0.33-1.74) 41 0.70 (0.45-1.09) 7 1.00 (0.29-3.42) 3 1.57 (0.16-15.09)
25-36 5 0.45 (0.15-1.33) 21 0.66 (0.39-1.12) 2 0.53 (0.10-2.92) - -
37-48 1 0.17 (0.02-1.36) 7 0.43 (0.19-0.96) - - 1 2.31(0.14-36.93)
Wrist/forearm fractures
4-12 26 1.02 (0.49-2.12) 39 0.75 (0.47-1.22) 11 0.75 (0.29-1.94) 6 2.05 (0.25-17.01)
13-24 20 0.91 (0.43-1.95) 40 0.92 (0.57-1.49) 7 0.57 (0.20-1.63) - -
25-36 12 0.96 (0.42-2.23) 22 0.93 (0.53-1.61) 6 0.92 (0.31-2.73) 1 1.01 (0.06-16.14)
3748 3 0.46 (0.13-1.68) 16 1.32 (0.71-2.42) 0.34 (0.04-2.77) - -

CI, confidence interval; IRR, incidence rate ratio; N, number of fractures

(IRR=1.05, 95% CI: 1.04-1.05). Analysis of specific types
of fractures showed that the risk of fracture increased per
year of ageing by 2—-8%.

Discussion

The present study assessed the characteristics of post-
menopausal women receiving treatment for osteoporosis in
Germany and the impact of treatment on the occurrence of
osteoporosis-related fractures. These data demonstrate that
all standard therapies for osteoporosis reduced the fracture
incidence rate during treatment. Notably, during treatment
with denosumab, the incidence rates of all fractures and hip
fracture continued to decline for up to 48 months of treat-
ment. The baseline fracture risk appeared lowest in patients
receiving HRT or raloxifene followed by those receiving oral
and intravenous bisphosphonates or denosumab and high-
est in those receiving teriparatide. The HRT and raloxifene
cohorts were younger in age than other treatment cohorts
and had fewer comorbidities, less bone mineral density
(BMD) testing and fewer prior fractures, indicating a pre-
dominantly primary prevention strategy in these patients.
The treatment duration was longer with denosumab
than with other anti-resorptive therapies. These results are

@ Springer

consistent with the findings of a previous study, which dem-
onstrated that persistence with denosumab was 1.5-2 times
higher than with intravenous or oral bisphosphonates [23]. In
our study, patients receiving denosumab who had previously
received osteoporosis therapy also had longer median dura-
tion of treatment than those with no prior therapy. However,
patients receiving oral bisphosphonates who had previously
received osteoporosis therapy had a shorter median duration
of treatment than those with no prior therapy. These results
are consistent with the findings of the study by Freemantle
et al., which showed that patients reported greater satisfac-
tion with denosumab and preferred it over oral alendronate
[24].

The efficacy of osteoporosis medications has been dem-
onstrated in RCTs [21, 25-27]. In a large meta-analysis of
RCTs evaluating the risk of hip, vertebral or non-vertebral
fractures in postmenopausal women, a significant reduction
in fracture risk was observed with osteoporosis therapies
[26]. In a recent meta-regression analysis of 69 RCTs, it
was demonstrated that anti-resorptive treatments were ben-
eficial for fracture risk reduction among postmenopausal
women [27]. Furthermore, in the FREEDOM study, a large
randomised study of denosumab in postmenopausal women
with osteoporosis, denosumab reduced the risk of verte-
bral fractures by 68% compared with placebo in addition to
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demonstrating significant reductions in non-vertebral and
hip fracture risk [21].

Although clinical trial data have demonstrated that
anti-resorptive agents can reduce the risk of fractures, it
is important to understand whether osteoporosis medica-
tions reduce fracture rates in the real-world population of
postmenopausal women with osteoporosis. A study using
an own-control analysis of Swedish registry data showed
that fracture incidence declined after treatment with oral or
intravenous bisphosphonates [17]. When the same method
was applied to the US Medicare database, it was found that
the fracture incidence similarly declined after treatment with
denosumab, zoledronic acid, teriparatide or oral bisphospho-
nates [20]. Such treatment effectiveness data have not been
reported in Germany, where patient risk factors and treat-
ment patterns may differ from those previously reported in
other countries [3]. Indeed, to our knowledge, this is the first
time this particular dataset of claims data has been examined
to assess fracture rates in Germany. Furthermore, in the cur-
rent analysis we have examined the fracture incidence during
different follow-up periods, allowing an evaluation of the
change in fracture rate over time.

The current study uses a previously described real-world
effectiveness method: a within-cohort analysis that can
determine the change in fracture risk after treatment initia-
tion [17, 20]. Using this approach, patients act as their own
controls and are followed from treatment initiation through
follow-up, which accounts for confounders that remain sta-
ble over time. In this study, the first 3 months after treatment
initiation were chosen to represent the baseline fracture risk:
prior clinical studies have shown little difference in the inci-
dence of fracture outcomes between denosumab and placebo
for at least 6 months after treatment initiation [21]. Further-
more, recent studies have used fractures occurring in the first
3 months as ‘negative control outcomes’ to detect residual
confounding on the assumption that there is no measurable
treatment effect on fracture within the first 3 months and
that this, therefore, represents a measure of baseline fracture
risk [28]. In this real-world study, using this within-cohort
approach, these data show that continued treatment with
osteoporosis medications is associated with reductions of
fracture rates in clinical practice. The incidence rate of all
fractures and clinical vertebral fractures during the early-
treatment period was highest in those receiving denosumab,
as compared with those receiving other anti-resorptive thera-
pies, indicating that the baseline fracture risk at treatment
initiation was highest in the denosumab group. Ongoing
treatment with denosumab led to continued decreases in the
incidence rates of these fractures, as well as of hip frac-
tures; this pattern of continued decline in fracture risk was
not observed in other treatment groups. These observations
are consistent with results from clinical studies: longer-term
treatment with denosumab (up to 10 years in the FREEDOM

extension study) was associated with continued increases in
BMD and additional reductions in non-vertebral fractures
[29, 30]. In contrast, clinical studies of bisphosphonates
showed no additional fracture reductions with prolonged
treatment [31-33].

In recent years, the choice of therapies available for the
treatment of postmenopausal osteoporosis has increased sig-
nificantly [34]. However, despite the availability of a wide
range of effective therapies, a large proportion of women
with osteoporosis in Germany are not receiving treatment
[35]. This treatment gap is as high as 90% among women
older than 70 years old of age who are at increased risk of
fracture, 76% in those eligible for treatment [2] and 60%
among those with an osteoporotic fracture [36]. The treat-
ment gap has increased across Europe in the past 10 years
and remained largely unchanged in Germany [2]. The causes
of the continued treatment gap are unclear, but strategies to
improve the provision of treatment to individuals at high risk
of fracture will include increasing awareness among patients
and physicians of the burden of osteoporosis, targeted risk
assessment, and prioritisation of osteoporosis in national
policy [2, 37].

A limitation of this study in the analysis of fracture inci-
dence rates is the small numbers of patients and fracture
events in some treatment cohorts and stratification groups.
This was apparent in the intravenous zoledronate cohort,
which included only six events of any fracture in the early-
treatment period, and led to variation in point estimates
for fracture over time and wide CIs in estimates of fracture
incidences and IRRs. In general, this study is susceptible to
the limitations associated with observational studies using
administrative claims data. Fracture outcomes were deter-
mined using algorithms previously validated or used in other
studies; although this approach may not eliminate misclas-
sification, we do not anticipate any differential misclassifi-
cation based on treatment. Another limitation concerns the
use of the within-cohort approach in which patients act as
their own controls. Although this method accounts for con-
founders that remain stable over time, it does not account for
risk variables that may change over time including differ-
ential censoring between cohorts, weight/body mass index
and comorbidities. Fracture rate data for treatments not in
the anti-resorptive class are included in the supplemental
material for completeness, but conclusions cannot be drawn
on effectiveness owing to the small event numbers. There
were differences in fracture risks between treatment groups
(as demonstrated by differences in the fracture incidence
rate during the early-treatment period), and no adjust-
ments were made for differences in fracture risks between
groups; therefore, direct comparisons of relative treatment
effects between therapies should be avoided. Given that the
risk of fractures within the treatment cohort was assessed
in successive periods, distortions may occur owing to the
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increased age and the associated increase in fracture risk.
However, the maximum on-treatment follow-up period did
not exceed 48 months, so the age-related increase in frac-
ture risk is expected to be minimal. A Poisson regression
analysis found that the incidence of any fracture increased
by 5% per additional year of age at index. Nonetheless, the
fracture incidence rate during the on-treatment periods gen-
erally remained below that during the early-treatment period
in the denosumab, oral bisphosphonates and intravenous
ibandronate cohorts. A post-treatment analysis was beyond
the scope of this study; however, it would be of interest in
future studies to examine the fracture rates after treatment
discontinuation.

In conclusion, in this real-world study, continued treat-
ment with osteoporosis medications was associated with
reductions of fracture rates. Continued reductions in frac-
ture incidence were observed with denosumab treatment for
up to 4 years. Differences in early-treatment period fracture
rates indicate that patients’ individual fracture risk should
be considered when selecting treatment options.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11657-022-01156-z.

Acknowledgements The authors would like to thank Sinéad Flannery,
PhD, of PharmaGenesis London, London, UK, for medical writing
support.

Authors’ contributions JOK, PH, RB, MP and JB contributed substan-
tially to the sub-study design and concept; JB and NK were involved
in data acquisition; JB and NK conducted the data analyses; and all
authors assisted with interpretation of the data. All authors were
involved in the drafting of the manuscript, provided critical revisions
for important intellectual content, approved the final version submitted
for publication and agreed to be accountable for all aspects of the work.

Funding This study was funded by Amgen (Europe) GmbH.

Availability of data and material Qualified researchers may request
data from Amgen clinical studies. Complete details are available at
https://wwwext.amgen.com/science/clinical-trials/clinical-data-trans
parency-practices.

Code availability n/a.

Declarations

Ethics approval All procedures performed were in accordance with the
ethical standards of the institutional and/or national research committee
and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

Consent to participate The study analysed anonymous secondary data,
and informed consent was not required.

Conflicts of interest JOK is an employee of Amgen Ltd; RB is an em-
ployee of Amgen GmbH. NK and JB are employees of WIG2 GmbH,
funded by Amgen. MP is an employee of Kantar GmbH, funded by

@ Springer

Amgen. PH has received grants/research, consultancy and lecture fees
from Amgen, Besins, Elli Lilly, Exeltis, Gedeon Richter, Hexal, Hol-
ogic, Novartis, Pfizer, Stada and UCB.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Sozen T, Ozisik L, Basaran NC (2017) An overview and manage-
ment of osteoporosis. Eur J Rheumatol 4:46-56

2. Kanis JA, Norton N, Harvey NC, Jacobson T, Johansson H, Lor-
entzon M, McCloskey EV, Willers C, Borgstrom F (2021) SCOPE
2021: a new scorecard for osteoporosis in Europe. Arch Osteo-
poros 16:82-82

3. Khalid S, Reyes C, Ernst M, Delmestri A, Toth E, Libanati C,
Abrahamsen B, Prieto-Alhambra D (2022) One- and 2-year
incidence of osteoporotic fracture: a multi-cohort observational
study using routinely collected real-world data. Osteoporos Int
33:123-137

4. Hernlund E, Svedbom A, Ivergard M, Compston J, Cooper C,
Stenmark J, McCloskey EV, Jonsson B, Kanis JA (2013) Osteopo-
rosis in the European Union: medical management, epidemiology
and economic burden. A report prepared in collaboration with the
International Osteoporosis Foundation (IOF) and the European
Federation of Pharmaceutical Industry Associations (EFPIA).
Arch Osteoporos 8:136

5. Stanghelle B, Bentzen H, Giangregorio L, Pripp AH, Bergland A
(2019) Associations between health-related quality of life, physi-
cal function and pain in older women with osteoporosis and ver-
tebral fracture. BMC Geriatr 19:298

6. Pavone V, Testa G, Giardina SMC, Vescio A, Restivo DA, Sessa
G (2017) Pharmacological therapy of osteoporosis: a systematic
current review of literature. Front Pharmacol 8:803-803

7. ChenJS, Sambrook PN (2012) Antiresorptive therapies for osteo-
porosis: a clinical overview. Nat Rev Endocrinol 8:81-91

8. (DVO Guidelines) Dachverbands der Deutschsprachigen Wissen-
schaftlichen Osteologischen Gesellschaften e.V.: DVO-Leitlinie
zur Prophylaxe, Diagnostik und Therapie der Osteoporose bei
postmenopausalen Frauen und bei Minnern 2017; [German.]
https://www.dv-osteologie.org/uploads/Leitlinie%202017/
Finale%20Version%20Leitlinie%200steoporose%202017_end.
pdf. Accessed 29 June 2021.

9. Freemantle N, Cooper C, Diez-Perez A, Gitlin M, Radcliffe H,
Shepherd S, Roux C (2013) Results of indirect and mixed treat-
ment comparison of fracture efficacy for osteoporosis treatments:
a meta-analysis. Osteoporos Int 24:209-217

10. Zhu Y, Huang Z, Wang Y, Xu W, Chen H, Xu J, Luo S, Zhang
Y, Zhao D, Hu J (2020) The efficacy and safety of denosumab in
postmenopausal women with osteoporosis previously treated with
bisphosphonates: a review. Journal of Orthopaedic Translation
22:7-13


https://doi.org/10.1007/s11657-022-01156-z
https://wwwext.amgen.com/science/clinical-trials/clinical-data-transparency-practices
https://wwwext.amgen.com/science/clinical-trials/clinical-data-transparency-practices
http://creativecommons.org/licenses/by/4.0/
https://www.dv-osteologie.org/uploads/Leitlinie%202017/Finale%20Version%20Leitlinie%20Osteoporose%202017_end.pdf
https://www.dv-osteologie.org/uploads/Leitlinie%202017/Finale%20Version%20Leitlinie%20Osteoporose%202017_end.pdf
https://www.dv-osteologie.org/uploads/Leitlinie%202017/Finale%20Version%20Leitlinie%20Osteoporose%202017_end.pdf

Archives of Osteoporosis

(2022) 17:119

Page110f11 119

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Wang C (2017) Efficacy and safety of zoledronic acid for treat-
ment of postmenopausal osteoporosis: a meta-analysis of rand-
omized controlled trials. Am J Ther 24:e544—e552

Sacco SM, Ward WE (2010) Revisiting estrogen: efficacy
and safety for postmenopausal bone health. J Osteoporos
2010:708931-708931

Blonde L, Khunti K, Harris SB, Meizinger C, Skolnik NS (2018)
Interpretation and impact of real-world clinical data for the prac-
ticing clinician. Adv Ther 35:1763-1774

Camm AJ, Fox KAA (2018) Strengths and weaknesses of ‘real-
world’ studies involving non-vitamin K antagonist oral anticoagu-
lants. Open Heart 5:e000788

Garrison LP Jr, Neumann PJ, Erickson P, Marshall D, Mullins CD
(2007) Using real-world data for coverage and payment decisions:
the ISPOR Real-World Data Task Force report. Value Health
10:326-335

Stander S, Ketz M, Kossack N, Akumo D, Pignot M, Gabriel S,
Chavda R (2020) Epidemiology of Prurigo Nodularis compared
with Psoriasis in Germany: A Claims Database Analysis. Acta
Derm Venereol 100:adv00309

Karlsson L, Mesterton J, Tepie MF, Intorcia M, Overbeek J, Strom
O (2017) Exploring methods for comparing the real-world effec-
tiveness of treatments for osteoporosis: adjusted direct compari-
sons versus using patients as their own control. Arch Osteoporos
12:81-81

Thulkar J, Singh S, Sharma S, Thulkar T (2016) Preventable risk
factors for osteoporosis in postmenopausal women: Systematic
review and meta-analysis. J Midlife Health 7:108-113
Christenson ES, Jiang X, Kagan R, Schnatz P (2012) Osteopo-
rosis management in post-menopausal women. Minerva Ginecol
64:181-194

Yusuf AA, Cummings SR, Watts NB, Feudjo MT, Sprafka JM,
Zhou J, Guo H, Balasubramanian A, Cooper C (2018) Real-world
effectiveness of osteoporosis therapies for fracture reduction in
post-menopausal women. Arch Osteoporos 13:33

Cummings SR, Martin JS, McClung MR et al (2009) Denosumab
for Prevention of Fractures in Postmenopausal Women with Oste-
oporosis. N Engl J Med 361:756-765

McCloskey EV, Beneton M, Charlesworth D et al (2007) Clo-
dronate Reduces the Incidence of Fractures in Community-
Dwelling Elderly Women Unselected for Osteoporosis: Results
of a Double-Blind, Placebo-Controlled Randomized Study. J Bone
Miner Res 22:135-141

Hadji P, Kyvernitakis I, Kann PH et al (2016) GRAND-4: the
German retrospective analysis of long-term persistence in women
with osteoporosis treated with bisphosphonates or denosumab.
Osteoporos Int 27:2967-2978

Freemantle N, Satram-Hoang S, Tang ET, Kaur P, Macarios D,
Siddhanti S, Borenstein J, Kendler DL (2012) Final results of the
DAPS (Denosumab Adherence Preference Satisfaction) study: a
24-month, randomized, crossover comparison with alendronate
in postmenopausal women. Osteoporos Int 23:317-326
Crandall CJ, Newberry SJ, Diamant A, Lim YW, Gellad WF,
Booth MJ, Motala A, Shekelle PG (2014) Comparative effective-
ness of pharmacologic treatments to prevent fractures: an updated
systematic review. Ann Intern Med 161:711-723

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Barrionuevo P, Kapoor E, Asi N et al (2019) Efficacy of pharma-
cological therapies for the prevention of fractures in postmeno-
pausal women: a network meta-analysis. J Clin Endocrinol Metab
104:1623-1630

Handel M, Cardoso I, von Bulow C, et al. Fracture risk reduction
by anti-osteoporosis pharmacotherapy according to baseline risk
factors among postmenopausal women: meta-regression analyses
of randomised trials [abstract] Presented at the World Congress of
Osteoporosis (WCO), 26-29 August 2021, London, UK
McGrath LJ, Spangler L, Curtis JR, Ehrenstein V, Sgrensen HT,
Saul B, Levintow SN, Reams D, Bradbury BD, Brookhart MA
(2020) Using negative control outcomes to assess the compara-
bility of treatment groups among women with osteoporosis in the
United States. Pharmacoepidemiol Drug Saf 29:854-863
Papapoulos S, Lippuner K, Roux C et al (2015) The effect of 8
or 5 years of denosumab treatment in postmenopausal women
with osteoporosis: results from the FREEDOM Extension study.
Osteoporos Int 26:2773-2783

Ferrari S, Adachi JD, Lippuner K et al (2015) Further reductions
in nonvertebral fracture rate with long-term denosumab treatment
in the FREEDOM open-label extension and influence of hip bone
mineral density after 3 years. Osteoporos Int 26:2763-2771
Black DM, Reid IR, Boonen S et al (2012) The effect of 3 versus
6 years of zoledronic acid treatment of osteoporosis: a randomized
extension to the HORIZON-Pivotal Fracture Trial (PFT). J Bone
Miner Res 27:243-254

Black DM, Schwartz AV, Ensrud KE et al (2006) Effects of con-
tinuing or stopping alendronate after 5 years of treatment: the
Fracture Intervention Trial Long-term Extension (FLEX): a ran-
domized trial. JAMA 296:2927-2938

Sorensen OH, Crawford GM, Mulder H, Hosking DJ, Gennari
C, Mellstrom D, Pack S, Wenderoth D, Cooper C, Reginster JY
(2003) Long-term efficacy of risedronate: a 5-year placebo-con-
trolled clinical experience. Bone 32:120-126

Jordan N, Barry M, Murphy E (2006) Comparative effects of
antiresorptive agents on bone mineral density and bone turnover
in postmenopausal women. Clin Interv Aging 1:377-387
McCloskey E, Rathi J, Heijmans S et al (2021) The osteoporosis
treatment gap in patients at risk of fracture in European primary
care: a multi-country cross-sectional observational study. Osteo-
poros Int 32:251-259

International Osteoporosis F (2019) Ruinierte knochen, ruini-
ertes leben. http://share.iofbonehealth.org/EU-6-Material/Repor
ts/IOF%20Report GERMAN_DIGITAL_DE.pdf Accessed 30
September 2020

Harvey NC, McCloskey EV, Mitchell PJ, Dawson-Hughes B,
Pierroz DD, Reginster J'Y, Rizzoli R, Cooper C, Kanis JA (2017)
Mind the (treatment) gap: a global perspective on current and
future strategies for prevention of fragility fractures. Osteoporos
Int 28:1507-1529

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://share.iofbonehealth.org/EU-6-Material/Reports/IOF%20Report_GERMAN_DIGITAL_DE.pdf
http://share.iofbonehealth.org/EU-6-Material/Reports/IOF%20Report_GERMAN_DIGITAL_DE.pdf

	Real-world effectiveness of osteoporosis treatments in Germany
	Abstract
	Summary 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Population and data source
	Outcomes
	Fracture incidence rates’ assessment
	Statistical analysis

	Results
	Patient characteristics
	Treatment patterns
	Fracture incidences
	Stratified analysis
	Sensitivity analysis

	Discussion
	Acknowledgements 
	References


