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Key statement

Research question

The objective of this investigation is to assess the benefit of bisphosphonates, teriparatide, and
denosumab in comparison with each other in the treatment of women with postmenopausal
osteoporosis with regard to patient-relevant outcomes.

The research question includes an assessment of bisphosphonates in comparison with each
other.

Conclusion

Given the available evidence, the following individual comparisons were taken into account in
the benefit assessment: denosumab versus bisphosphonates, teriparatide versus risedronate as
well as bisphosphonates in comparison with each other.

For risedronate, the data transmission by the manufacturer was incomplete. Publication bias
likely arose with respect to the risedronate intervention. Consequently, no proof, indication, or
hint of benefit or harm is derived for the intervention of risedronate (except for a hint of lesser
benefit from the comparison of teriparatide versus risedronate). In the comparison of
teriparatide versus risedronate, the incompleteness of the manufacturer documents was
irrelevant because all studies were available on this comparison.

The available evidence for patient-relevant outcomes is deemed limited overall. The available
evidence was insufficient, particularly for the outcomes of pain, functional limitations, health-
related quality of life, osteonecrosis of the jaw, and symptomatic atypical femoral fractures.

Comparison of denosumab versus bisphosphonates

For the comparison of denosumab versus bisphosphonates, the available data allow drawing
robust conclusions only in comparison with the drug zoledronate.

The evidence shows the following:

- No hint of greater benefit or harm resulted from the available data for the outcomes of all-
cause mortality, fractures in the hip area, distal radius fractures, symptomatic vertebral
fractures, nonvertebral symptomatic fractures, serious adverse events (SAEs), discontinuation
due to adverse events (AEs) as well as AEs and SAEs of the gastrointestinal tract.

- For the outcomes of pain, functional limitations, health-related quality of life, osteonecrosis
of the jaw, and symptomatic atypical femoral fractures, no data usable for the comparison of
denosumab versus bisphosphonates were available; therefore, no hint of greater benefit or harm
resulted for any of them.

In the overall weighing of benefit and harm, there was no hint of greater or lesser benefit or
harm for treatment with denosumab in comparison with zoledronate across outcomes.

Institute for Quality and Efficiency in Health Care (IQWiG) -1v -
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Comparison of teriparatide versus risedronate

For the comparison of teriparatide versus risedronate, which can be conducted given the
available data, the evidence shows the following:

- For the outcome of symptomatic vertebral fractures, there was a hint of greater benefit of
teriparatide versus risedronate.

- For the outcome of AEs of the gastrointestinal tract, there was a hint of greater harm from
teriparatide versus risedronate.

- No hint of greater benefit or harm was found on the basis of the available data for the outcomes
of all-cause mortality, fractures in the hip area, distal radius fractures, nonvertebral
symptomatic fractures, pain, SAEs, discontinuation due to AEs, osteonecrosis of the jaw, and
symptomatic atypical femoral fractures as well as SAEs of the gastrointestinal tract.

- No data were available for the outcomes of functional limitations or health-related quality of
life; this resulted in no hint of greater harm or benefit.

Overall, the favourable effect for teriparatide in comparison with risedronate in the outcome of
symptomatic vertebral fractures is therefore contrasted by an unfavourable effect for teriparatide
in comparison with risedronate in the outcome of AEs of the gastrointestinal tract. Given the fact
that the outcome of symptomatic vertebral fractures showed a substantial effect in favour of
teriparatide (upper limit of the 95% confidence interval: 0.58), while the disadvantage was
marginal in the outcome of AEs of the gastrointestinal tract (95% confidence interval: [1.01;
1.57]) and not present in SAEs of the gastrointestinal tract, the overall weighing of benefit and
harm across outcomes resulted in a hint of greater benefit of teriparatide versus risedronate.

Bisphosphonates in comparison with each other

For the comparison of bisphosphonates with each other, robust conclusions based on the
available data can be drawn only for the drugs of alendronate and ibandronate.

The evidence shows the following:

- No hint of greater benefit or harm was found based on the available data for the outcomes of
fractures in the hip area, distal radius fractures, nonvertebral symptomatic fractures, SAEs,
discontinuation due to AEs, or AEs and SAEs of the gastrointestinal tract.

- No data were available for the outcomes of all-cause mortality, symptomatic vertebral
fractures, pain, functional limitations, health-related quality of life, osteonecrosis of the jaw,
and symptomatic atypical femoral fractures; this resulted in no hint of greater benefit or harm
for any of them.

In the overall weighing of benefit and harm, there was no hint of greater or lesser benefit or
harm of alendronate versus ibandronate across outcomes.

Institute for Quality and Efficiency in Health Care (IQWiG) -v-
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1 Background

Pathogenesis and progression of postmenopausal osteoporosis

Osteoporosis is a systemic skeletal disease characterized by low bone mass and
microarchitectural deterioration of bone tissue with a consequent increase in bone fragility and
susceptibility to fracture [1-5]. Due to age-related bone loss, the prevalence of osteoporosis
rises with increasing age [6]. Since menopause causes a drop in the oestrogen level, bone loss
is further accelerated in postmenopausal women [7].

Definition and diagnosis of postmenopausal osteoporosis

According to the widely used criteria specified by the World Health Organization (WHO),
osteoporosis is diagnosed at a T-score of < —2.5 standard deviations from the mean score in 20
to 29-year-old women as measured via dual-energy X-ray absorptiometry (DXA) [2,5,8].
Central DXA scans are performed in the lumbar spine and/or the proximal femur [2]. Alongside
the commonly used DXA, other central densitometry techniques such as quantitative computed
tomography (QCT) are available, and these techniques are preferred to peripheral densitometry,
measured in locations such as the forearm [2,4,5]. DXA scans are to be used as the standard
method for diagnosing osteoporosis [5]. Densitometry at the proximal femur and the lumbar
spine is preferred, although scans of the spine may be of limited interpretive value, e.g. due to
age-related deterioration of vertebrae [1,5].

Postmenopausal osteoporosis is a form of primary osteoporosis, meaning that it is not caused
by (a)any other diseases, (b) immobilization, or (c)side effects of drug therapies [1].
Osteoporosis is of clinical importance due to the occurrence of bone fractures and their
consequences [1,5]. These fractures most often involve the spine or vertebrae, the forearm or
wrist (distal radius), and the hip (proximal femur), but they can also occur in the arm (humerus),
pelvis, ribs, or other bones [1,6,8,9].

Alongside bone density, bone characteristics such as microarchitecture and degree of
mineralization affect bone stability [1,2]. At reduced bone stability, even low-trauma events,
such as falls from standing or sitting height may result in fractures [2]. Osteoporosis is called
manifest if a fracture occurs as a result of a low-trauma event [5,10]. However, many women
with such fractures do not exhibit a bone mineral density (BMD) T-score <-2.5 (threshold
defined by the WHO [1]). BMD alone does not reliably predict the risk of bone fractures
[1,8,9,11]. According to treatment guidelines, the operationalization of osteoporosis as per
WHO criteria falls short. Instead, guidelines indicate that the need for treatment is determined
by the estimated fracture risk, which is in turn based on both bone density and additional factors
[5,10].

Fracture risk and indication for therapy

Patients at substantially increased risk of fractures should receive drug treatment to reduce their
fracture risk [5]. Whether a patient is indicated for therapy should be determined based on
absolute fracture risk rather than resting solely on the BMD score [2,4,5]. Guidelines list various

Institute for Quality and Efficiency in Health Care (IQWiG) -1-
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risk prediction models such as the QFracture risk score, the Fracture Risk Assessment Tool
(FRAX), the Garvan fracture risk calculator, and the model by the German Umbrella
Association of Osteoporosis (DVO model) [12]. These models take into account various risk
factors [12]. In addition to age, body mass index (BMI), (family) history of fractures, alcohol
and tobacco use as well as secondary causes of osteoporosis (e.g. specific underlying illnesses
such as rheumatoid arthritis and drug treatments such as glucocorticoid therapy), different
models take into account further factors which may additionally affect fracture risk [12]. For
instance, the DVO lists frequent intrinsic falls or immobility as further risk factors [5]. None of
these models have been shown to be clearly superior to any other [5,8,9,13]. Guidelines as well
as the European Medicines Agency (EMA) recommend using the 10-year absolute fracture risk
[1,5,9,12]. Depending on the determined 10-year risk, osteoporosis therapy is already
recommended at a BMD T-score < -2, or — under certain circumstances — even at > -2 [5,10].
In terms of being indicated for treatment, a 10-year risk above 30% of radiographic fractures at
vertebrae or femur fractures as calculated by the DVO model is deemed equivalent to a 14%
risk of major fractures as per FRAX (clinical fractures of the vertebrae as well as fractures of
the hip, humerus, or wrist [8]) [5].

Goals of treatment

The goal of diagnosing osteoporosis and the subsequent intervention is to prevent fractures.
Fractures are associated with pain, potentially major and/or permanent functional limitations,
and reduced health-related quality of life. Women who suffer hip fractures, vertebral fractures,
or other major nonvertebral fractures are at a higher mortality risk [1,2,8]. In itself, bone density
loss is not noticeable, and in the therapeutic indication of osteoporosis, increased bone density
is not a suitable surrogate for reduced fracture incidence [1]. Consequently, fracture avoidance
is the primary treatment goal [5,10].

Osteoporosis treatment and guideline recommendations

Postmenopausal osteoporosis can be pharmacologically treated both to reduce bone loss
(antiresorptive agents such as bisphosphonates [also referred to as diphosphonates] and
denosumab) and to promote bone regeneration (teriparatide as a fragment of parathormone).
Other drug treatment options are available, e.g. bazedoxifen, raloxifen, and oestrogens [5].
During the therapy of postmenopausal osteoporosis, sufficient exercise and an adequate supply
of calcium and vitamin D should be ensured [5,14].

At the time of commissioning by the Federal Joint Committee (G-BA), the bisphosphonates
alendronate, ibandronate, risedronate, and zoledronate (including combinations with
alfacalcidol, cholecalciferol, or calcium) were available in Germany for the treatment of
postmenopausal osteoporosis. The commission ordered by the G-BA further comprises the
drugs of teriparatide and denosumab.

At the time the final report is written, international and British guidelines recommend treatment
with an oral bisphosphonate (alendronate, risedronate, or ibandronate) as first-line
therapy [8,9]. Bisphosphonates in intravenous formulations (zoledronate or ibandronate) as
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well as denosumab represent other potential options for (first-line) therapy [9,10]. These drugs
are recommended particularly for patients with contraindications or intolerance to oral
bisphosphonates [8—10]. The anabolic agent teriparatide is recommended for patients at high [8]
or very high fracture risk [9,10] or for secondary prevention in patients with existing fractures.
The guideline for German-speaking countries does not include a specific treatment algorithm.
Rather, it recommends individualized weighing of risks against benefits, taking into account
factors such as potential side effects and additional effects, the proven duration of effect after
discontinuation of the preparations, and administration modalities [5]. Because the illness is

often of long duration, treatment sequences are gaining in importance as treatment strategies
[15,16].

Different network metaanalyses (NMAs) have compared diverse osteoporosis medications with
regard to fractures in various patient populations [17-22]. To date, it is unclear how the above
investigational substances interact in postmenopausal women with osteoporosis in terms of
patient-relevant outcomes, even beyond fractures.

Institute for Quality and Efficiency in Health Care (IQWiG) -3-
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2 Research question

The objective of this investigation is to

= assess the benefit of bisphosphonates, teriparatide, and denosumab in comparison with
each other

in the treatment of women with postmenopausal osteoporosis with regard to patient-relevant
outcomes.

The research question includes an assessment of bisphosphonates in comparison with each
other.

Institute for Quality and Efficiency in Health Care (IQWiG) -4 -
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3 Methods

The target population of the benefit assessment comprises postmenopausal women who are
indicated for treatment of postmenopausal osteoporosis. The population was defined not
exclusively by bone density scores, but also by clinical factors (e.g. age, [family] history of
fractures). Bisphosphonates, teriparatide, and denosumab for the treatment of postmenopausal
osteoporosis were to be compared with each other; therefore, each of them represented both an
investigational and a comparator intervention.

The following patient-relevant outcomes were taken into account in the investigation:

= All-cause mortality
* Fractures
o fractures in the hip area
o distal radius fractures
o symptomatic vertebral fractures
o nonvertebral symptomatic fractures
= Pain
*  Functional limitations
= Health-related quality of life
»  Side effects
o SAEs
o discontinuation due to AEs
o osteonecroses of jaw (ONJs)
o symptomatic atypical femoral fractures (AFFs)
o AEs of the gastrointestinal tract

Only randomized controlled trials (RCTs) with a minimum duration of 2 years were included
in the benefit assessment.

The systematic literature search for studies was conducted in the databases MEDLINE, Embase,
Cochrane Database of Systematic Reviews, and Cochrane Central Register of Controlled Trials.
In parallel, a search for relevant systematic reviews was conducted in the databases MEDLINE,
Embase and the Cochrane Database of Systematic Reviews.

In addition, the following information sources and search techniques were taken into account:
study registries, manufacturer queries, publicly accessible documents from regulatory

Institute for Quality and Efficiency in Health Care (IQWiG) -5-
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authorities, G-BA and IQWiG websites as well as the screening of reference lists, documents
made available from hearing procedures, and author queries.

Relevant studies were selected by 2 persons independently from one another. Any discrepancies
were resolved by discussion between them. Data were extracted into standardized tables. To
assess the qualitative certainty of results, outcome-specific and study-level criteria for the risk
of bias were assessed, and the risk of bias was rated as high or low in each case. The results of
the individual studies were described, organized by outcomes.

In addition to the comparison of the individual studies’ results, metaanalyses and sensitivity
analyses were conducted and effect modifiers investigated, provided that the methodological
prerequisites had been met.

For each outcome, a conclusion was drawn regarding the evidence for (greater) benefit and
(greater) harm, with 4 levels of certainty of conclusions: proof (highest certainty of
conclusions), indication (moderate certainty of conclusions), hint (lowest certainty of
conclusions), or neither of the above 3. The latter was the case if no data were available or the
available data did not allow any of the other 3 conclusions to be drawn. In this case, the
conclusion “There is no hint of (greater) benefit or (greater) harm” was drawn.

Subsequently, an assessment of benefit and harm was carried out across outcomes.

The network metaanalysis technique, which was to be used for the present benefit assessment,
required checking the similarity of the studies to be entered into the network. To ensure
sufficient similarity of the studies in the pool, the fracture risk of participants is to be estimated
as a key factor for the similarity assumption. To assess with sufficient certainty the fracture risk
and similarity of the studies with regard to participants’ fracture risk, studies had to provide, at
minimum, information on the 4 factors of age, T-score, BMI (or height and weight), and
existing fractures. Using these data, participants’ fracture risk was first qualitatively assessed
based on the overall picture of these patient characteristics. To objectify this qualitative
assessment of fracture risk, an estimate of the 10-year fracture risk for major osteoporotic
fractures (fractures near the hip joint, clinical vertebral fractures, arm and forearm fractures)
was additionally calculated using the FRAX [23-25]. These calculations were based on the
information on the 4 above-mentioned factors, taking into account the region where the studies
were conducted.

Institute for Quality and Efficiency in Health Care (IQWiG) -6-
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4 Results

4.1 Results of the information retrieval
The information retrieval resulted in 37 RCTs relevant for the research question.
The search strategies for bibliographic databases and trial registries are found in the appendix.

The last search in bibliographical databases was conducted on 4 December 2019 and the last
search in study registries on 8 January 2020.
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Table 2: Study pool of the benefit assessment (multipage table)
Study Available documents

Full publication (in | Registry entry / Clinical study report from |Other

scientific journals) |result report from |manufacturer documents |documents

trial registries (not publicly available)

20080756* Yes [26] Yes [27] / no No No
5SRO1 AROS5? Yes [28,29] Yes [30] / no No No
ARCH* Yes [31.32] Yes [33-35]/ yes No Yes [36]
B3D-JE-GHDB* Yes [37-39] Yes [40] / yes Yes [41] No
B3D-MC-GHBQ?* Yes [42] Yes [43] /no No No
Bai 2013 Yes [44] No No No
Carfora 1998* Yes [45] No No No
CL3-12911-0192 Yes [46,47] Yes [48,49] / yes No No
CL3-12911-030? No Yes [50] / yes No No
DIRECT Yes [51,52] Yes [53,54] / yes No No
DIVA® Yes [55-59] Yes [60-62] / yes Yes [63,64] No
El-Hamamsy 2016* | Yes [65] No No No
EUROFORS*® Yes [66-70] Yes [71]/no Yes [72] No
Evio 2004* Yes [73,74] No No No
Frediani 1998* Yes [75] No No No
FREEDOM Yes [76-121] Yes [122-125]/yes |Yes [126] No
Gonelli 19992 Yes [127] No No No
Guanabens 2013 Yes [128] No No No
HORIZON-PFT Yes [113,129-151] |Yes[152]/no Yes [153] No
Kuzmanova 2011* | Yes [154] No No No
Liang 2017* Yes [155] No No No
MKO0217-035 Yes [156-164] No Yes [165] No
MKO0217-037 Yes [156-163] No Yes [166] No
MKO0217-041 No No Yes [167] No
MKO0217-063 No No Yes [168] No
MKO0217-0722 Yes [169,170] No Yes [171] No
MKO0217-118* No No Yes [172] No
MOBILE? Yes [173-178] Yes [179-181] / yes | Yes[182]° No
Muscoso 20042 Yes [183] No No No
Nakamura 20172 Yes [184.185] Yes [186] No No
Peretz 20032 Yes [187] No No No
Rizzoli 20022 Yes [188] No No No
Sosa 20022 Yes [189] No No No
Tan 2016* Yes [190] No No No
Tascioglu 2005* Yes [191] No No No
TRIO Yes [192-194] Yes [195,196] /yes |No No
VERO Yes [197-202] Yes [203,204] / yes | Yes [205] No
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Table 2: Study pool of the benefit assessment (multipage table)

Study Available documents
Full publication (in | Registry entry / Clinical study report from |Other
scientific journals) |result report from |manufacturer documents |documents
trial registries (not publicly available)

a. The study meets the inclusion criteria but had to be disregarded below for the benefit assessment. The
reasons are presented in Section A3.2 of the full report.

b. The manufacturer sent a study report after 1 year of treatment; however, said study report is irrelevant for the
benefit assessment (see Section A3.1.1.3 of the full report).

No relevant studies without reported results were identified. However, relevant study
documents on risedronate are missing for 17 studies due to incomplete data transmission by the
manufacturer, with further test steps revealing that 2 of these studies fail to meet the inclusion
criterion I8 (minimum duration). Twelve of the remaining 15 studies compared risedronate
versus placebo and were therefore potentially relevant for a network. Hence, publication bias
is likely for the intervention of risedronate. Consequently, no proof, indication, or hint of benefit
or harm is derived for the intervention of risedronate [206] (except for a hint of lesser benefit
from the comparison of teriparatide versus risedronate; see Section 4.3.5).

After the available studies and study documents were identified, the study pool was checked
for the studies’ suitability for a network metaanalysis. From the 37 studies in the study pool, a
total of 18 studies were unusable for further test steps. Sixteen of the 18 studies contained
neither a direct comparison of the interventions of interest nor comparator interventions which
would lend themselves to use as suitable common comparators in indirect comparisons within
the study pool because no other study used a similar comparator intervention. In 2 of the
18 studies, the intervention was a treatment sequence with multiple consecutive drugs
(teriparatide followed by raloxifene). Due to the absence of a relevant comparator intervention,
these 2 studies were disregarded.

This left 19 studies remaining in the study pool; for these studies, the similarity assumption was
to be checked in the network metaanalysis. As a key factor for the similarity assumption, the
fracture risk of study participants was to be assessed. The 4 factors of age, T-score, BMI (or
height and weight), and existing fractures are essential for assessing fracture risk [1,5,23]. At
minimum, studies therefore had to supply information on these 4 factors in order to allow
assessing with sufficient certainty (a) fracture risk and (b) the studies’ similarity with regard to
participants’ fracture risk. A total of 8 of the 19 studies, however, failed to provide information
on all 4 factors defined the minimum required information. Reliably assessing the fracture risk
was therefore impossible. Hence, these 8 studies were excluded from further analysis. It should
be noted that these 8 studies provided very limited information on individual patient-relevant
outcomes. Disregarding these studies from further analysis therefore did not exclude relevant
information from the benefit assessment.

A total of 11 studies thus remained for the similarity check.
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The joint analysis of the qualitative assessment of fracture risk based on the above-described
4 factors of age, T-score, BMI (or height and weight), and existing structures as well as a
quantitative assessment of fracture risk by means of the FRAX (see details in Section A3.2 of
the full report) resulted in the following rating for these 11 studies:

* In the HORIZON-PFT, DIRECT, FREEDOM, and VERO studies, participants’ fracture
risk was deemed high overall.

» Inthe MKO0217-037, -041, -063, Bai 2013, and Guanabens 2013 studies, participants’
fracture risk was rated as lower than in the studies listed above.

* The participants of the MK0217-035 and TRIO studies were estimated to be at moderate

fracture risk.

Given the available data, it was impossible to create a complete network including all drugs.
Figure 1 shows the observed indirect and direct comparisons.
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Denosumab vs. bisphosphonates: indirect comparison

- MK0217-035
DIRECT \ MK0217:037:
FREEDOM HORIZON-PFT
Denosumab Bisphosphonates
Teriparatide vs. risedronate: direct comparison
VERO
Teriparatide Risedronate
Bisphosphonates: comparison with each other
Indirect comparison®
MKO0217-037 Placebo
MKO0217-041
MKO0217-063 Bai 2013
Alendronate Zoledronate
Direct comparison
Guanabens 2013
TRIO
Alendronate Ibandronate

Placebo

2 Nov 2022

a. The indirect comparison of bisphosphonates with each other was not carried out. Details are described in the
text below or in Section 4.4. Boxes with dotted background: The MK0217-035 and MK0217-037 studies were
added in the context of a sensitivity analysis because fracture risk was not deemed high in these studies — unlike
in the other 3 studies comparing denosumab versus bisphosphonates.

Study names are presented in capital letters or bold.

Figure 1: Indirect and direct comparisons examined in light of the currently available

evidence
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Overall, the following comparisons were taken into account based on the available evidence.

Comparison of denosumab versus bisphosphonates

An adjusted indirect comparison using the common comparator of placebo was conducted
for the interventions of denosumab and bisphosphonates. This comparison first analysed
the 3 studies exhibiting similar fracture risk, with their participants being at high fracture
risk. The further factors taken into account in the check of similarity (see Section A3.2 of
the full report) were likewise deemed sufficiently similar between these studies. On the
denosumab-placebo edge, these were the DIRECT and FREEDOM studies. Hence, only
the HORIZON-PFT study comparing zoledronate versus placebo was initially analysed on
the placebo-bisphosphonate(s) edge. An adjusted indirect comparison between denosumab
and zoledronate was therefore conducted as the main analysis.

A supplementary sensitivity analysis jointly analysed the studies which enrolled
participants at high and moderate fracture risk. The studies were sufficiently similar with
regard to the other investigated factors. For the bisphosphonate(s)-placebo edge, the
sensitivity analysis used the HORIZON-PFT study as well as the MK0217-035 study
comparing alendronate versus placebo. In the latter, participants’ fracture risk is deemed
moderate. For this edge, its sister study MK0217-037 was additionally included;
according to qualitative assessments, at least, this study’s participants have a fracture risk
comparable to those of the MK0217-035 study. Hence, the sensitivity analysis
investigated an adjusted indirect comparison of denosumab versus zoledronate and
alendronate. These analyses can be performed only for the outcomes for which data are
available in the MK0217-035 and -037 studies. The results of the main analysis and the
sensitivity analysis are described in Section 4.2.

Comparison of teriparatide versus risedronate

It was impossible to link the VERO study, whose participants’ fracture risk was deemed
high, to other studies via a shared node in a network or in the form of an indirect
comparison. The results on the comparison of teriparatide versus risedronate are presented
separately in the form of a direct comparison. In this case, the manufacturer documents
being incomplete regarding risedronate is irrelevant because (a) there was no connection
to a network and (b) all studies were available for the separate presentation of results on
this comparison. For the direct comparison of teriparatide versus risedronate, the
manufacturer documents were complete. The results are described in Section 4.3.

Comparison of bisphosphonates with each other

The studies in participants at low fracture risk were suitable for performing an adjusted
indirect comparison of alendronate (MK0217-037, -041, -063 studies) versus zoledronate
(Bai 2013 study) via the common comparator of placebo. This involved comparing

2 bisphosphonates with each other. However, the adjusted indirect comparison was
foregone due to the studies’ missing data on patient-relevant outcomes. This is explained
in detail in Section 4.4.

Institute for Quality and Efficiency in Health Care (IQWiG) -12 -
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In addition, the studies Guanabens 2013 (alendronate versus ibandronate) and TRIO
(alendronate versus ibandronate versus risedronate), whose participants’ fracture risk was
deemed low or moderate, yielded a direct comparison of the bisphosphonates alendronate
versus ibandronate in the form of a potential metaanalysis. This analysis disregarded the
additional risedronate arm of the TRIO study. However, conducting a metaanalysis was
impossible given the available evidence. Section 4.4 describes the available evidence and

results.

Table 3 shows an overview of the 11 studies ultimately taken into account, with the respective

comparisons performed.

Table 3: Studies ultimately taken into account and allocation to direct and indirect

comparisons

Comparison foregone due to lack of available data

Study (study start)

Comparison

MK0217-037 (1991)

MK0217-041 (1991)

MK0217-063 (1993)

Bai 2013 (2008)

Adjusted indirect comparison of alendronate versus zoledronate (Section 4.4)

Comparisons conducted in light of the available evidence

Study (study start)

Comparison

DIRECT (2008)

FREEDOM (2004)

HORIZON-PFT (2002)

Adjusted indirect comparison of denosumab versus zoledronate (Section 4.2)

MK0217-035 (1991)

MK0217-037 (1991)

Sensitivity analysis on the adjusted indirect comparison of denosumab versus
zoledronate and alendronate (Section 4.2)

VERO (2012)

Direct comparison of teriparatide versus risedronate (Section 4.3)

TRIO (2007)

Guanabens 2013 (2007)

Direct comparison of alendronate versus ibandronate (Section 4.4)

4.2 Comparison of denosumab versus bisphosphonates

Given the available evidence, the study pool for the investigation of denosumab versus
bisphosphonates consists of 3 sufficiently similar studies whose participants are at high fracture
risk (DIRECT, FREEDOM, HORIZON-PFT). Two further studies with participants at
moderate fracture risk (MK0217-035 and MK0217-037) were added in a sensitivity analysis
(see Table 19 and Table 20 in Section A3.2 of the full report). In principle, the studies provided
data for an adjusted indirect comparison.
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4.2.1 Characteristics of the studies included in the assessment

Study design

The FREEDOM [89], HORIZON-PFT [130], MK0217-035 [161], and MK0217-037 [161]
studies and the arms of the DIRECT [51] study which are relevant for the present comparison
had a double-blind design. The studies were multicentric, with the DIRECT study being
conducted only in Japan, the MKO0217-035 study only in the United States, and the other
3 studies worldwide. The oldest studies started in 1991 (MK0217-035, MK0217-037) and 2002
(HORIZON-PFT), while the most recent study started in 2008 (DIRECT). The study phase
relevant for the present benefit assessment had a duration of either 2 or 3 years in all studies.

At 7736 or 7808 patients, the HORIZON-PET and FREEDOM studies had the largest patient
populations among the included studies.

The DIRECT and FREEDOM studies examined the intervention denosumab (60 mg every
6 months) versus placebo. The DIRECT study had an additional alendronate arm in which
35 mg/week of alendronate was administered. This dosage departs from the alendronate
marketing authorization [207,208]. The DIRECT study’s alendronate arm is therefore irrelevant
for the present benefit assessment and is disregarded below. The HORIZON-PFT study
investigated the zoledronate intervention (5 mg/year) versus placebo. The MK0217-035 and
MKO0217-037 studies compared alendronate in daily doses of 5 mg, 10 mg, and 20 mg versus
placebo. The 5 mg and 20 mg doses depart from the alendronate marketing authorization
[207,208]. The alendronate 5 mg and 20 mg study arms are therefore irrelevant for the benefit
assessment and disregarded below.

As primary outcomes, the studies examined vertebral or hip fractures (DIRECT, FREEDOM,
HORIZON-PFT) or BMD at the lumbar spine (MK0217-035, MK0217-037). Further surveyed
patient-relevant outcomes included side effects and — in the FREEDOM and HORIZON-PFT
studies — other patient-relevant fracture outcomes, health-related quality of life, pain, or
functional limitations.

Study populations

Except in the DIRECT study, the study populations comprised only women, largely of
Caucasian descent.

The studies’ mean participant age ranged from 69 to 73 years, with a mean of 63 years in
MKO0217-035 and 64 years in MK0217-037. The fracture risk factor of BMI slightly differed
between the studies, at means between 22 and 26 kg/m?. Data on participants’ mean body
weight (59 kg to 64 kg) and height (153 cm to 160 cm) were available for all studies except
DIRECT.

All studies reported data on BMD at the femoral neck (mean T-score between -2.2 and -2.7),
and all but the HORIZON-PFT study provided participants’ BMD at the lumbar spine (mean
T-score < -2.5 to -2.8).
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The study documents contain scant data on other fracture risk factors. For instance, only 1 study
(FREEDOM) provides data on 10-year risk for fractures, and only 2 studies (MK0217-035,
MKO0217-037) deliver information regarding participants’ family history of osteoporosis.
Patients with existing vertebral fractures made up 17% to 28% of participants in the MK0217-
035, MK0217-037, and FREEDOM studies, 63% in the HORIZON-PFT study, and 98% in the
DIRECT study. The number of participants with existing nonvertebral fractures was reported
only in the FREEDOM study (about 39%). None of the studies provided any data on the number
of participants with existing hip fractures.

With the exception of the DIRECT study, all studies reported information on participants with
relevant treatment at baseline. About 13% of patients included in the MK0217-035 and
MKO0217-037 studies, about 21% of those in the HORIZON-PFT study, and about 2% in the
FREEDOM study had received prior hormone replacement therapy. The HORIZON-PFT and
FREEDOM studies also included patients previously treated with bisphosphonates (15% and
13%, respectively) or selective oestrogen receptor modulator (SERMS) (11% and 2%,
respectively). However, none of the 5 studies provided information on the duration of prior
treatment.

The study drop-out rates were comparable (13% to 17%). Information on the number of
participants with early discontinuation of treatment with the study medication was available
only for the FREEDOM study (about 7%).

4.2.2 Overview of patient-relevant outcomes

Data on patient-relevant outcomes were extracted from 3 studies as well as from 2 studies added
in the sensitivity analysis. Table 4 presents an overview of the data available on patient-relevant
outcomes from the included studies.

In the FREEDOM and HORIZON-PFT studies, data were reported on all patient-relevant
outcomes except symptomatic atypical femoral fractures. In the DIRECT study, data were
reported only for the outcome of all-cause mortality, fractures in the hip area, nonvertebral
symptomatic fractures, and side effects outcomes. Regarding AEs of the gastrointestinal tract,
the DIRECT study reported results for individual Preferred Terms (PTs), but these do not
adequately reflect the System Organ Class (SOC) AEs of the gastrointestinal tract and were
therefore unusable for the present benefit assessment.

No indirect comparison was possible for the outcomes of pain, functional limitations, health-
related quality of life, osteonecrosis of the jaw, or symptomatic atypical femoral fractures. This
is explained below.

The FREEDOM and HORIZON-PFT studies used different instruments (FREEDOM: OPAQ-
SV; HORIZON-PFT: mini-OQLQ) for surveying health-related quality of life. The
instruments’ structure (type and analysis of the surveyed domains) was insufficiently
comparable. No summary analysis can be conducted for the individual questions. A comparison
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of individual subscales is likewise impossible due to excessive differences in the questions. An
analysis of a total score is not available for the mini-OQLQ (HORIZON-PFT study) and was
not envisaged for the OPAQ-SV instrument (FREEDOM study). Regardless of the vitality
check for these instruments, no indirect comparison was therefore possible for the outcome of
health-related quality of life. For the outcome of symptomatic atypical femoral fractures, no
results suitable for an indirect comparison were available because this outcome was not
surveyed in the HORIZON-PFT study, and consequently, data were not available on both sides
of the indirect comparison. The outcomes of pain and functional limitations were surveyed in
the FREEDOM and HORIZON-PFT studies by asking patients different questions on back pain
and limitations due to back pain (FREEDOM study: Back Pain and Limited Activity Days
Questionnaire; HORIZON-PFT: Quarterly Back Pain Questionnaire). Neither the outcomes of
pain and functional limitations nor the outcome of osteonecrosis of the jaw were associated
with the certainty of results required for performing an indirect comparison (see Section 4.2.3).

The MKO0217-035 and MKO0217-037 studies, which were added in a sensitivity analysis,
reported data usable in the benefit assessment or allowed an indirect comparison only for the
outcomes of all-cause mortality, SAEs, and discontinuation due to AEs. No other patient-
relevant outcomes were surveyed in the MK0217-035 and MKO0217-037 studies, or no usable
data were available for the outcome of AEs of the gastrointestinal tract.
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Table 4: Matrix of patient-relevant outcomes (indirect comparison: denosumab versus
zoledronate or denosumab versus zoledronate and alendronate)

possible in the
sensitivity analysis?

Study Outcomes
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Denosumab
DIRECT ° ° - b ° - - ° ° ° ° o¢
FREEDOM ) ° ° ° ° ° ° ° ° ° ° — °
Bisphosphonates, zoledronate
HORIZON-PFT ° . . . . . ° ° ° ° ° - °
Indirect comparison Yes Yes Yes Yes Yes No No No Yes Yes No No Yes
possible?
Supplementary sensitivity analysis (addition of studies whose participants were at moderate fracture
risk)
Bisphosphonates, alendronate
MKO0217-035 o - - - - - - - . . - - o°
MK0217-037 o - - - - - - - . . - - o°
Indirect comparison Yes No No No No No No No Yes Yes No No No

@]

footnotes

—: outcome not recorded

a. For the present benefit assessment, fracture outcomes are used if they were surveyed as effectiveness
outcomes using an adequate operationalization. Results on fractures which were reported in the AE/SAE
analysis, e.g. as individual PTs, are disregarded because, firstly, it is unclear whether said fractures were
low-trauma fractures typical for osteoporosis. Secondly, the analysis in the context of AEs/SAEs is
insufficiently comparable to a clearly defined and systematic survey of fractures as an effectiveness
outcome. Table 59 of the full report showing study characteristics provides information on the studies in
which fractures were analysed as AEs/SAEs.

b. Vertebral fractures were surveyed, but not separately as symptomatic vertebral fractures.

c. Only events from individual PTs were reported, but not results on the SOC of gastrointestinal disorders
(MedDRA coded).

d. See discussion in the body of the text regarding the reasons for unfeasibility.

e. For the AE survey, a coding system other than MedDRA coding was used. The events recorded using this
coding system do not fully reflect the SOC of gastrointestinal disorders (MedDRA coded) according to the
operationalization of the outcome.

e: outcome was recorded

: data were reported but were unusable on the study level: see information provided in the corresponding

AE: adverse event; MedDRA: Medical Dictionary for Regulatory Activities; PT: Preferred Term; SAE: serious
adverse event; SOC: System Organ Class
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4.2.3 Assessment of the risk of bias of the results

The risk of bias across outcomes was rated as low for the FREEDOM and HORIZON-
PFT studies and as high for the DIRECT study. In the DIRECT and HORIZON-PFT studies,
the generation of the randomization sequence was unclear. Additionally, allocation
concealment was unclear in the DIRECT study.

Based on the high risk of bias at study level, the outcome-specific risk of bias was rated as high
for the results of the outcomes reported in the DIRECT study. The risk of bias of results was
rated as low for all reported outcomes except for pain and functional limitations in the
FREEDOM and HORIZON-PET studies and except for osteonecroses in the HORIZON-PET
study. For the FREEDOM and HORIZON-PFT studies’ outcomes of pain and functional
limitations, the high risk of bias was due to a high percentage of study dropouts as well as a
lack of information on whether and how missing values were replaced (FREEDOM study) or
which percentage of participants had missing information at the respective measuring time point
(HORIZON-PFT study). The high risk of bias of the osteonecrosis of the jaw outcome in the
HORIZON-PFT study is due to the fact that the analysis of this outcome was not pre-specified.

Where only 1 study was available on one edge of an indirect comparison and results of
individual outcomes from this study were associated with a high risk of bias, the certainty of
results necessary to conduct an adjusted indirect comparison was insufficient. For the outcomes
of pain, functional limitations, and osteonecrosis of the jaw, no results of sufficient certainty
were therefore available for an adjusted indirect comparison.

Supplementary sensitivity analysis: addition of studies whose participants were at
moderate fracture risk

For the MK0217-035 and MK0217-037 studies, which were added in a sensitivity analysis, the
risk of bias across outcomes was rated as high.

For the MK0217-035 and MK0217-037 studies, the risk of bias of results for the outcomes of
all-cause mortality, SAEs, and discontinuation due to AEs was rated as high due to the high
risk of bias across outcomes. Other patient-relevant outcomes were not surveyed in the studies,
or no usable data were available.

4.2.4 Results on patient-relevant outcomes

Maximum possible strength of evidence given the available data

On the basis of the available information for the outcome of all-cause mortality as well as the
outcomes of the fractures and side effects categories, it was possible to derive at most hints, e.g.
of greater benefit.

Time points taken into account

The studies reported results either after 2 years or after 3 years. The 2 time points were deemed
sufficiently similar and used for the present benefit assessment.
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Subgroup characteristics and other effect modifiers

Only 2 of the 3 studies (FREEDOM, HORIZON-PFT) provided analyses on subgroups and
other effect modifiers. For outcomes on which an indirect comparison of denosumab versus
bisphosphonates was possible, however, overlapping subgroup analyses were reported for both
studies and available for the benefit assessment only regarding the outcome of fractures in the
hip area for the subgroup characteristics of age or BMD (T-score) at the femoral neck. No effect
modification was found for the characteristic of BMD (T-score) of the femoral neck. For the
characteristic of age, the indirect comparison of denosumab versus zoledronate showed a
statistically significant interaction, but the effects in the subgroups were not statistically
significant.

In the MK0217-035 and MK0217-037 studies, which were added in a supplementary sensitivity
analysis, subgroup analyses had been planned, but no results were reported on the outcomes
which are patient relevant for the present benefit assessment.

Overall, no effect modifications are found for the comparison of denosumab versus
bisphosphonates which was investigated in the present benefit assessment.

Results of the comparison of denosumab versus bisphosphonates

Table 5 shows the results of the comparison of denosumab versus zoledronate and the
comparison of denosumab versus zoledronate and alendronate (supplementary sensitivity
analysis). Detailed information on the study results are found in Section A3.3.2 of the full
report.
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Table 5: Comparison of denosumab versus bisphosphonates, overview of effects with regard
to the patient-relevant outcomes (multipage table)

Outcome category

Indirect comparison via common comparators

Outcome Denosumab versus Denosumab versus
zoledronate zoledronate and
alendronate
(supplementary sensitivity
analysis)
Effect estimation [95% CI]; | Effect estimation [95% CI];
p-value p-value
Mortality

All-cause mortality

RR: 0.68 [0.46; 1.01];
p=0.054

RR: 0.60 [0.13; 2.82];
p=0.515

Morbidity

fractures in the hip area

HR: 0.99 [0.55; 1.78];
p=0.974

Distal radius fractures?®

Forearm fractures:
HR: 1.05[0.72; 1.52];
p=0.800

Wrist fractures:

HR: 1.04 [0.70; 1.53];

0.855

Symptomatic vertebral fractures HR: 1.35[0.71; 2.57]; -
p=0.366

Nonvertebral symptomatic fractures HR: 1.08 [0.86; 1.36]; -
p =0.496

Pain

Functional limitations

Health-related quality of life

Side effects

SAEs RR: 1.06 [0.96; 1.17]; RR: 1.22 [0.69; 2.15];
p=0.256 p = 0.490

Discontinuation due to AEs RR: 0.83 [0.64; 1.08]; RR: 0.85 [0.66; 1.09];
p=0.158 p=0.198

Osteonecrosis of the jaw

Symptomatic atypical femoral fractures

AEs of the gastrointestinal tract (SOC)

AEs

SAEs

RR: 0.94 [0.86; 1.02];
p=0.134
RR: 1.33 [0.95; 1.85];
p=0.093
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Table 5: Comparison of denosumab versus bisphosphonates, overview of effects with regard
to the patient-relevant outcomes (multipage table)

Outcome category Indirect comparison via common comparators
Outcome Denosumab versus Denosumab versus
zoledronate zoledronate and
alendronate
(supplementary sensitivity
analysis)
Effect estimation [95% CI]; | Effect estimation [95% CI];
p-value p-value

a. The studies did not provide a specific operationalization for the outcome of distal radius fractures. For the
outcome of distal radius fractures, both possible operationalizations (“forearm fractures” and “wrist
fractures”) were taken into account.

b. For this outcome, nonvertebral fracture events which are presumably symptomatic or clinical nonvertebral
fractures were used (see Section A3.3.2.6 of the full report).

-: no (usable) data reported for the indirect comparison; see discussion in Sections 4.2.2 and 4.2.3

AE: adverse event; CI: confidence interval; HR: hazard ratio; RR: relative risk; SAE: serious adverse event;
SOC: System Organ Class

The alendronate studies MK0217-035 and MK0217-037 each have low case numbers and event
rates in comparison with the zoledronate study HORIZON-PFT. In the metaanalytical summary
assuming a model with random effects, these 2 studies are weighted disproportionately high.
Overall, this leads to a highly imprecise estimate on the bisphosphonate(s) edge. Hence, the
sensitivity analysis is to be deemed non-informative and cannot be used for the weighing of
benefit versus harm of denosumab versus zoledronate and alendronate. Conclusions on the
benefit and harm of denosumab can be drawn only in comparison with zoledronate. However,
the results of the sensitivity analysis are presented as supplementary information.

No statistically significant differences between treatment groups were found or no (usable) data
were reported for the patient-relevant outcomes. This results in no hint of greater or lesser
benefit or harm of denosumab in comparison with zoledronate for any of the outcomes.

4.2.5 Summarizing assessment of the results

Evidence map

Table 6 below shows the evidence map regarding patient-relevant outcomes for the comparison
of denosumab versus bisphosphonates.
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Table 6: Comparison of denosumab versus bisphosphonates; evidence map with regard to
patient-relevant outcomes

Fractures

AEs of the gastrointestinal tract (SOC,

{ |Nonvertebral symptomatic fractures
'« | Symptomatic atypical femoral fractures
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a. The 2 possible operationalizations “forearm fractures” and “wrist fractures” were taken into account (see
Table 30 of the full report).

b. Given the available evidence, conclusions on the benefit or harm associated with denosumab can be drawn
only in comparison with zoledronate (see discussion in text).

c. The prerequisites for drawing conclusions of sufficient certainty of results regarding benefit or harm from an
adjusted indirect comparison were not met.

d. The studies used different instruments for measuring health-related quality of life (FREEDOM: OPAQ-SV;
HORIZON-PFT: mini-OQLQ). The instruments’ structure (type and analysis of the surveyed domains) was
insufficiently comparable. Therefore, no indirect comparison is possible. Hence, no check of validity of the
individual instruments was performed.

e. For this outcome, none of the results are suitable for the indirect comparison because data are not available
on both sides of the indirect comparison.

©: no hint of greater or lesser benefit or harm from denosumab versus zoledronate

-: no data reported for the indirect comparison

AE: adverse event; mini-OQLQ: mini Osteoporosis Quality of Life Questionnaire; OPAQ-SV: Osteoporosis
Assessment Questionnaire Short Version; SAE: serious adverse event; SOC: System Organ Class

Assessment of the volume of unpublished data

No relevant study without reported results has been found (see Section A3.1.4 of the full report).
Therefore, this aspect did not reduce the certainty of results in the present benefit assessment.

As described in Section 4.1, the data transmitted by the manufacturer were incomplete for
risedronate. Publication bias is likely for the intervention of risedronate. Consequently, no
proof, indication, or hint of benefit or harm is derived for the intervention of risedronate (except
for a hint of lesser benefit from the comparison of teriparatide versus risedronate; see
Section 4.3.5).
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Weighing of benefits versus harm

For the comparison of denosumab versus zoledronate (main analysis), no hint of greater or
lesser benefit or harm was found for any of the outcomes.

In the comparison of denosumab versus bisphosphonates, conclusions on the available evidence
could be drawn only for the comparison of denosumab versus zoledronate on the basis of studies
with patients at high fracture risk. This is due, firstly, to studies for a comparison with
denosumab not being available for all bisphosphonates. Due to their disproportionately high
weight (despite low case numbers and, in some cases, lower event rates), the alendronate studies
which were additionally included in a sensitivity analysis led to a highly imprecise estimate on
the bisphosphonate(s) edge in the metaanalyses. Hence, the sensitivity analysis was to be
deemed non-informative. Secondly, for the comparison of the bisphosphonates with each other
(see Section 4.4.5), relevant studies were available not for all bisphosphonates, but only for the
comparison of alendronate versus ibandronate, and the studies were based on low case numbers.
Overall, while the available data do not call into question a joint analysis of bisphosphonates,
they are insufficient for evaluating bisphosphonates as a group.

Overall, across outcomes, there is no hint of greater or lesser benefit or harm from denosumab
versus zoledronate.

4.3 Comparison of teriparatide versus risedronate

Given the available evidence, the study pool for investigating teriparatide versus risedronate
comprises 1 study with patients at high fracture risk (see Table 19 and Table 20 in Section A3.2
of the full report) for which data are in principle available for a comparison of teriparatide
versus risedronate.

4.3.1 Characteristics of the studies included in the assessment

Study design

The VERO [199] study is a double-blind, multicentre RCT. The study started in 2012, and its
treatment duration was 2 years.

The VERO study investigates the intervention of teriparatide versus risedronate. The study
enrolled a total of 1360 patients, who were randomized in a 1:1 ratio either to treatment with
teriparatide (20 pg/day) or risedronate (35 mg/week).

Vertebral fractures were investigated as the primary outcome of the study. Secondary patient-
relevant outcomes surveyed in the study were pain and side effects.

Study population

The mean participant age in the VERO study was about 73 years. Almost all participants were
of Caucasian descent.
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Over 90% of participants had existing fractures. Overall, about one-fourth of participants had
1 existing fracture, and another one-fourth had 2. About 86% of participants had vertebral
fractures, while about 43% had nonvertebral fractures. Regarding other fracture risk factors,
data were available only on body weight, height, BMI, and the percentage of participants with
existing fractures. The average participant weighed 65 kg, was 155 cm in height, and had a BMI
of approximately 27 kg/m?. VERO participants had a mean BMD (T-score) of -2.3 at both the
femoral neck and at the lumbar spine.

Nearly 60% of participants had received prior treatment with bisphosphonates, and < 4% of
participants each with denosumab, SERM, and hormones. On average, prior treatment had been
administered for 4.5 years.

About one-fourth of VERO participants dropped out of the study.

4.3.2 Overview of patient-relevant outcomes

Table 7 shows an overview of the data available on patient-relevant outcomes from the included
VERO study. The data on the outcomes of all-cause mortality, fractures in the hip area, distal
radius fractures, symptomatic vertebral fractures, nonvertebral symptomatic fractures, pain, and
side effects were reported and were usable. No data were available for the outcomes of
functional limitations and health-related quality of life.

Table 7: Matrix of patient-relevant outcomes (direct comparison: teriparatide versus
risedronate)

Study Outcomes

Fractures®

AEs of the gastrointestinal tract (SOC, AEs

and SAEs)

Distal radius fractures
Functional limitations
Health-related quality of life
Osteonecrosis of the jaw

® | Fractures in the hip area

e | Symptomatic vertebral fractures

® | Nonvertebral symptomatic fractures

® | Discontinuation due to AEs

¢ | Symptomatic atypical femoral fractures

® | All-cause mortality

® | Pain
e (SAEs

VERO

a. For the present benefit assessment, fracture outcomes are used if they were surveyed as effectiveness
outcomes using an adequate operationalization.

e: outcome was recorded

—: outcome not recorded

AE: adverse event; SAE: serious adverse event; SOC: System Organ Class
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4.3.3 Assessment of the risk of bias of the results

The risk of bias at the study level was rated as low for the VERO study.

For all outcomes reported in the VERO study, the risk of bias of results was rated as high. In
all outcomes except pain, this is due to the high percentage of study drop-outs. For the outcome
of pain, the high risk of bias is due to a large percentage of participants who were not fully
entered into the analysis. The outcomes of functional limitations and health-related quality of
life were not surveyed in the VERO study.

4.3.4 Results on patient-relevant outcomes

Maximum possible strength of evidence given the available data

The available data resting on 1 study lent themselves to derive at most hints of greater or lesser
benefit or harm for all outcomes.

Time points taken into account

For the VERO study, results were reported after 2 years. These results were used for the present
benefit assessment.

Subgroup characteristics and other effect modifiers

For the VERO study, analyses on subgroup characteristics and other effect modifiers were
available, but only on the outcome of nonvertebral symptomatic fractures, which is patient-
relevant for the present benefit assessment. No statistically significant interaction was found for
this outcome. For other patient-relevant outcomes, an investigation of subgroup characteristics
and other effect modifiers was not possible.

Results on the comparison of teriparatide versus risedronate

Table 8 shows the results of the comparison of teriparatide versus risedronate. Detailed
information on the study results are found in Section A3.4.2 of the full report.
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Table 8: Comparison of teriparatide versus risedronate; overview of effects with regard to
patient-relevant outcomes

Outcome category Direct comparison of teriparatide versus risedronate

Outcome VERO
Effect estimation [95% CI];
p-value

Mortality

All-cause mortality RR: 2.14 [0.88; 5.22];
p=0.097

Morbidity

Fractures in the hip area RR: 0.40 [0.08; 2.05]%;
p=0.290

Distal radius fractures® RR: 0.60 [0.22; 1.64];
p=0.331

Symptomatic vertebral fractures HR: 0.284 [0.14; 0.58];
p=0.002

Nonvertebral symptomatic fractures® HR: 0.66 [0.39; 1.10];
p=0.099

Pain? MD: -0.08 [-0.30; 0.14];
p=10.478

Functional limitations -
Health-related quality of life -
Side effects

SAEs RR: 1.19[0.95; 1.49];
p=0.129
Discontinuation due to AEs RR: 1.40[0.98; 1.99];
p=10.070
Osteonecrosis of the jaw RR: not calculable®
Symptomatic atypical femoral fractures RR: not calculable®
AEs of the gastrointestinal tract (SOC)
AEs RR: 1.26 [1.01; 1.57];
p=0.040
SAEs RR: 1.44 [0.62; 3.36];
p=0.530

a. The 95% confidence interval for relative effect is so imprecise that neither an effect being cut in half nor one
being doubled can be ruled out.

b. A specific operationalization for the outcome of distal radius fractures was not available in the study. For the
outcome of distal radius fractures, the radius fractures events were used.

c. The results on nonvertebral fractures which are presumably symptomatic was used for this outcome.

d. Surveyed as back pain, measured by a numeric rating scale (NRS) from 0 (no back pain) to 10 (worst
imaginable back pain).

e. No events occurred in either study arm.

-: no data reported; see discussion in Section 4.3.2

AE: adverse event; CI: confidence interval; HR: hazard ratio; MD: mean difference; NRS: numerical rating
scale; RR: relative risk; SAE: serious adverse event; SOC: System Organ Class
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Regarding the outcome of symptomatic vertebral fractures, there was a favourable effect for
teriparatide versus risedronate. For symptomatic vertebral fractures, this results in a hint of
greater benefit of teriparatide in comparison with risedronate.

Regarding the outcome of AEs of the gastrointestinal tract, there was an unfavourable effect for
teriparatide versus risedronate. For symptomatic AEs of the gastrointestinal tract, this results in
a hint of greater harm from teriparatide in comparison with risedronate.

There were no other favourable or unfavourable effects of teriparatide versus risedronate.
Consequently, there was no hint of greater or lesser benefit or harm for the other patient-relevant
outcomes.

4.3.5 Summarizing assessment of the results

Evidence map

The following Table 9 shows the evidence map regarding patient-relevant outcomes for the
comparison of teriparatide versus risedronate.

Table 9: Comparison of teriparatide versus risedronate; evidence map regarding the patient-
relevant outcomes

Fractures

AEs of the gastrointestinal tract (SOC, AEs

{ |Nonvertebral symptomatic fractures
{ |Symptomatic atypical femoral fractures
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a. Outcome not recorded.

7 hint of greater benefit of teriparatide versus risedronate

7 hint of greater harm from teriparatide versus risedronate

<: no hint of greater or lesser benefit or harm from teriparatide versus risedronate

(©): no hint; the 95% confidence interval for relative effect is so imprecise that neither halving nor doubling of
effect can be ruled out

-: no data reported

AE: adverse event; SAE: serious adverse event; SOC: System Organ Class
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Assessment of the volume of unpublished data

No relevant study without reported results has been found (see Section A3.1.4 of the full report).
Therefore, this aspect did not reduce the certainty of results in the present benefit assessment.

As described in Section 4.1, the data transmitted by the manufacturer were incomplete for
risedronate. In the comparison of teriparatide versus risedronate, the incompleteness of the
manufacturer documents was irrelevant because all studies were available on this comparison.

Weighing of benefits versus harm

Overall, the favourable effect for teriparatide in comparison with risedronate in the outcome of
symptomatic vertebral fractures is therefore contrasted by an unfavourable effect for
teriparatide in comparison with risedronate in the outcome of AEs of the gastrointestinal tract.
Given the fact that a substantial effect in favour of teriparatide was found for the outcome of
symptomatic vertebral fractures (upper limit of the 95% confidence interval: 0.58), while the
disadvantage in the outcome of AEs of the gastrointestinal tract was marginal (95% confidence
interval: [1.01; 1.57]) and was not found in the SAEs of the gastrointestinal tract, the overall
evaluation of benefit and harm across outcomes derived a hint of greater benefit of teriparatide
versus risedronate.

4.4 Bisphosphonates in comparison with each other

Given the available data, the study pool for comparing bisphosphonates with each other consists
of 6 studies with patients at low fracture risk (MK0217-037, -041, -063, Bai 2013, Guanabens
2013) or moderate fracture risk (TRIO study; see Table 19 und Table 20 in Section A3.2 of the
full report), for which data for comparing bisphosphonates with each other were in principle
available.

As described in Section 4.1, the 4 studies whose participants were at low fracture risk allowed
performing an adjusted indirect comparison of alendronate (MK0217-037, -041, -063 study)
versus zoledronate (Bai 2013 study) via the common comparator of placebo. However, the
adjusted indirect comparison was foregone due to the studies’ missing data. Only the outcome
of SAEs was surveyed on both edges of the comparison (see Table 71 in Section A10 of the
full report). The Bai 2013 study (only study on the zoledronate-placebo edge) either did not
survey any benefit outcomes relevant for the present benefit assessment or no usable data were
available. Hence, it is impossible to weigh benefit and harm. Furthermore, the sensitivity
analysis already investigated the outcome of SAEs for the comparison of denosumab versus
bisphosphonates, specifically for the bisphosphonates of zoledronate and alendronate (see
Table 5 in Section 4.2.4). Data from an indirect comparison of the MK0217-037, -041, -063,
and Bai 2013 studies are not expected to call into question this result on SAEs. The Bai 2013,
MKO0217-037, MK0217-041, and MK0217-063 studies were therefore not further investigated
for the comparison of bisphosphonates with each other.

Institute for Quality and Efficiency in Health Care (IQWiG) -28 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

As described in Section 4.1, the studies Guanabens 2013 (alendronate versus ibandronate) and
TRIO (alendronate versus ibandronate versus risedronate), for which participants’ fracture risk
was deemed low (Guanabens 2013) or moderate (TRIO), allowed a direct comparison of the
bisphosphonates alendronate versus ibandronate in the form of a potential metaanalysis. This
analysis disregarded the additional risedronate arm of the TRIO study. This arm is not presented
below.

The Guanabens 2013 and TRIO studies and their available results are described below.

4.4.1 Characteristics of the studies included in the assessment

Study design

The Guanabens 2013 [128] and TRIO [194] studies were performed as open-label RCTs. The
Guanabens 2013 study was monocentric (Spain), while the TRIO study was performed in the
United Kingdom. The studies’ treatment duration was 2 years, with each study starting in 2007.

Both studies examined the intervention of alendronate (70 mg/week) versus ibandronate
(150 mg/month). The TRIO study additionally had a risedronate arm (35 mg/week). As
described above, the risedronate arm of the TRIO study is irrelevant for the present benefit
assessment and is disregarded below.

At 114 participants (in the study arms relevant for the present benefit assessment), the TRIO
study comprises a larger patient population than the Guanabens 2013 study, which included a
total of 42 participants.

The primary outcome of the TRIO study was the calcaneus stiffness index. Further patient-
relevant outcomes investigated in the TRIO study include outcomes of fractures and side
effects. The Guanabens 2013 study investigated BMD (lumbar spine, proximal femur) and
fracture and side effects outcomes.

Study populations

The Guanabens 2013 and TRIO studies had a mean participant age of 65 and 68, respectively.
Neither of the studies provided any information on participant ancestry.

The fracture risk factor of BMI was reported in both studies and was comparable between the
studies (mean BMI: 26.6 and 26.2 kg/m?, respectively). Information on participants’ mean
bodyweight (67 kg) and height (160 cm) was available only for the TRIO study, however.

Both studies provided data on lumbar spine BMD. Guanabens 2013 participants exhibited a
mean T-score of -2.6, while TRIO participants had a mean T-score of -2.3. Femoral neck BMD
was reported only by the Guanabens 2013 study (mean T-score: -1.8).

Unlike the TRIO study, the Guanabens 2013 study reported information on the percentage of
participants with existing fractures (alendronate: 59%; ibandronate: 25%). Both studies
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reported data, albeit few, on the specific localization of existing fractures. Only the TRIO study
provided data on participants with existing hip fractures (alendronate: 3.5%; ibandronate:
1.8%), while only the Guanabens 2013 study reported on patients with existing nonvertebral
fractures (alendronate: 45%; ibandronate: 20%). The only information available from both
studies was the percentage of participants with existing vertebral fractures. It showed that 18%
to 23% of participants had vertebral fractures, with the TRIO study’s ibandronate arm coming
in at only 9%.

While TRIO participants exhibited no concomitant disease or therapies affecting fracture risk,
all Guanabens 2013 participants had primary biliary cholangitis. Data on prior treatment were
available only for the TRIO study, In this study, virtually all patients had received no prior
treatment.

Overall, study drop-out was more common in TRIO participants (about 45%) than in
Guanabens 2013 participants (about 21%).

4.4.2 Overview of patient-relevant outcomes

Table 10 presents an overview of the data available on patient-relevant outcomes from the
included studies. Only on the SAEs outcome were data reported by both studies and usable for
the benefit assessment. Results on the outcomes of fractures as well as discontinuation due to
AEs were reported only for the Guanabens 2013 study, while AEs of the gastrointestinal tract
were reported only for the TRIO study. The Guanabens 2013 study reported no data on the
outcome of all-cause mortality despite its methods discussing this survey. None of the studies
reported data on the outcomes of pain, functional limitations, health-related quality of life,
osteonecrosis of the jaw, and symptomatic atypical femoral fractures.
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Table 10: Matrix of patient-relevant outcomes (direct comparison: alendronate versus
ibandronate)

Study Outcomes

Fractures®

AEs of the gastrointestinal tract (SOC, AEs

Symptomatic atypical femoral fractures

® | Nonvertebral symptomatic fractures
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a. For the present benefit assessment, fracture outcomes are used if they were surveyed as effectiveness
outcomes using an adequate operationalization. Results on fractures which were reported in the AE/SAE
analysis, e.g. as individual PTs, are disregarded because, firstly, it is unclear whether said fractures were
low-trauma fractures typical for osteoporosis. Secondly, the analysis in the context of AEs/SAE:s is
insufficiently comparable to a clearly defined and systematic survey of fractures as an effectiveness
outcome. Table 59 of the full report showing study characteristics provides information on the studies in
which fractures were analysed as AEs/SAEs.

b. Vertebral fractures were surveyed, but not separately as symptomatic vertebral fractures.

®: outcome was recorded

x: data were not reported despite the collection of these data being pre-specified

—: outcome not recorded

AE: adverse event; PT: preferred term; SAE: serious adverse event; SOC: System Organ Class

4.4.3 Assessment of the risk of bias of the results

The risk of bias across outcomes was rated as high for both Guanabens 2013 and TRIO. This
was due to unclear allocation concealment as well as lack of blinding of participants (TRIO
study) or the treatment provider (Guanabens 2013 study). In the Guanabens 2013 study, it was
additionally unclear whether all pre-specified outcomes were fully reported because neither a
study report nor a publication on the study design or study registry entry were available. In the
TRIO study, the study arms were imbalanced with regard to pre-existing vertebral fractures at
baseline (ibandronate 9% versus alendronate 23%). Due to delayed approval of the TRIO study
duration, which was subsequently extended by 1 year, a high percentage of participants dropped
out of the study after the end of the 1% phase (1 year) (27%). No justification was available for
the subsequent doubling of the study duration.
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For the outcomes surveyed or reported in the Guanabens 2013 and TRIO studies, the outcome-
specific risk of bias was rated as high due to the high risk of bias on the study level.

4.4.4 Results on patient-relevant outcomes

Maximum possible strength of evidence given the available data

On the basis of the available information, it was possible to derive at most indications, e.g. of
greater benefit, for outcomes of the fractures and side effects categories.

Time points taken into account

For the Guanabens 2013 and TRIO studies, results after 2 years were reported. These results
were used for the present benefit assessment.

Subgroup characteristics and other effect modifiers

In the Guanabens 2013 and TRIO studies, analyses of subgroups or other effect modifiers were
not available for any of the outcomes which are patient relevant for the present benefit
assessment. Given the available evidence, it is impossible to investigate potential effect
modifiers for the comparison of different bisphosphonates with each other.

Results of the comparison of different bisphosphonates with each other

Table 11 shows the results of the comparison of different bisphosphonates with each other
Detailed information on the study results are found in Section A3.5.2 of the full report.
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Table 11: Comparison of different bisphosphonates with each other; overview of effects with
regard to the patient-relevant outcomes

Outcome category Direct comparison of alendronate versus ibandronate

Outcome Guanabens 2013 TRIO
Effect estimation [95% CI]; | Effect estimation [95% CI];
p-value p-value

Mortality

All-cause mortality - -

Morbidity

Fractures in the hip area® RR: not calculable® -

Distal radius fractures® RR: not calculable® -

Symptomatic vertebral fractures - -

Nonvertebral symptomatic fractures® RR: not calculable® -

Pain - -

Functional limitations - -
Health-related quality of life - -
Side effects

SAEs® RR: not calculable® RR: 0.29 [0.06; 1.32];
p=0.095
Discontinuation due to AEs RR: 0.81 [0.09; 2.22]¢; -
p=10.358

Osteonecrosis of the jaw - -

Symptomatic atypical femoral fractures - -
AEs of the gastrointestinal tract (SOC)

AEs ; RR: 1.29 [0.83; 1.99]:
p=0279

SAEs - RR: 0.14 [0.01; 2.70]¢;
p=0.093

a. The studies did not offer a specific operationalization for this outcome. The information available on the
Guanabens 2013 study show that, overall, no nonvertebral fractures occurred.

b. No events occurred in either study arm.

c. No meta-analysis was performed because in 1 of 2 studies, no event occurred.

d. The 95% confidence interval for relative effect is so imprecise that neither an effect being cut in half nor one
being doubled can be ruled out.

-: no data reported; see discussion in Section 4.4.2

AE: adverse event; CI: confidence interval; RR: relative risk; SAE: serious adverse event; SOC: System Organ
Class

No statistically significant differences between treatment groups were found or no (usable) data
were reported for the patient-relevant outcomes. This results in no hint of greater or lesser
benefit of alendronate in comparison with ibandronate for any of the outcomes.
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4.4.5 Summarizing assessment of the results

Evidence map

The following Table 12 shows the evidence map regarding patient-relevant outcomes for the
comparison of different bisphosphonates with each other.

Table 12: Comparison of different bisphosphonates with each other; evidence map with
regard to patient-relevant outcomes

Fractures

AEs of the gastrointestinal tract (SOC,

{ |Nonvertebral symptomatic fractures
's | Symptomatic atypical femoral fractures
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a. Outcome not recorded or, for the outcome of all-cause mortality, not reported despite its survey being pre-
specified.

©: no hint of greater or lesser benefit or harm from alendronate versus ibandronate

(©): no hint; the 95% confidence interval for relative effect is so imprecise that neither halving nor doubling of
effect can be ruled out

-: no data reported

AE: adverse event; SAE: serious adverse event; SOC: System Organ Class

Assessment of the volume of unpublished data

No relevant study without reported results has been found (see Section A3.1.4 of the full report).
Therefore, this aspect did not reduce the certainty of results in the present benefit assessment.

As described in Section 4.1, the data transmitted by the manufacturer were incomplete for
risedronate. Publication bias is likely for the intervention of risedronate. Consequently, no
proof, indication, or hint of benefit or harm is derived for the intervention of risedronate (except
for a hint of lesser benefit from the comparison of teriparatide versus risedronate; see
Section 4.3.5).
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Weighing of benefits versus harm

For the comparison between the bisphosphonates of alendronate versus ibandronate, no hint of
greater or lesser benefit or harm was found in any of the outcomes.

While the available data show no signs of any differences between the bisphosphonates of
alendronate and ibandronate, the data are insufficient for the bisphosphonates in the present
benefit assessment to be generally regarded as an active substance group. This is due, firstly, to
directly comparative data being available only for the comparison of the bisphosphonates
alendronate versus ibandronate, which were further based on low patient numbers. Secondly,
in the comparison of denosumab versus bisphosphonates, the alendronate studies led to a highly
imprecise estimate and consequently to non-informative sensitivity analyses due to their
disproportionately high weight in the metaanalyses of the studies with zoledronate or
alendronate (despite low case numbers and, in some cases, low event rates). Hence, the analyses
comparing the investigated bisphosphonates were unsuitable for establishing sufficient
homogeneity or potential heterogeneity (see Section 4.2.5).

Overall, there is no hint of greater or lesser benefit or harm from alendronate versus ibandronate
across outcomes. It must be noted that this overall conclusion rests on results from studies which
enrolled few participants and, in some cases, exhibited very low event rates. All things
considered, the absence of a hint of greater or lesser harm does not represent proof of the
investigated drugs’ equivalence.
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5 Classification of the work result

As commissioned by the G-BA and in accordance with the report plan [209], the goal of the
present benefit assessment was to investigate bisphosphonates, teriparatide, and denosumab in
comparison with each other. The research question comprised an assessment of
bisphosphonates in comparison with each other. At the time the G-BA commissioned the
Institute, the bisphosphonates alendronate, ibandronate, risedronate, and zoledronate (including
combinations with alfacalcidol, cholecalciferol, or calcium) were available in Germany for the
treatment of postmenopausal osteoporosis.

Given the available data, it was impossible to create a complete network including all drugs.
Instead, the individual comparisons possible based on the available data were analysed:
(1) denosumab  versus  bisphosphonates, (2) teriparatide versus risedronate, and
(3) bisphosphonates in comparison with each other.

The check for similarity verified that the included studies exhibit sufficient similarity, and in
the process, studies with participants at high fracture risk were distinguished from those with
participants at low or moderate fracture risk.

According to the report plan, bisphosphonates were to be viewed as therapeutically comparable
and — unless assumptions on structural quality were blatantly violated — were to be analysed
primarily as a node in a network (see Section A2.3.3 of the full report). While the available
evidence does not call into question the joint analysis of bisphosphonates, it was overall
insufficient for drawing general conclusions on bisphosphonates as a drug group. For some
bisphosphonates, for instance, data for a comparison with denosumab or with teriparatide or for
comparisons of bisphosphonates with each other were unavailable. In the comparison of
bisphosphonates versus denosumab, only zoledronate (participants at high fracture risk) was
available for analysis regarding patient-relevant outcomes. Due to their disproportionately high
weight (despite low case numbers and, in some cases, lower event rates), the alendronate studies
which were additionally included in a sensitivity analysis led to a highly imprecise estimate on
the bisphosphonate(s) edge in the metaanalyses. Hence, the sensitivity analysis was to be
deemed non-informative. Drawing conclusions on the benefit or harm of denosumab was
possible only in comparison with zoledronate. For the comparison of different bisphosphonates
with each other, data were likewise available only on the 2 bisphosphonates of alendronate and
ibandronate, which further rested on low case numbers.

In addition, the manufacturer’s data transmission was incomplete for risedronate. Publication
bias is likely for the intervention of risedronate. Consequently, no proof, indication, or hint of
benefit or harm is derived for the intervention of risedronate (except for a hint of lesser benefit
from the comparison of teriparatide versus risedronate; see explanation below).

However, the available data allowed comparing risedronate versus teriparatide. Since there was
no connection to a network and all studies were available for the presentation of results on the
comparison of teriparatide versus risedronate, the incompleteness of manufacturer documents
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for risedronate is irrelevant in this case. For the direct comparison of teriparatide versus
risedronate, the manufacturer documents were complete.

Overall, the available studies provide insufficient evidence. The insufficient data availability
for assessing participants’ fracture risk is problematic from a methodological and technical
perspective. Consequently, it was impossible to check these studies for similarity regarding the
key factor of fracture risk, and the studies in question therefore had to be disregarded in a
potential network metaanalysis.

Due to poor data availability on patient-relevant outcomes, the description of the interventions’
benefit and harm is limited in the studies used for the individual comparisons. The available
evidence was insufficient, particularly for the outcomes of pain, functional limitations, health-
related quality of life, osteonecrosis of the jaw, and symptomatic atypical femoral fractures.

Regarding the outcomes of osteonecrosis of the jaw and symptomatic atypical femoral
fractures, it must be noted that they represent side effects which are known to occur in
bisphosphonates treatment but have not yet been described for teriparatide. Since in the
analysed studies, such events did not occur under either drug, teriparatide or risedronate, there
is no hint of greater or lesser harm from teriparatide versus risedronate. This does not prove
equivalence of the investigated drugs with regard to the 2 outcomes. Nevertheless,
osteonecrosis of the jaw and symptomatic atypical femoral fractures represent relevant
treatment-related outcomes in the present therapeutic indication. Therefore, it is reasonable to
compare bisphosphonates and the other drugs to be assessed for these outcomes in the present
benefit assessment.

The overall limited amount of available evidence represents a general limitation for the present
benefit assessment.

Notably, no studies were available which would have allowed a comparison of different
treatment sequences. Given the available evidence, it was impossible to investigate these
treatment strategies involving several drugs administered consecutively, which are gaining in
importance due to the typically longer disease durations and the resulting long-term
treatment [16].
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6 Conclusion

Given the available evidence, the following individual comparisons were taken into account in
the benefit assessment: denosumab versus bisphosphonates, teriparatide versus risedronate as
well as bisphosphonates in comparison with each other.

For risedronate, the data transmission by the manufacturer was incomplete. Publication bias
likely arose with respect to the risedronate intervention. Consequently, no proof, indication, or
hint of benefit or harm is derived for the intervention of risedronate (except for a hint of lesser
benefit from the comparison of teriparatide versus risedronate). In the comparison of
teriparatide versus risedronate, the incompleteness of the manufacturer documents was
irrelevant because all studies were available on this comparison.

The available evidence for patient-relevant outcomes is deemed limited overall. The available
evidence was insufficient, particularly for the outcomes of pain, functional limitations, health-
related quality of life, osteonecrosis of the jaw, and symptomatic atypical femoral fractures.

Comparison of denosumab versus bisphosphonates

For the comparison of denosumab versus bisphosphonates, the available data allow drawing
robust conclusions only in comparison with the drug zoledronate.

The evidence shows the following:

= No hint of greater benefit or harm resulted from the available data for the outcomes of all-
cause mortality, fractures in the hip area, distal radius fractures, symptomatic vertebral
fractures, nonvertebral symptomatic fractures, SAEs, discontinuation due to AEs as well
as AEs and SAEs of the gastrointestinal tract.

= For the outcomes of pain, functional limitations, health-related quality of life,
osteonecrosis of the jaw, and symptomatic atypical femoral fractures, no data usable for
the comparison of denosumab versus bisphosphonates were available; therefore, no hint
of greater benefit or harm resulted for any of them.

In the overall weighing of benefit and harm, there was no hint of greater or lesser benefit or
harm for treatment with denosumab in comparison with zoledronate across outcomes.

Comparison of teriparatide versus risedronate

For the comparison of teriparatide versus risedronate, which can be conducted given the
available data, the evidence shows the following:

* For the outcome of symptomatic vertebral fractures, there was a hint of greater benefit of
teriparatide versus risedronate.

* For the outcome of AEs of the gastrointestinal tract, there was a hint of greater harm from
teriparatide versus risedronate.
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» No hint of greater benefit or harm was found on the basis of the available data for the
outcomes of all-cause mortality, fractures in the hip area, distal radius fractures,
nonvertebral symptomatic fractures, pain, SAEs, discontinuation due to AEs,
osteonecrosis of the jaw, and symptomatic atypical femoral fractures as well as SAEs of
the gastrointestinal tract.

*= No data were available for the outcomes of functional limitations or health-related quality
of life; this resulted in no hint of greater harm or benefit.

Overall, the favourable effect for teriparatide in comparison with risedronate in the outcome of
symptomatic vertebral fractures is therefore contrasted by an unfavourable effect for
teriparatide in comparison with risedronate in the outcome of AEs of the gastrointestinal tract.
Given the fact that the outcome of symptomatic vertebral fractures showed a substantial effect
in favour of teriparatide (upper limit of the 95% confidence interval: 0.58), while the
disadvantage was marginal in the outcome of AEs of the gastrointestinal tract (95% confidence
interval: [1.01; 1.57]) and not present in SAEs of the gastrointestinal tract, the overall weighing
of benefit and harm across outcomes resulted in a hint of greater benefit of teriparatide versus
risedronate.

Bisphosphonates in comparison with each other

For the comparison of bisphosphonates with each other, robust conclusions based on the
available data can be drawn only for the drugs of alendronate and ibandronate.

The evidence shows the following:

* No hint of greater benefit or harm was found based on the available data for the outcomes
of fractures in the hip area, distal radius fractures, nonvertebral symptomatic fractures,
SAE:s, discontinuation due to AEs, or AEs and SAEs of the gastrointestinal tract.

* No data were available for the outcomes of all-cause mortality, symptomatic vertebral
fractures, pain, functional limitations, health-related quality of life, osteonecrosis of the
jaw, and symptomatic atypical femoral fractures; this resulted in no hint of greater benefit
or harm for any of them.

In the overall weighing of benefit and harm, there was no hint of greater or lesser benefit or
harm of alendronate versus ibandronate across outcomes.

Institute for Quality and Efficiency in Health Care (IQWiG) -39 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

References for English extract

Please see full final report for full reference list.

1. European Medicines Agency. Guideline on the evaluation of medicinal products in the
treatment of primary osteoporosis [online]. 2006 [Accessed: 02.08.2019]. URL:
https://www.ema.ceuropa.eu/en/documents/scientific-guideline/guideline-evaluation-
medicinal-products-treatment-primary-osteoporosis_en.pdf.

2. Kanis JA. Assessment of osteoporosis at the primary health-care level; report of a WHO
Scientific Group [online]. 2007 [Accessed: 16.10.2019]. URL.:
https://www.sheffield.ac.uk/FRAX/pdfs/WHO Technical Report.pdf.

3. National Institutes of Health. Osteoporosis prevention, diagnosis, and therapy. NIH
Consens Statement 2000; 17(1): 1-45.

4. Rossini M, Adami S, Bertoldo F et al. Guidelines for the diagnosis, prevention and
management of osteoporosis. Reumatismo 2016; 68(1): 1-39.
https://dx.doi.org/10.4081/reumatismo.2016.870.

5. Dachverband Osteologie. Prophylaxe, Diagnostik und Therapie der Osteoporose bei
postmenopausalen Frauen und bei Miannern; Langfassung [online]. 2019 [Accessed:
09.07.2019]. URL: https://www.awmf.org/uploads/tx_szleitlinien/183-0011 S3 Osteoporose-
Prophylaxe-Diagnostik-Therapie_2019-02.pdf.

6. National Clinical Guideline Centre. Osteoporosis: fragility fracture risk; assessing the risk
of fragility fracture [online]. 2019 [Accessed: 16.10.2019]. URL:
https://www.nice.org.uk/guidance/cgl46/evidence/full-guideline-pdf-186818365.

7. Institut fiir Qualitit und Wirtschaftlichkeit im Gesundheitswesen. Osteoporose; Ursachen
[online]. 2018 [Accessed: 20.01.2022]. URL.:
https://www.gesundheitsinformation.de/osteoporose.html#Ursachen.

8. Kanis JA, Cooper C, Rizzoli R et al. European guidance for the diagnosis and management
of osteoporosis in postmenopausal women. Osteoporos Int 2019; 30(1): 3-44.
https://dx.doi.org/10.1007/s00198-018-4704-5.

9. National Osteoporosis Guideline Group. Clinical guideline for the prevention and treatment
of osteoporosis [online]. 2021 [Accessed: 25.08.2022]. URL:
https://www.nogg.org.uk/sites/nogg/download/NOGG-Guideline-2021-g.pdf.

10. Camacho PM, Petak SM, Binkley N et al. American Association of Clinical
Endocrinologists/American College of Endocrinology Clinical Practice Guidelines for the
Diagnosis and Treatment of Postmenopausal Osteoporosis-2020 Update. Endocr Pract 2020;
26(Suppl 1): 1-46. https://dx.doi.org/10.4158/g1-2020-0524suppl.

11. Institut fiir Qualitit und Wirtschaftlichkeit im Gesundheitswesen. Osteoporose; Diagnose
[online]. 2018 [Accessed: 20.01.2022]. URL.:
https://www.gesundheitsinformation.de/osteoporose.html#Diagnose.

Institute for Quality and Efficiency in Health Care (IQWiG) -40 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

12. Institut fiir Qualitit und Wirtschaftlichkeit im Gesundheitswesen. Leitliniensynopse fiir
ein DMP Osteoporose; Rapid Report [online]. 2018 [Accessed: 11.05.2018]. URL:
https://www.igwig.de/download/V17-02_Rapid-Report DMP-Osteoporose_V1-0.pdf.

13. Crandall CJ, Newberry SJ, Diamant A et al. Comparative effectiveness of pharmacologic
treatments to prevent fractures: an updated systematic review. Ann Intern Med 2014; 161(10):
711-723. https://dx.doi.org/10.7326/M14-0317.

14. Institut fiir Qualitdt und Wirtschaftlichkeit im Gesundheitswesen. Osteoporose;
Behandlung [online]. 2018 [Accessed: 20.01.2022]. URL.:
https://www.gesundheitsinformation.de/osteoporose.html#Behandlung.

15. Leder BZ, Tsai JN, Uihlein AV et al. Denosumab and teriparatide transitions in
postmenopausal osteoporosis (the DATA-Switch study): extension of a randomised controlled
trial. Lancet 2015; 386(9999): 1147-1155. https://dx.doi.org/10.1016/S0140-6736(15)61120-
5.

16. Lorentzon M. Treating osteoporosis to prevent fractures: current concepts and future
developments. J Intern Med 2019; 285(4): 381-394. https://dx.doi.org/10.1111/joim.12873.

17. Barrionuevo P, Kapoor E, Asi N et al. Efficacy of pharmacological therapies for the
prevention of fractures in postmenopausal women: a network meta-analysis. J Clin
Endocrinol Metab 2019; 104(5): 1623-1630. https://dx.doi.org/10.1210/jc.2019-00192.

18. Freemantle N, Cooper C, Diez-Perez A et al. Results of indirect and mixed treatment
comparison of fracture efficacy for osteoporosis treatments: a meta-analysis. Osteoporos Int
2013; 24(1): 209-217. https://dx.doi.org/10.1007/s00198-012-2068-9.

19. Hopkins RB, Goeree R, Pullenayegum E et al. The relative efficacy of nine osteoporosis
medications for reducing the rate of fractures in post-menopausal women. BMC
Musculoskelet Disord 2011; 12: 209. https://dx.doi.org/10.1186/1471-2474-12-209.

20. Jansen JP, Bergman GJ, Huels J et al. The efficacy of bisphosphonates in the prevention
of vertebral, hip, and nonvertebral-nonhip fractures in osteoporosis: a network meta-analysis.
Semin Arthritis Rheum 2011; 40(4): 275-284.¢2.
https://dx.doi.org/10.1016/j.semarthrit.2010.06.001.

21. Migliore A, Broccoli S, Massafra U et al. Ranking antireabsorptive agents to prevent
vertebral fractures in postmenopausal osteoporosis by mixed treatment comparison meta-
analysis. Eur Rev Med Pharmacol Sci 2013; 17(5): 658-667.

22. Murad MH, Drake MT, Mullan RJ et al. Comparative effectiveness of drug treatments to

prevent fragility fractures: a systematic review and network meta-analysis. J Clin Endocrinol
Metab 2012; 97(6): 1871-1880. https://dx.doi.org/10.1210/j¢.2011-3060.

23. Kanis JA, Oden A, Johnell O et al. The use of clinical risk factors enhances the
performance of BMD in the prediction of hip and osteoporotic fractures in men and women.
Osteoporos Int 2007; 18(8): 1033-1046. https://dx.doi.org/10.1007/s00198-007-0343-y.

Institute for Quality and Efficiency in Health Care (IQWiG) -41 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

24. Kanis JA, Johnell O, Oden A et al. FRAX and the assessment of fracture probability in
men and women from the UK. Osteoporos Int 2008; 19(4): 385-397.
https://dx.doi.org/10.1007/s00198-007-0543-5.

25. Kanis JA, McCloskey EV, Johansson H et al. Development and use of FRAX in
osteoporosis. Osteoporos Int 2010; 21 Suppl 2: S407-413. https://dx.doi.org/10.1007/s00198-

010-1253-y.
26. Cosman F, McMahon D, Dempster D et al. Standard versus cyclic teriparatide and

denosumab treatment for osteoporosis: a randomized trial. J Bone Miner Res 2020; 35(2):
219-225. https://dx.doi.org/10.1002/jbmr.3850.

27. Health Research. The treatment of osteoporosis using a combination of teriparatide
(Forteo) and denosumab [online]. 2017 [Accessed: 03.07.2020]. URL.:
https://ClinicalTrials.gov/show/NCT02130973.

28. Cosman F, Nieves JW, Roimisher C et al. Administration of teriparatide for four years
cyclically compared to two years daily in treatment naive and alendronate treated women.
Bone 2019; 120: 246-253. https://dx.doi.org/10.1016/j.bone.2018.10.020.

29. Cosman F, Nieves JW, Zion M et al. Daily or cyclical teriparatide treatment in women
with osteoporosis on no prior therapy and women on alendronate. J Clin Endocrinol Metab
2015; 100(7): 2769-2776. https://dx.doi.org/10.1210/jc.2015-1715.

30. Helen Hayes Hospital. Cyclic versus daily teriparatide on bone mass [online]. 2017
[Accessed: 06.07.2020]. URL: https://ClinicalTrials.gov/show/NCT00668941.

31. Hirsch C. In postmenopausal women with osteoporosis, romosozumab followed by
alendronate reduced fractures vs alendronate alone. Ann Intern Med 2018; 168(2): JC3.
https://dx.doi.org/10.7326/ACPJC-2018-168-2-003.

32. Saag KG, Petersen J, Brandi ML et al. Romosozumab or alendronate for fracture
prevention in women with osteoporosis. N Engl J Med 2017; 377(15): 1417-1427.
https://dx.doi.org/10.1056/NEJMoal708322.

33. Amgen. A multicenter, international, randomized, double-bind, alendronate-controlled
study to determine the efficacy and safety of romosozumab in the treatment of
postmenopausal women with osteoporosis [online]. [Accessed: 09.07.2020]. URL:
https://www.ins.gob.pe/ensayosclinicos/rpec/recuperarECPBNuevoEN.asp?numec=085-12.

34. Amgen. A multicenter, international, randomized, double-blind, alendronate-controlled
study to determine the efficacy and safety of AMG 785 in the treatment of postmenopausal
women with osteoporosis [online]. [Accessed: 09.07.2020]. URL:
https://www.clinicaltrialsregister.eu/ctr-search/search?query=eudract number:2011-003142-
41.

35. Amgen. Study to determine the efficacy and safety of romosozumab in the treatment of
postmenopausal women with osteoporosis (ARCH) [online]. 2018 [Accessed: 03.07.2020].
URL: https://ClinicalTrials.gov/show/NCT01631214.

Institute for Quality and Efficiency in Health Care (IQWiG) -42 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

36. Institut fiir Qualitdt und Wirtschaftlichkeit im Gesundheitswesen. Romosozumab
(Osteoporose) — Nutzenbewertung gemil § 35a SGB V; Dossierbewertung [online]. 2020
[Accessed: 16.04.2021]. URL: https://www.igwig.de/download/a20-

24 _romosozumab_nutzenbewertung-35a-sgb-v_v1-0.pdf.

37. Miyauchi A, Matsumoto T, Sugimoto T et al. Effects of teriparatide on bone mineral
density and bone turnover markers in Japanese subjects with osteoporosis at high risk of
fracture in a 24-month clinical study: 12-month, randomized, placebo-controlled, double-
blind and 12-month open-label phases. Bone 2010; 47(3): 493-502.
https://dx.doi.org/10.1016/j.bone.2010.05.022.

38. Yamamoto T, Tsujimoto M, Hamaya E et al. Assessing the effect of baseline status of
serum bone turnover markers and vitamin D levels on efficacy of teriparatide 20 mug/day
administered subcutaneously in Japanese patients with osteoporosis. ] Bone Miner Metab
2013; 31(2): 199-205. https://dx.doi.org/10.1007/s00774-012-0403-z.

39. Yamamoto T, Tsujimoto M, Sowa H. Safety of daily teriparatide treatment: a post hoc
analysis of a Phase III study to investigate the possible association of teriparatide treatment
with calcium homeostasis in patients with serum procollagen type I N-terminal propeptide
elevation. Clin Interv Aging 2015; 10: 1101-1109. https://dx.doi.org/10.2147/CIA.S83549.

40. Eli Lilly. Phase 3 clinical trial of teriparatide in Japan [online]. 2010 [Accessed:
03.07.2020]. URL: https://ClinicalTrials.gov/show/NCT00433160.

41. Eli Lilly. Efficacy and Safety of LY333334 in Japanese Patients with Osteoporosis; study
B3D-JE-GHDB; clinical study report [unpublished]. 2010.

42. Adami S, San Martin J, Munoz-Torres M et al. Effect of raloxifene after recombinant
teriparatide [hPTH(1-34)] treatment in postmenopausal women with osteoporosis. Osteoporos
Int 2008; 19(1): 87-94. https://dx.doi.org/10.1007/s00198-007-0485-y.

43. Eli Lilly. Sequential use of teriparatide and raloxifene HCI in the treatment of
postmenopausal women with osteoporosis [online]. 2007 [Accessed: 03.07.2020]. URL:
https://ClinicalTrials.gov/show/NCT00035256.

44. Bai H, Jing D, Guo A et al. Randomized controlled trial of zoledronic acid for treatment
of osteoporosis in women. J Int Med Res 2013; 41(3): 697-704.
https://dx.doi.org/10.1177/0300060513480917.

45. Carfora E, Sergio F, Bellini P et al. Effect of treatment of postmenopausal osteoporosis
with continuous daily oral alendronate and the incidence of fractures. Gazz Med Ital 1998;
157(4): 105-109.

46. Rizzoli R, Chapurlat RD, Laroche JM et al. Effects of strontium ranelate and alendronate
on bone microstructure in women with osteoporosis: results of a 2-year study. Osteoporos Int
2012; 23(1): 305-315. https://dx.doi.org/10.1007/s00198-011-1758-z.

Institute for Quality and Efficiency in Health Care (IQWiG) -43 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

47. Rizzoli R, Laroche M, Krieg MA et al. Strontium ranelate and alendronate have differing
effects on distal tibia bone microstructure in women with osteoporosis. Rheumatol Int 2010;
30(10): 1341-1348. https://dx.doi.org/10.1007/s00296-010-1542-y.

48. Institut de Recherches Internationales Servier. A double-blind, multicentric, multinational
randomised study to assess the effects of two years administration of 2g per day of strontium
ranelate versus alendronate 70mg per week in women with postmenopausal osteoporosis on
bone microarchitecture measured by high resolution peripheral-Quantitative Computed
Tomography (p-QCT) [online]. [Accessed: 09.07.2020]. URL.:
https://www.clinicaltrialsregister.eu/ctr-search/search?query=eudract number:2006-002732-
22.

49. Institut de Recherches Internationales Servier. A double-blind, multicentric, multinational
randomised study to assess the effects of one year administration of 2 g per day of strontium
ranelate versus marketed bisphosphonates in women with postmenopausal osteoporosis on
bone microarchitecture as measured by high-resolution peripheral-quantitative computed
tomography (p-QCT) [online]. 2018 [Accessed: 06.07.2020]. URL.:
http://isrctn.com/ISRCTN82719233.

50. Institut de Recherches Internationales Servier. A double-blind, multicentric, multinational
randomised study to assess the effects of two years administration of 2 g per day of strontium
ranelate versus alendronate 70 mg per week in women with postmenopausal osteoporosis on
bone geometry and bone strength measured by peripheral-Quantitative Computed
Tomography (p-QCT) [online]. [Accessed: 09.07.2020]. URL.:
https://www.clinicaltrialsregister.eu/ctr-search/search?query=eudract number:2007-001509-
11.

51. Nakamura T, Matsumoto T, Sugimoto T et al. Clinical Trials Express: fracture risk
reduction with denosumab in Japanese postmenopausal women and men with osteoporosis:
denosumab fracture intervention randomized placebo controlled trial (DIRECT). J Clin
Endocrinol Metab 2014; 99(7): 2599-2607. https://dx.doi.org/10.1210/jc.2013-4175.

52. Sone T, Kon N, Gaither KW et al. Effects of 3-year denosumab treatment on hip structure
in Japanese postmenopausal women and men with osteoporosis. Bone Rep 2017; 7: 164-171.
https://dx.doi.org/10.1016/j.bonr.2017.11.002.

53. Daiichi Sankyo. Denosumab fracture intervention randomized placebo controlled trial in
Japanese patients with osteoporosis (DIRECT) [online]. 2015 [Accessed: 03.07.2020]. URL:
https://ClinicalTrials.gov/show/NCT00680953.

54. Daiichisankyo. Denosumab fracture intervention randomized placebo controlled trial in
Japanese patients with osteoporosis [online]. 2015 [Accessed: 09.07.2020]. URL:
https://www.clinicaltrials.jp/user/showCteDetailE.jsp?japicld=JapicCTI-090797.

Institute for Quality and Efficiency in Health Care (IQWiG) -44 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

55. Bianchi G, Czerwinski E, Kenwright A et al. Long-term administration of quarterly IV
ibandronate is effective and well tolerated in postmenopausal osteoporosis: 5-year data from
the DIVA study long-term extension. Osteoporos Int 2012; 23(6): 1769-1778.
https://dx.doi.org/10.1007/s00198-011-1793-9.

56. Delmas PD, Adami S, Strugala C et al. Intravenous ibandronate injections in
postmenopausal women with osteoporosis: one-year results from the dosing intravenous
administration study. Arthritis Rheum 2006; 54(6): 1838-1846.
https://dx.doi.org/10.1002/art.21918.

57. Eisman JA, Civitelli R, Adami S et al. Efficacy and tolerability of intravenous ibandronate
injections in postmenopausal osteoporosis: 2-year results from the DIVA study. J Rheumatol
2008; 35(3): 488-497.

58. Recker RR, Ste-Marie LG, Langdahl B et al. Effects of intermittent intravenous
ibandronate injections on bone quality and micro-architecture in women with postmenopausal
osteoporosis: the DIVA study. Bone 2010; 46(3): 660-665.
https://dx.doi.org/10.1016/].bone.2009.11.004.

59. Sambrook P, Cranney A, Adachi JD. Risk reduction of non-vertebral fractures with
intravenous ibandronate: post-hoc analysis from DIVA. Curr Med Res Opin 2010; 26(3): 599-
604. https://dx.doi.org/10.1185/03007990903512321.

60. F. Hoffmann-La Roche. Open label, parallel group, multicenter study of two IV
ibandronate regimens (2 mg every 2 months and 3 mg every 3 months) in women with
postmenopausal osteoporosis who completed trial BM 16550 [online]. [Accessed:
09.07.2020]. URL: https://www.clinicaltrialsregister.eu/ctr-
search/search?query=eudract_number:2004-002570-32.

61. Hoffmann-La Roche. A study of bonviva (ibandronate) in women with post-menopausal
osteoporosis who have received previous bonviva treatment [online]. 2011 [Accessed:
03.07.2020]. URL: https://ClinicalTrials.gov/show/NCT00551174.

62. Hoffmann-La Roche. DIVA study: a study of different regimens of intravenous
administration of bonviva (ibandronate) in women with post-menopausal osteoporosis
[online]. 2016 [Accessed: 03.07.2020]. URL: https://ClinicalTrials.gov/show/NCT00048074.

63. Hoffmann-La Roche. Randomized, double-blind, parallel groups, multicenter study to
compare the efficacy and safety of two IV ibandronate dose regimens (2 mg q 2 mo and 3 mg
g 3 mo) with 2.5 mg daily oral ibandronate in postmenopausal osteoporosis: Year 1 Results;
study BM16550; clinical study report [unpublished]. 2004.

64. Hoffmann-La Roche. Randomized, double-blind, parallel groups, multicenter study to
compare the efficacy and safety of two IV ibandronate dose regimens (2 mg q 2 mo and 3 mg
q 3 mo) with 2.5 mg daily oral ibandronate in postmenopausal osteoporosis: Year 2 Results;
study BM 16550, clinical study report [unpublished]. 2005.

Institute for Quality and Efficiency in Health Care (IQWiG) -45 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

65. El-Hamamsy MH, Eltoukhy HG, Hasanein MM. A pilot study to assess theefficacy and
side effects of silymarin alone and in combination with alendronate in treatment of
postmenopausal osteoporosis. Int J Pharm Sci Res 2016; 7(3): 1012-1020.
https://dx.doi.org/10.13040/1JPSR.0975-8232.7%283%29.1012-20.

66. Boonen S, Marin F, Obermayer-Pietsch B et al. Effects of previous antiresorptive therapy
on the bone mineral density response to two years of teriparatide treatment in postmenopausal
women with osteoporosis. J Clin Endocrinol Metab 2008; 93(3): 852-860.
https://dx.doi.org/10.1210/5¢.2007-0711.

67. Eastell R, Nickelsen T, Marin F et al. Sequential treatment of severe postmenopausal
osteoporosis after teriparatide: final results of the randomized, controlled European Study of
Forsteo (EUROFORS). J Bone Miner Res 2009; 24(4): 726-736.
https://dx.doi.org/10.1359/jbmr.081215.

68. Lyritis G, Marin F, Barker C et al. Back pain during different sequential treatment
regimens of teriparatide: results from EUROFORS. Curr Med Res Opin 2010; 26(8): 1799-
1807. https://dx.doi.org/10.1185/03007995.2010.488516.

69. Minne H, Audran M, Simoes ME et al. Bone density after teriparatide in patients with or
without prior antiresorptive treatment: one-year results from the EUROFORS study. Curr
Med Res Opin 2008; 24(11): 3117-3128. https://dx.doi.org/10.1185/03007990802466595.

70. Schnell R, Graeff C, Krebs A et al. Changes in cross-sectional area of spinal canal and
vertebral body under 2 years of teriparatide treatment: results from the EUROFORS study.
Calcif Tissue Int 2010; 87(2): 130-136. https://dx.doi.org/10.1007/s00223-010-9386-8.

71. Eli Lilly. 2-year therapy with teriparatide vs 1-yr therapy followed by 1-year of raloxifene
or calcium/vit d in severe postmenopausal osteoporosis [online]. 2007 [Accessed:
03.07.2020]. URL: https://ClinicalTrials.gov/show/NCT00191425.

72. Eli Lilly. Comparison of a 2-Year Therapy of Teriparatide Alone and its Sequential Use
for 1 Year, with our without Raloxifene HCI, in the Treatment of Severe Postmenopausal
Osteoporosis; study B3D-EW-GHAC; clinical study report [unpublished]. 2008.

73. Evio S, Tarkkila L, Sorsa T et al. Effects of alendronate and hormone replacement
therapy, alone and in combination, on saliva, periodontal conditions and gingival crevicular
fluid matrix metalloproteinase-8 levels in women with osteoporosis. Oral Dis 2006; 12(2):
187-193. https://dx.doi.org/10.1111/j.1601-0825.2005.01186.x.

74. Evio S, Tiitinen A, Laitinen K et al. Effects of alendronate and hormone replacement
therapy, alone and in combination, on bone mass and markers of bone turnover in elderly
women with osteoporosis. J Clin Endocrinol Metab 2004; 89(2): 626-631.
https://dx.doi.org/10.1210/j¢.2003-030198.

Institute for Quality and Efficiency in Health Care (IQWiG) -46 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

75. Frediani B, Allegri A, Bisogno S et al. Effects of combined treatment with calcitriol plus
alendronate on bone mass and bone turnover in postmenopausal osteoporosis: two years of
continuous treatment. Clin Drug Investig 1998; 15(3): 235-244.
https://dx.doi.org/10.2165/00044011-199815030-00008.

76. Adachi JD, Bone HG, Daizadeh NS et al. Influence of subject discontinuation on long-
term nonvertebral fracture rate in the denosumab FREEDOM Extension study. BMC
Musculoskelet Disord 2017; 18(1): 174. https://dx.doi.org/10.1186/s12891-017-1520-6.

77. Adami S, Libanati C, Boonen S et al. Denosumab treatment in postmenopausal women
with osteoporosis does not interfere with fracture-healing: results from the FREEDOM trial. J
Bone Joint Surg Am 2012; 94(23): 2113-2119. https://dx.doi.org/10.2106/JBJS.K.00774.

78. Austin M, Yang YC, Vittinghoff E et al. Relationship between bone mineral density
changes with denosumab treatment and risk reduction for vertebral and nonvertebral fractures.
J Bone Miner Res 2012; 27(3): 687-693. https://dx.doi.org/10.1002/jbmr.1472.

79. Bilezikian JP, Lin CJF, Brown JP et al. Long-term denosumab treatment restores cortical
bone loss and reduces fracture risk at the forearm and humerus: analyses from the FREEDOM
Extension cross-over group. Osteoporos Int 2019; 30(9): 1855-1864.
https://dx.doi.org/10.1007/s00198-019-05020-8.

80. Bolognese MA, Teglbjaerg CS, Zanchetta JR et al. Denosumab significantly increases
DXA BMD at both trabecular and cortical sites: results from the FREEDOM study. J Clin
Densitom 2013; 16(2): 147-153. https://dx.doi.org/10.1016/j.jocd.2012.02.006.

81. Bone HG, Chapurlat R, Brandi ML et al. The effect of three or six years of denosumab
exposure in women with postmenopausal osteoporosis: results from the FREEDOM
extension. J Clin Endocrinol Metab 2013; 98(11): 4483-4492.
https://dx.doi.org/10.1210/;c.2013-1597.

82. Bone HG, Wagman RB, Brandi ML et al. 10 years of denosumab treatment in
postmenopausal women with osteoporosis: results from the phase 3 randomised FREEDOM
trial and open-label extension. Lancet Diabetes Endocrinol 2017; 5(7): 513-523.
https://dx.doi.org/10.1016/S2213-8587(17)30138-9.

83. Bone HG, Wagman RB, Pannacciulli N et al. Denosumab treatment in postmenopausal
women with osteoporosis: authors' reply. Lancet Diabetes Endocrinol 2017; 5(10): 768-769.
https://dx.doi.org/10.1016/S2213-8587%2817%2930288-7.

84. Boonen S, Adachi JD, Man Z et al. Treatment with denosumab reduces the incidence of
new vertebral and hip fractures in postmenopausal women at high risk. J Clin Endocrinol
Metab 2011; 96(6): 1727-1736. https://dx.doi.org/10.1210/jc.2010-2784.

85. Brown JP, Reid IR, Wagman RB et al. Effects of up to 5 years of denosumab treatment on
bone histology and histomorphometry: the FREEDOM study extension. J Bone Miner Res
2014; 29(9): 2051-2056. https://dx.doi.org/10.1002/jbmr.2236.

Institute for Quality and Efficiency in Health Care (IQWiG) -47 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

86. Brown JP, Roux C, Torring O et al. Discontinuation of denosumab and associated fracture
incidence: analysis from the Fracture Reduction Evaluation of Denosumab in Osteoporosis
Every 6 Months (FREEDOM) trial. ] Bone Miner Res 2013; 28(4): 746-752.
https://dx.doi.org/10.1002/jbmr.1808.

87. Chavassieux P, Portero-Muzy N, Roux JP et al. Reduction of cortical bone turnover and
erosion depth after 2 and 3 years of denosumab: iliac bone histomorphometry in the
FREEDOM Trial. J Bone Miner Res 2019; 34(4): 626-631.
https://dx.doi.org/10.1002/jbmr.3631.

88. Cummings SR, Ferrari S, Eastell R et al. Vertebral fractures after discontinuation of
denosumab: a post hoc analysis of the randomized placebo-controlled FREEDOM Trial and
its extension. J Bone Miner Res 2018; 33(2): 190-198. https://dx.doi.org/10.1002/jbmr.3337.

89. Cummings SR, Martin JS, McClung MR et al. Denosumab for prevention of fractures in
postmenopausal women with osteoporosis. Obstet Gynecol Surv 2009; 64(12): 805-807.
https://dx.doi.org/10.1097/01.0gx.0000363236.41902.96.

90. Cummings SR, San Martin J, McClung MR et al. Denosumab for prevention of fractures
in postmenopausal women with osteoporosis. N Engl J Med 2009; 361(8): 756-765.
https://dx.doi.org/10.1056/NEJM0a0809493.

91. Dempster DW, Brown JP, Fahrleitner-Pammer A et al. Effects of long-term denosumab
on bone histomorphometry and mineralization in women with postmenopausal osteoporosis. J
Clin Endocrinol Metab 2018; 103(7): 2498-2509. https://dx.doi.org/10.1210/j¢.2017-02669.

92. Dimai HP, Ljuhar R, Ljuhar D et al. Assessing the effects of long-term osteoporosis
treatment by using conventional spine radiographs: results from a pilot study in a sub-cohort
of a large randomized controlled trial. Skeletal Radiol 2019; 48(7): 1023-1032.
https://dx.doi.org/10.1007/s00256-018-3118-y.

93. Eastell R, Christiansen C, Grauer A et al. Effects of denosumab on bone turnover markers
in postmenopausal osteoporosis. J Bone Miner Res 2011; 26(3): 530-537.
https://dx.doi.org/10.1002/jbmr.251.

94. Ferrari S, Adachi JD, Lippuner K et al. 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 2015; 26(12): 2763-2771.
https://dx.doi.org/10.1007/s00198-015-3179-x.

95. Ferrari S, Butler PW, Kendler DL et al. Further nonvertebral fracture reduction beyond 3
years for up to 10 years of denosumab treatment. J Clin Endocrinol Metab 2019; 104(8):
3450-3461. https://dx.doi.org/10.1210/j¢.2019-00271.

96. Gatti D, Viapiana O, Fracassi E et al. Sclerostin and DKK1 in postmenopausal
osteoporosis treated with denosumab. J Bone Miner Res 2012; 27(11): 2259-2263.
https://dx.doi.org/10.1002/jbmr.1681.

Institute for Quality and Efficiency in Health Care (IQWiG) -48 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

97. Genant HK, Libanati C, Engelke K et al. Improvements in hip trabecular, subcortical, and
cortical density and mass in postmenopausal women with osteoporosis treated with
denosumab. Bone 2013; 56(2): 482-488. https://dx.doi.org/10.1016/i.bone.2013.07.011.

98. Hadji P, Bock O, Resch H et al. Reduktion des Frakturrisikos unter Denosumab bei
postmenopausalen Frauen in Abhédngigkeit der Behandlungsbediirftigkeit nach DVO-Leitlinie
2009: eine Subgruppenanalyse der FREEDOM-Studie. Osteologie 2013; 22(1): 39-45.

99. Jamal SA, Ljunggren O, Stehman-Breen C et al. Effects of denosumab on fracture and
bone mineral density by level of kidney function. ] Bone Miner Res 2011; 26(8): 1829-1835.
https://dx.doi.org/10.1002/jbmr.403.

100. Keaveny TM, McClung MR, Genant HK et al. Femoral and vertebral strength
improvements in postmenopausal women with osteoporosis treated with denosumab. J Bone
Miner Res 2014; 29(1): 158-165. https://dx.doi.org/10.1002/jbmr.2024.

101. Kendler DL, Chines A, Brandi ML et al. The risk of subsequent osteoporotic fractures is
decreased in subjects experiencing fracture while on denosumab: results from the FREEDOM
and FREEDOM Extension studies. Osteoporos Int 2019; 30(1): 71-78.
https://dx.doi.org/10.1007/s00198-018-4687-2.

102. Lee C. Beneficial effects of denosumab for reducing risk of vertebral and nonvertebral
fractures. Curr Osteoporos Rep 2009; 7(4): 107-108. https://dx.doi.org/10.1007/s11914-009-
0025-0.

103. McCloskey EV, Johansson H, Oden A et al. Denosumab reduces the risk of osteoporotic
fractures in postmenopausal women, particularly in those with moderate to high fracture risk
as assessed with FRAX. J Bone Miner Res 2012; 27(7): 1480-1486.
https://dx.doi.org/10.1002/jbmr.1606.

104. McClung MR, Boonen S, Torring O et al. Effect of denosumab treatment on the risk of
fractures in subgroups of women with postmenopausal osteoporosis. J] Bone Miner Res 2012;
27(1): 211-218. https://dx.doi.org/10.1002/jbmr.536.

105. McClung MR, Lippuner K, Brandi ML et al. Effect of denosumab on trabecular bone
score in postmenopausal women with osteoporosis. Osteoporos Int 2017; 28(10): 2967-2973.
https://dx.doi.org/10.1007/s00198-017-4140-y.

106. McClung MR, Zanchetta JR, Hoiseth A et al. Denosumab densitometric changes
assessed by quantitative computed tomography at the spine and hip in postmenopausal
women with osteoporosis. J Clin Densitom 2013; 16(2): 250-256.
https://dx.doi.org/10.1016/].jocd.2012.02.014.

107. Napoli N, Pannacciulli N, Vittinghoff E et al. Effect of denosumab on fasting glucose in
women with diabetes or prediabetes from the FREEDOM trial. Diabetes Metab Res Rev
2018; 34(4): €2991. https://dx.doi.org/10.1002/dmrr.2991.

Institute for Quality and Efficiency in Health Care (IQWiG) -49 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

108. Palacios S, Kalouche-Khalil L, Rizzoli R et al. Treatment with denosumab reduces
secondary fracture risk in women with postmenopausal osteoporosis. Climacteric 2015; 18(6):
805-812. https://dx.doi.org/10.3109/13697137.2015.1045484.

109. Papapoulos S, Chapurlat R, Libanati C et al. Five years of denosumab exposure in
women with postmenopausal osteoporosis: results from the first two years of the FREEDOM
extension. J Bone Miner Res 2012; 27(3): 694-701. https://dx.doi.org/10.1002/jbmr.1479.

110. Papapoulos S, Lippuner K, Roux C et al. The effect of 8 or 5 years of denosumab
treatment in postmenopausal women with osteoporosis: results from the FREEDOM
Extension study. Osteoporos Int 2015; 26(12): 2773-2783. https://dx.doi.org/10.1007/s00198-
015-3234-7.

111. Poole KE, Treece GM, Gee AH et al. Denosumab rapidly increases cortical bone in key
locations of the femur: a 3D bone mapping study in women with osteoporosis. J Bone Miner
Res 2015; 30(1): 46-54. https://dx.doi.org/10.1002/jbmr.2325.

112. Samelson EJ, Miller PD, Christiansen C et al. RANKL inhibition with denosumab does
not influence 3-year progression of aortic calcification or incidence of adverse cardiovascular

events in postmenopausal women with osteoporosis and high cardiovascular risk. J Bone
Miner Res 2014; 29(2): 450-457. https://dx.doi.org/10.1002/jbmr.2043.

113. Schwartz AV, Schafer AL, Grey A et al. Effects of antiresorptive therapies on glucose
metabolism: results from the FIT, HORIZON-PFT, and FREEDOM trials. ] Bone Miner Res
2013; 28(6): 1348-1354. https://dx.doi.org/10.1002/jbmr.1865.

114. Silverman S, Viswanathan HN, Yang YC et al. Impact of clinical fractures on health-
related quality of life is dependent on time of assessment since fracture: results from the
FREEDOM trial. Osteoporos Int 2012; 23(4): 1361-1369. https://dx.doi.org/10.1007/s00198-
011-1720-0.

115. Silverman SL, Wang A, Cheng L et al. Comorbidity indices for clinical trials: adaptation
of two existing indices for use with the FREEDOM trial in women with postmenopausal
osteoporosis. Osteoporos Int 2016; 27(1): 75-80. https://dx.doi.org/10.1007/s00198-015-
3215-x.

116. Simon JA, Recknor C, Moffett AH Jr et al. Impact of denosumab on the peripheral
skeleton of postmenopausal women with osteoporosis: bone density, mass, and strength of the
radius, and wrist fracture. Menopause 2013; 20(2): 130-137.
https://dx.doi.org/10.1097/gme.0b013e318267f909.

117. Watts NB, Brown JP, Papapoulos S et al. Safety observations with 3 years of denosumab
exposure: comparison between subjects who received denosumab during the randomized
FREEDOM Trial and subjects who crossed over to denosumab during the FREEDOM
extension. J Bone Miner Res 2017; 32(7): 1481-1485. https://dx.doi.org/10.1002/jbmr.3119.

Institute for Quality and Efficiency in Health Care (IQWiG) -50 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

118. Watts NB, Grbic JT, Binkley N et al. Invasive oral procedures and events in
postmenopausal women with osteoporosis treated with denosumab for up to 10 years. J Clin
Endocrinol Metab 2019; 104(6): 2443-2452. https://dx.doi.org/10.1210/¢.2018-01965.

119. Watts NB, Roux C, Modlin JF et al. Infections in postmenopausal women with
osteoporosis treated with denosumab or placebo: coincidence or causal association?
Osteoporos Int 2012; 23(1): 327-337. https://dx.doi.org/10.1007/s00198-011-1755-2.

120. Zebaze R, Libanati C, McClung MR et al. Denosumab reduces cortical porosity of the
proximal femoral shaft in postmenopausal women with osteoporosis. J Bone Miner Res 2016;
31(10): 1827-1834. https://dx.doi.org/10.1002/jbmr.2855.

121. Zysset P, Pahr D, Engelke K et al. Comparison of proximal femur and vertebral body
strength improvements in the FREEDOM trial using an alternative finite element
methodology. Bone 2015; 81: 122-130. https://dx.doi.org/10.1016/j.bone.2015.06.025.

122. Amgen. An open label, single arm, extension study to evaluate the long term safety and
sustained efficacy of denosumab (AMG162) in the treatment of postmenopausal osteoporosis
[online]. [Accessed: 09.07.2020]. URL: https://www.clinicaltrialsregister.eu/ctr-
search/search?query=eudract number:2007-001041-17.

123. Amgen. A study to evaluate AMG 162 in the treatment of postmenopausal osteoporosis
freedom (fracture reduction evaluation of denosumab in osteoporosis every & months)
[online]. [Accessed: 06.07.2020]. URL: https://www.clinicaltrialsregister.eu/ctr-
search/search?query=eudract_number:2004-000138-35.

124. Amgen. Extension study to evaluate the long term safety and efficacy of denosumab in
the treatment of osteoporosis [online]. 2020 [Accessed: 03.07.2020]. URL.:
https://ClinicalTrials.gov/show/NCT00523341.

125. Amgen. A study to evaluate denosumab in the treatment of postmenopausal osteoporosis
[online]. 2020 [Accessed: 03.07.2020]. URL: https://ClinicalTrials.gov/show/NCT00089791.

126. Amgen. A Study to Evaluate Denosumab in the Treatment of Postmenopausal
Osteoporosis. FREEDOM (Fracture REduction Evaluation of Denosumab in Osteoporosis
every 6 Months); study 20030216; clinical study report [unpublished]. 2008.

127. Gonnelli S, Cepollaro C, Pondrelli C et al. Bone turnover and the response to
alendronate treatment in postmenopausal osteoporosis. Calcif Tissue Int 1999; 65(5): 359-
364. https://dx.doi.org/10.1007/s002239900713.

128. Guanabens N, Monegal A, Cerda D et al. Randomized trial comparing monthly
ibandronate and weekly alendronate for osteoporosis in patients with primary biliary cirrhosis.
Hepatology 2013; 58(6): 2070-2078. https://dx.doi.org/10.1002/hep.26466.

129. Black DM, Kelly MP, Genant HK et al. Bisphosphonates and fractures of the
subtrochanteric or diaphyseal femur. N Engl J Med 2010; 362(19): 1761-1771.
https://dx.doi.org/10.1056/NEJMoal001086.

Institute for Quality and Efficiency in Health Care (IQWiG) -51 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

130. Black DM, Delmas PD, Eastell R et al. Once-yearly zoledronic acid for treatment of
postmenopausal osteoporosis. N Engl J Med 2007; 356(18): 1809-1822.
https://dx.doi.org/10.1056/NEJM0a067312.

131. Cauley JA, Black D, Boonen S et al. Once-yearly zoledronic acid and days of disability,
bed rest, and back pain: randomized, controlled HORIZON Pivotal Fracture Trial. J Bone
Miner Res 2011; 26(5): 984-992. https://dx.doi.org/10.1002/jbmr.292.

132. Chapurlat RD. Single annual injectable treatment for postmenopausal osteoporosis.
Expert Opin Drug Deliv 2008; 5(5): 583-591. https://dx.doi.org/10.1517/17425247.5.5.583.

133. Delmas PD, Munoz F, Black DM et al. Effects of yearly zoledronic acid 5 mg on bone
turnover markers and relation of PINP with fracture reduction in postmenopausal women with
osteoporosis. ] Bone Miner Res 2009; 24(9): 1544-1551.
https://dx.doi.org/10.1359/jbmr.090310.

134. Donggrell SA. New horizons for zoledronic acid: results of the HORIZON trials in
postmenopausal women with osteoporosis and after hip fracture. Expert Opin Pharmacother
2008; 9(4): 663-668. https://dx.doi.org/10.1517/14656566.9.4.663.

135. Eastell R, Black DM, Boonen S et al. Effect of once-yearly zoledronic acid five
milligrams on fracture risk and change in femoral neck bone mineral density. J Clin
Endocrinol Metab 2009; 94(9): 3215-3225. https://dx.doi.org/10.1210/jc.2008-2765.

136. Eastell R, Lang T, Boonen S et al. Effect of once-yearly zoledronic acid on the spine and
hip as measured by quantitative computed tomography: results of the HORIZON Pivotal
Fracture Trial. Osteoporos Int 2010; 21(7): 1277-1285. https://dx.doi.org/10.1007/s00198-
009-1077-9.

137. Gamsjaeger S, Buchinger B, Zwettler E et al. Bone material properties in actively bone-
forming trabeculae in postmenopausal women with osteoporosis after three years of treatment
with once-yearly zoledronic acid. J Bone Miner Res 2011; 26(1): 12-18.
https://dx.doi.org/10.1002/jbmr. 180.

138. Gamsjaeger S, Hofstetter B, Zwettler E et al. Effects of 3 years treatment with once-
yearly zoledronic acid on the kinetics of bone matrix maturation in osteoporotic patients.
Osteoporos Int 2013; 24(1): 339-347. https://dx.doi.org/10.1007/s00198-012-2202-8.

139. Grbic JT, Black DM, Lyles KW et al. The incidence of osteonecrosis of the jaw in
patients receiving 5 milligrams of zoledronic acid: data from the Health Outcomes and
Reduced Incidence with Zoledronic Acid Once Yearly clinical trials program. J Am Dent
Assoc 2010; 141(11): 1365-1370. https://dx.doi.org/10.14219/jada.archive.2010.0082.

140. Grbic JT, Landesberg R, Lin SQ et al. Incidence of osteonecrosis of the jaw in women
with postmenopausal osteoporosis in the Health Outcomes and Reduced Incidence with
Zoledronic Acid Once Yearly Pivotal Fracture Trial. ] Am Dent Assoc 2008; 139(1): 32-40.
https://dx.doi.org/10.14219/jada.archive.2008.0017.

Institute for Quality and Efficiency in Health Care (IQWiG) -52-



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

141. Hue TF, Cummings SR, Cauley JA et al. Effect of bisphosphonate use on risk of
postmenopausal breast cancer: results from the randomized clinical trials of alendronate and
zoledronic acid. JAMA Intern Med 2014; 174(10): 1550-1557.
https://dx.doi.org/10.1001/jamainternmed.2014.3634.

142. Hwang JS, Chin LS, Chen JF et al. The effects of intravenous zoledronic acid in Chinese
women with postmenopausal osteoporosis. J Bone Miner Metab 2011; 29(3): 328-333.
https://dx.doi.org/10.1007/s00774-010-0223-y.

143. Jacques RM, Boonen S, Cosman F et al. Relationship of changes in total hip bone
mineral density to vertebral and nonvertebral fracture risk in women with postmenopausal
osteoporosis treated with once-yearly zoledronic acid 5 mg: the HORIZON-Pivotal Fracture
Trial (PFT). J Bone Miner Res 2012; 27(8): 1627-1634. https://dx.doi.org/10.1002/jbmr.1644.

144. Popp AW, Buffat H, Cavelti A et al. Cortical bone loss at the tibia in postmenopausal
women with osteoporosis is associated with incident non-vertebral fractures: results of a
randomized controlled ancillary study of HORIZON. Maturitas 2014; 77(3): 287-293.
https://dx.doi.org/10.1016/j.maturitas.2013.12.013.

145. Popp AW, Guler S, Lamy O et al. Effects of zoledronate versus placebo on spine bone
mineral density and microarchitecture assessed by the trabecular bone score in
postmenopausal women with osteoporosis: a three-year study. J Bone Miner Res 2013; 28(3):
449-454. https://dx.doi.org/10.1002/jbmr.1775.

146. Recker RR, Delmas PD, Halse J et al. Effects of intravenous zoledronic acid once yearly
on bone remodeling and bone structure. J Bone Miner Res 2008; 23(1): 6-16.
https://dx.doi.org/10.1359/;bmr.070906.

147. Reid IR, Black DM, Eastell R et al. Reduction in the risk of clinical fractures after a
single dose of zoledronic acid 5 milligrams. J Clin Endocrinol Metab 2013; 98(2): 557-563.
https://dx.doi.org/10.1210/j¢.2012-2868.

148. Ringe JD, Nitschmann S. Zoledronsdure zur Frakturprophylaxe: HORIZON-Studie
(Health Outcomes and Reduced Incidence with Zoledronic acid ONce yearly). Internist 2008;
49(4): 502-504. https://dx.doi.org/10.1007/s00108-008-2067-2.

149. Sambrook PN, Silverman SL, Cauley JA et al. Health-related quality of life and
treatment of postmenopausal osteoporosis: results from the HORIZON-PFT. Bone 2011;
48(6): 1298-1304. https://dx.doi.org/10.1016/.bone.2011.03.719.

150. Wustrack R, Seeman E, Bucci-Rechtweg C et al. Predictors of new and severe vertebral
fractures: results from the HORIZON Pivotal Fracture Trial. Osteoporos Int 2012; 23(1): 53-
58. https://dx.doi.org/10.1007/s00198-011-1664-4.

151. Yang L, Sycheva AV, Black DM et al. Site-specific differential effects of once-yearly
zoledronic acid on the hip assessed with quantitative computed tomography: results from the
HORIZON Pivotal Fracture Trial. Osteoporos Int 2013; 24(1): 329-338.
https://dx.doi.org/10.1007/s00198-012-2200-x.

Institute for Quality and Efficiency in Health Care (IQWiG) -53-



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

152. Novartis Pharmaceuticals. HORIZON-PFT: pivotal fracture trial [online]. 2011
[Accessed: 06.07.2020]. URL: https://ClinicalTrials.gov/show/NCT00049829.

153. Novartis. A multicenter, double-blind, randomized, placebo-controlled study to evaluate
the saftey and efficacy of zoledronic acid in the treatment of osteoporosis in postmenopausal
women taking calcium and vitamin D; study ZOL446H2301; clinical study report
[unpublished]. 2006.

154. Kuzmanova SI, Solakov PC, Geneva-Popova MG. Adherence to bisphosphonate therapy
in postmenopausal osteoporotic women. Folia Med (Plovdiv) 2011; 53(3): 25-31.
https://dx.doi.org/10.2478/v10153-011-0053-2.

155. Liang BC, Shi ZY, Wang B et al. Intravenous zoledronic acid 5 mg on bone turnover
markers and bone mineral density in East China subjects with newly diagnosed osteoporosis:
a 24-month clinical study. Orthop Audiosynop Contin Med Educ 2017; 9(1): 103-109.
https://dx.doi.org/10.1111/0s.12307.

156. Boivin GY, Chavassieux PM, Santora AC et al. Alendronate increases bone strength by
increasing the mean degree of mineralization of bone tissue in osteoporotic women. Bone
2000; 27(5): 687-694. https://dx.doi.org/10.1016/s8756-3282(00)00376-8.

157. Bone HG, Hosking D, Devogelaer JP et al. Ten years' experience with alendronate for
osteoporosis in postmenopausal women. N Engl J Med 2004; 350(12): 1189-1199.
https://dx.doi.org/10.1056/NEJMo0a030897.

158. Chavassieux PM, Arlot ME, Reda C et al. Histomorphometric assessment of the long-
term effects of alendronate on bone quality and remodeling in patients with osteoporosis. J
Clin Invest 1997; 100(6): 1475-1480. https://dx.doi.org/10.1172/JCI119668.

159. Devogelaer JP, Broll H, Correa-Rotter R et al. Oral alendronate induces progressive
increases in bone mass of the spine, hip, and total body over 3 years in postmenopausal
women with osteoporosis. Bone 1996; 18(2): 141-150. https://dx.doi.org/10.1016/8756-
3282(95)00436-x.

160. Garnero P, Darte C, Delmas PD. A model to monitor the efficacy of alendronate
treatment in women with osteoporosis using a biochemical marker of bone turnover. Bone
1999; 24(6): 603-609. https://dx.doi.org/10.1016/s8756-3282(99)00087-3.

161. Liberman UA, Weiss SR, Broll J et al. Effect of oral alendronate on bone mineral density
and the incidence of fractures in postmenopausal osteoporosis. N Engl J Med 1995; 333(22):
1437-1443. https://dx.doi.org/10.1056/NEJM199511303332201.

162. Tonino RP, Meunier PJ, Emkey R et al. Skeletal benefits of alendronate: 7-year
treatment of postmenopausal osteoporotic women. J Clin Endocrinol Metab 2000; 85(9):
3109-3115. https://dx.doi.org/10.1210/jcem.85.9.6777.

163. Tucci JR, Tonino RP, Emkey RD et al. Effect of three years of oral alendronate
treatment in postmenopausal women with osteoporosis. Am J Med 1996; 101(5): 488-501.
https://dx.doi.org/10.1016/s0002-9343(96)00282-3.

Institute for Quality and Efficiency in Health Care (IQWiG) -54 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

164. Watts NB, Jenkins DK, Visor JM et al. Comparison of bone and total alkaline
phosphatase and bone mineral density in postmenopausal osteoporotic women treated with
alendronate. Osteoporos Int 2001; 12(4): 279-288. https://dx.doi.org/10.1007/s001980170117.

165. Merck. Three-year phase III osteoporosis treatment study (U.S.) three year report; study
035; clinical study report [unpublished]. 1995.

166. Merck. Three-year phase III osteoporosis bone density study (international) three-year
report; study 037; clinical study report [unpublished]. 1995.

167. Merck. Alendronate sodium vs intranasal salmon calcitonin in postmenopausal
osteoporosis (italy); study 041; clinical study report [unpublished]. 1995.

168. Merck. A multicenter, randomized, double-blind, placebo-controlled, parallel-group
study to determine the effect of oral alendronate sodium for 2 years on bone mineral density
in postmenopausal, osteopenic black women of African-American descent; study 063; clinical
study report [unpublished]. 2003.

169. Bone HG, Greenspan SL, McKeever C et al. Alendronate and estrogen effects in
postmenopausal women with low bone mineral density. J Clin Endocrinol Metab 2000; 85(2):
720-726. https://dx.doi.org/10.1210/jcem.85.2.6393.

170. Greenspan SL, Emkey RD, Bone HG et al. Significant differential effects of alendronate,
estrogen, or combination therapy on the rate of bone loss after discontinuation of treatment of
postmenopausal osteoporosis: a randomized, double-blind, placebo-controlled trial. Ann
Intern Med 2002; 137(11): 875-883. https://dx.doi.org/10.7326/0003-4819-137-11-
200212030-00008.

171. Merck. A randomized, double-blind, placebo-controlled, multicenter study to evaluate
and compare the safety and efficacy of oral alendronate sodium, conjugated estrogens, and
combination conjugated estrogens with alendronate sodium for the treatment of
postmenopausal osteoporosis; study 072; clinical study report [unpublished]. 1998.

172. Merck. A randomized, double-blind, multicenter study to compare the safety and
efficacy of oral alendronate sodium 10 mg daily, 35 mg twice weekly, and 70 mg once
weekly for the treatment of osteoporosis in postmenopausal women; study 118; clinical study
report [unpublished]. 2001.

173. Hochberg MC, Silverman SL, Barr CE et al. The utility of changes in serum levels of C-
terminal telopeptide of type I collagen in predicting patient response to oral monthly
ibandronate therapy. J Clin Densitom 2010; 13(2): 181-189.
https://dx.doi.org/10.1016/].jocd.2010.01.007.

174. Miller PD, McClung MR, Macovei L et al. Monthly oral ibandronate therapy in
postmenopausal osteoporosis: 1-year results from the MOBILE study. J Bone Miner Res
2005; 20(8): 1315-1322. https://dx.doi.org/10.1359/JBMR.050313.

Institute for Quality and Efficiency in Health Care (IQWiG) -55-



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

175. Miller PD, Recker RR, Reginster JY et al. Efficacy of monthly oral ibandronate is
sustained over 5 years: the MOBILE long-term extension study. Osteoporos Int 2012; 23(6):
1747-1756. https://dx.doi.org/10.1007/s00198-011-1773-0.

176. Reginster JY, Adami S, Lakatos P et al. Efficacy and tolerability of once-monthly oral
ibandronate in postmenopausal osteoporosis: 2 year results from the MOBILE study. Ann
Rheum Dis 2006; 65(5): 654-661. https://dx.doi.org/10.1136/ard.2005.044958.

177. Stakkestad JA, Lakatos P, Lorenc R et al. Monthly oral ibandronate is effective and well
tolerated after 3 years: the MOBILE long-term extension. Clin Rheumatol 2008; 27(8): 955-
960. https://dx.doi.org/10.1007/s10067-007-0824-6.

178. Zaidi M, Epstein S, Friend K. Modeling of serum C-telopeptide levels with daily and
monthly oral ibandronate in humans. Ann N'Y Acad Sci 2006; 1068: 560-563.
https://dx.doi.org/10.1196/annals.1346.058.

179. F. Hoffmann-La Roche. Double-blind, partially randomized, parallel group, multicenter
study to assess the efficacy and safety of 100 mg and 150 mg monthly oral ibandronate in
women with postmenopausal osteoporosis having completed the phase III oral ibandronate
trial BM 16549 [online]. [Accessed: 09.07.2020]. URL.:
https://www.clinicaltrialsregister.eu/ctr-search/search?query=eudract number:2004-001548-
60.

180. Hoffmann-La Roche. A study of bonviva (ibandronate) in women with post-menopausal
osteoporosis previously treated with bonviva [online]. 2017 [Accessed: 03.07.2020]. URL:
https://ClinicalTrials.gov/show/NCT00081653.

181. Hoffmann-La Roche. MOBILE Study: a study of bonviva (ibandronate) regimens in
women with post-menopausal osteoporosis [online]. 2018 [Accessed: 03.07.2020]. URL:
https://ClinicalTrials.gov/show/NCT00048061.

182. Hoffmann-La Roche. Randomized, double-blind, double dummy, parallel groups,
multicenter study to compare the efficacy and safety of monthly oral administration of 100
mg and 150 mg ibandronate with 2.5 mg daily oral ibandronate in postmenopausal
osteoporosis: Year 1 analysis; study BM16549; clinical study report [unpublished]. 2004.

183. Muscoso E, Puglisi N, Mamazza C et al. Antiresorption therapy and reduction in fracture
susceptibility in the osteoporotic elderly patient: open study. Eur Rev Med Pharmacol Sci
2004; 8(2): 97-102.

184. Nakamura Y, Suzuki T, Kamimura M et al. Two-year clinical outcome of denosumab
treatment alone and in combination with teriparatide in Japanese treatment-naive
postmenopausal osteoporotic women. Bone Res 2017; 5: 16055.
https://dx.doi.org/10.1038/boneres.2016.55.

185. Suzuki T, Nakamura Y, Kato H. Efficacy of 4-year denosumab treatment alone or in
combination with teriparatide in Japanese postmenopausal osteoporotic women. Mod
Rheumatol 2019; 29(4): 676-681. https://dx.doi.org/10.1080/14397595.2018.1524997.

Institute for Quality and Efficiency in Health Care (IQWiG) -56 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

186. Shinshu University. Changes of Bone Metabolic Markers and Bone Mineral Density
After Denosumab and/or Teriparatide Treatment in Japanese Osteoporotic Patients [online].
2020 [Accessed: 18.01.2021]. URL: https://clinicaltrials.gov/ct2/show/NCT02156960.

187. Peretz A, Siderova V, Body JJ et al. Response to alendronate in osteoporotic women
previously treated with pamidronate. Maturitas 2003; 44(2): 111-115.
https://dx.doi.org/10.1016/s0378-5122(02)00318-3.

188. Rizzoli R, Greenspan SL, Bone G 3rd et al. Two-year results of once-weekly
administration of alendronate 70 mg for the treatment of postmenopausal osteoporosis. J Bone
Miner Res 2002; 17(11): 1988-1996. https://dx.doi.org/10.1359/jbmr.2002.17.11.1988.

189. Sosa M, Hernandez D, Segarra MC et al. Effect of two forms of alendronate
administration upon bone mass after two years of treatment. J Clin Densitom 2002; 5(1): 27-
34. https://dx.doi.org/10.1385/jcd:5:1:027.

190. Tan W, Sun J, Zhou L et al. Randomized trial comparing efficacies of zoledronate and
alendronate for improving bone mineral density and inhibiting bone remodelling in women
with post-menopausal osteoporosis. J Clin Pharm Ther 2016; 41(5): 519-523.
https://dx.doi.org/10.1111/jcpt.12429.

191. Tascioglu F, Colak O, Armagan O et al. The treatment of osteoporosis in patients with
rheumatoid arthritis receiving glucocorticoids: a comparison of alendronate and intranasal
salmon calcitonin. Rheumatol Int 2005; 26(1): 21-29. https://dx.doi.org/10.1007/s00296-004-
0496-3.

192. Gossiel F, Paggiosi MA, Naylor KE et al. The effect of bisphosphosphonates on bone
turnover and bone balance in postmenopausal women with osteoporosis: the T-score bone
marker approach in the TRIO study. Bone 2019; 131: 115158.
https://dx.doi.org/10.1016/].bone.2019.115158.

193. Naylor KE, Jacques RM, Paggiosi M et al. Response of bone turnover markers to three
oral bisphosphonate therapies in postmenopausal osteoporosis: the TRIO study. Osteoporos
Int 2016; 27(1): 21-31. https://dx.doi.org/10.1007/s00198-015-3145-7.

194. Paggiosi MA, Peel N, McCloskey E et al. Comparison of the effects of three oral
bisphosphonate therapies on the peripheral skeleton in postmenopausal osteoporosis: the
TRIO study. Osteoporos Int 2014; 25(12): 2729-2741. https://dx.doi.org/10.1007/s00198-014-
2817-z.

195. Sheffield Teaching Hospitals NHS Foundation Trust. Bisphosphonate action on the
appendicular skeleton: evidence for differential effects; subtitle: a 2-year randomised parallel
group trial of alendronate, ibandronate and risedronate for postmenopausal osteoporosis in
secondary care [online]. [Accessed: 09.07.2020]. URL.:
https://www.clinicaltrialsregister.eu/ctr-search/search?query=eudract number:2006-004738-
33.

Institute for Quality and Efficiency in Health Care (IQWiG) -57 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

196. Sheffield Teaching Hospitals NHS Foundation Trust. Bisphosphonate action on the
appendicular skeleton: evidence for differential effects [online]. 2018 [Accessed: 03.07.2020].
URL: https://ClinicalTrials.gov/show/NCT00666627.

197. Geusens P, Marin F, Kendler DL et al. Effects of teriparatide compared with risedronate
on the risk of fractures in subgroups of postmenopausal women with severe osteoporosis: the
VERO Trial. J Bone Miner Res 2018; 33(5): 783-794. https://dx.doi.org/10.1002/jbmr.3384.

198. Kendler DL, Marin F, Geusens P et al. Psychotropic medications and proton pump
inhibitors and the risk of fractures in the teriparatide versus risedronate VERO clinical trial.
Bone 2020; 130: 115113. https://dx.doi.org/10.1016/j.bone.2019.115113.

199. Kendler DL, Marin F, Zerbini CAF et al. Effects of teriparatide and risedronate on new
fractures in post-menopausal women with severe osteoporosis (VERO): a multicentre, double-
blind, double-dummy, randomised controlled trial. Lancet 2018; 391(10117): 230-240.
https://dx.doi.org/10.1016/S0140-6736(17)32137-2.

200. Department of Error. Lancet 2018; 392(10162): 2352. https://dx.doi.org/10.1016/S0140-
6736%2818%2932944-1.

201. Department of Error. Lancet 2018; 391(10117): 204. https://dx.doi.org/10.1016/s0140-
6736(17)33099-4.

202. Minisola S, Marin F, Kendler DL et al. Serum 25-hydroxy-vitamin D and the risk of
fractures in the teriparatide versus risedronate VERO clinical trial. Arch Osteoporos 2019;
14(1): 10. https://dx.doi.org/10.1007/s11657-019-0561-x.

203. Eli Lilly. Teriparatide and risedronate in the treatment of patients with severe
postmenopausal osteoporosis: comparative effects on vertebral fractures [online]. [Accessed:
09.07.2020]. URL: https://www.clinicaltrialsregister.eu/ctr-
search/search?query=eudract_number:2012-000123-41.

204. Eli Lilly. VERtebral Fracture Treatment Comparisons in Osteoporotic Women (VERO)
[online]. 2019 [Accessed: 03.07.2020]. URL: https://ClinicalTrials.gov/show/NCT01709110.

205. Eli Lilly. Teriparatide and Risedronate in the Treatment of Patients with Severe
Postmenopausal Osteoporosis: Comparative Effects on Vertebral Fractures; study B3D-EW-
GHDW; Clinical Study Report [unpublished]. 2017.

206. Institut fiir Qualitdt und Wirtschaftlichkeit im Gesundheitswesen. Allgemeine Methoden,;
Version 6.1 [online]. 2022 [Accessed: 24.01.2022]. URL:
https://www.igwig.de/methoden/allgemeine-methoden-v6-1.pdf.

207. Organon. FOSAMAX einmal wochentlich 70 mg Tabletten [online]. 2021 [Accessed:
30.12.2021]. URL: https://www.fachinfo.de.

208. Teva. Tevanate 10 mg Tabletten [online]. 2020 [Accessed: 30.12.2021]. URL.:
https://www.fachinfo.de.

Institute for Quality and Efficiency in Health Care (IQWiG) -58 -



Extract of final report A19-10 Version 1.0
Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

209. Institut fiir Qualitdt und Wirtschaftlichkeit im Gesundheitswesen. Bisphosphonate,
Teriparatid und Denosumab zur Behandlung der postmenopausalen Osteoporose;
Berichtsplan [online]. 2019 [Accessed: 16.12.2019]. URL:
https://www.igwig.de/download/A19-10_Bisphosphonate-Teriparatid-und-Denosumab-bei-
postmenopausaler-Osteoporose_Berichtsplan_V1-0.pdf.

210. Wong SS, Wilczynski NL, Haynes RB. Comparison of top-performing search strategies
for detecting clinically sound treatment studies and systematic reviews in MEDLINE and
EMBASE. J Med Libr Assoc 2006; 94(4): 451-455.

211. Lefebvre C, Glanville J, Briscoe S et al. Cochrane Handbook for Systematic Reviews of
Interventions; Version 6.2; Technical Supplement to Chapter 4: Searching for and selecting
studies [online]. 2021 [Accessed: 27.05.2021]. URL:
https://training.cochrane.org/handbook/version-6. 1/chapter-4-tech-suppl.

The full report (German version) is published under

https://www.igwig.de/en/projects/al 9-10.html

Institute for Quality and Efficiency in Health Care (IQWiG) -59 -



Extract of final report A19-10 Version 1.0

Bisphosphonates, teriparatide and denosumab for postmenopausal osteoporosis 2 Nov 2022

Appendix A — Search strategies
A.1 — Searches in bibliographic databases

1. MEDLINE
Search interface: Ovid
Ovid MEDLINE(R) 1946 to November Week 4 2019,

Ovid MEDLINE(R) Daily Update December 03, 2019
The following filters were adopted:

Systematic review: Wong [210] — High specificity strategy

RCT: Lefebvre [211] — Cochrane Highly Sensitive Search Strategy for identifying
randomized trials in MEDLINE: sensitivity- and precision-maximizing version (2008
revision)
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Searches

exp Osteoporosis/

Bone Density/

Osteoporotic Fractures/

(osteoporosis or osteoporotic or osteopen*®).ti,ab.

(bone* adj3 (densit* or loss* or mass* or fragility* or resorption* or turnover*)).ti,ab.

fracture* ti.

or/1-6

Female/

O |0 [ Q[N ||k~ |W[IN|[—= T

women.ti,ab.

—_
(=]

or/8-9

—
—

(bisphosphonat™* or alendronat™ or ibandronat™ or risedronat® or risedronic* or zoledronat® or
zoledronic*).mp.

12 (teriparatid* or denosumab*).mp.

13 or/11-12

14 and/7,10,13

15 Randomized Controlled Trial.pt.

16 Controlled Clinical Trial.pt.

17 (randomized or placebo or randomly).ab.

18 Clinical Trials as Topic/

19 trial.ti.

20 or/15-19

21 exp Animals/ not Humans/
22 20 not 21

23 and/14,22

24 cochrane database of systematic reviews.jn.

25 (search or MEDLINE or systematic review).tw.

26 meta analysis.pt.

27 or/24-26
28 and/7,13,27
29 or/23,28

30 29 not (comment or editorial).pt.

31 30 and (english or german).lg.

Search interface: Ovid

Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations 1946 to December 03, 2019,

Ovid MEDLINE(R) Epub Ahead of Print December 03, 2019
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# Searches
1 (osteoporosis or osteoporotic or osteopen*®).ti,ab.
2 (bone* and (densit* or loss* or mass* or fragility™* or resorption* or turnover*)).ti,ab.
3 fracture* ti.
4 or/1-3
5 women.ti,ab.
6 (bisphosphonat* or alendronat® or ibandronat* or risedronat® or risedronic* or zoledronat® or
zoledronic*).mp.
7 (teriparatid* or denosumab*).mp.
or/6-7
9 and/4-5,8
10 (clinical trial* or random* or placebo).ti,ab.
11 trial.ti.
12 or/10-11
13 and/9,12
14 (search or meta analysis or medline or systematic review).ti,ab.
15 and/4,8,14
16 or/13,15
17 16 not (comment or editorial).pt.
18 17 and (english or german).lg.
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2. Embase
Search interface: Ovid
Embase 1974 to 2019 December 03

The following filters were adopted:

Systematic review: Wong [210] — High specificity strategy

RCT: Wong [210] — Strategy minimizing difference between sensitivity and specificity

# Searches

1 exp Osteoporosis/

2 Bone Density/

3 (osteoporosis or osteoporotic or osteopen*®).ti,ab.

4 (bone* adj3 (densit* or loss* or mass* or fragility* or resorption* or turnover*)).ti,ab.

5 fracture™.ti.

6 or/1-5

7 Female/

8 women.ti,ab.

9 or/7-8

10 (bisphosphonat* or alendronat* or ibandronat* or risedronat® or risedronic* or zoledronat* or
zoledronic*).mp.

11 (teriparatid* or denosumab*).mp.

12 or/10-11

13 and/6,9,12

14 (random* or double-blind*).tw.

15 placebo*.mp.

16 or/14-15

17 and/13,16

18 (meta analysis or systematic review or MEDLINE).tw.

19 and/6,12,18

20 or/17,19

21 20 not medline.cr.

22 21 not (exp animal/ not exp human/)

23 22 not (Conference Abstract or Conference Review or Editorial).pt.

24 23 and (english or german).lg.
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3. The Cochrane Library
Search interface: Wiley

Cochrane Database of Systematic Reviews: Issue 12 of 12, December 2019

Cochrane Central Register of Controlled Trials: Issue 12 of 12, December 2019

ID Search

#1 [mh "Osteoporosis"]

#2 [mh ~"Bone Density"]

#3 [mh ~"Osteoporotic Fractures"]

#4 (osteoporosis or osteoporotic or osteopen*):ti,ab

#5 (bone* NEAR/3 (densit* or loss* or mass* or fragility* or resorption™® or turnover*)):ti,ab
#6 fracture™®:ti

#7 #1 or #2 or #3 or #4 or #5 or #6

#8 [mh ~"Female"]

#9 women:ti,ab

#10 |#8 or#9
#11 |bisphosphonat* or alendronat* or ibandronat* or risedronat* or risedronic* or zoledronat* or
zoledronic*

#12 |teriparatid* or denosumab*

#13 |#11 or #12

#14 |#7 and #10 and #13 in Trials
#15 |#7 and #13 in Cochrane Reviews

A.2 — Searches in study registries

In “PharmNet.Bund Arzneimittel-Informationssystem” (drug information system), a search
was carried out for entries with results reports on studies that had already been identified
elsewhere.

1. ClinicalTrials.gov
Provider: U.S. National Institutes of Health
URL: http://www.clinicaltrials.gov

Type of search: Advanced Search

Search strategy

( bisphosphonate OR alendronate OR ibandronate OR risedronate OR zoledronate OR teriparatide OR
denosumab ) AND AREA[ConditionSearch] ( osteoporosis OR osteopenia )
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2. EU Clinical Trials Register
Provider: European Medicines Agency

URL: https://www.clinicaltrialsregister.eu/ctr-search/search

Type of search: Basic Search

Search strategy

(bisphosphonat® OR alendronat®* OR "MK 217" OR ibandronat* OR risedron* OR "NE 58095" OR zoledron*
OR "ZOL 446" OR "CGP-42446" OR teriparatid* OR LY333334 OR PF708 OR denosumab* OR "AMG
162") AND (osteoporo* OR osteopen*)

3. International Clinical Trials Registry Platform Search Portal
Provider: World Health Organization
URL: http://apps.who.int/trialsearch

Type of search: Standard Search

Search strategy

bisphosphonate AND osteoporosis OR alendronate AND osteoporosis OR MK 217 AND osteoporosis OR
ibandronate AND osteoporosis OR risedron* AND osteoporosis OR NE 58095 AND osteoporosis OR
zoledron* AND osteoporosis OR ZOL 446 AND osteoporosis OR CGP-42446 AND osteoporosis OR
teriparatide AND osteoporosis OR LY333334 AND osteoporosis OR PF708 AND osteoporosis OR denosumab
AND osteoporosis OR AMG 162 AND osteoporosis OR bisphosphonate AND osteopenia OR alendronate
AND osteopenia OR MK 217 AND osteopenia OR ibandronate AND osteopenia OR risedron* AND
osteopenia OR NE 58095 AND osteopenia OR zoledron®* AND osteopenia OR ZOL 446 AND osteopenia OR
CGP-42446 AND osteopenia OR teriparatide AND osteopenia OR LY333334 AND osteopenia OR PF708
AND osteopenia OR denosumab AND osteopenia OR AMG 162 AND osteopenia

A.3 Further information sources and search techniques

Regulatory authorities
EMA

URL: https://www.ema.europa.cu/en/medicines

Search terms

Fosamax, Adrovance, Fosavance, Binosto, Vantavo, Bonviva, Bondenza, Actonel, Aclasta, Forsteo, Terrosa,
Movymia, Prolia

FDA
URL: https://www.accessdata.fda.gov/scripts/cder/daf/

Search terms

Fosamax, Binosto, Fosamax plus D, Boniva, Actonel, Actonel with Calcium, Atelvia, Reclast, Forteo, Prolia
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G-BA-Website und IQWiG-Website
G-BA

URL: https://www.g-ba.de/bewertungsverfahren/nutzenbewertung/

2 Nov 2022

Search terms

osteoporose

IOWiG
URL: https://www.iqwig.de/

Search terms

osteoporose
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