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Abstract

Background: Bisphosphonates are first-line treatment for osteoporosis, but
osteoporosis is considered an undertreated disease. The general aim of this
dissertation was to further study the benefits and harms of bisphosphonates.
There were four specific research questions: (1) Do bisphosphonates reduce the
risk of new fractures in older adults who have a history of fracture? (2) Do
bisphosphonates reduce the risk of fracture in people taking glucocorticoids? (3)
Does confounding explain why bisphosphonates are associated with lower
mortality in observational studies? (4) Do bisphosphonates increase the risk of
non-jaw osteonecrosis?

Methods: To answer these questions, we used Swedish register data on deaths,
diagnoses, and prescription medications to conduct four matched cohort studies
of bisphosphonate users and nonusers. The cohorts were selected from patients
registered in the Hip Fracture Register and from all residents of Sweden who were
aged 50 years or older on December 31, 2005.

Results: (1) Bisphosphonate users had an initially increased risk of sustaining
new fractures, which appeared to be due to an underlying high risk of fracture.
This increased risk diminished over time, which is consistent with a gradual
treatment effect, but it is also consistent with a bias known as depletion of
susceptibles. (2) Bisphosphonate users had a lower risk of fracture during
glucocorticoid therapy. (3) Bisphosphonate users had a lower mortality rate from
day 2 of treatment. Although such an early treatment effect cannot be ruled out,
this finding is consistent with confounding. (4) Bisphosphonate users had an
increased risk of developing non-jaw osteonecrosis.

Conclusion: Most of the results were difficult to interpret as true benefits or
harms of bisphosphonates because alternative explanations, arising from bias or
confounding, were likely. The exception was the results of Study 2, where
alternative explanations are more difficult to find. Therefore, Study 2 suggests
that bisphosphonates reduce the risk of fractures in glucocorticoid-treated
patients. Further research is needed to clarify the potential effects of
bisphosphonates on mortality, non-jaw osteonecrosis, and new fractures after a
previous fracture.
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Enkel sammanfattning pa svenska

Bakgrund

Bisfosfonater ar en grupp lakemedel som starker skelettet. De anvéands framst for
att behandla benskorhet. Syftet med behandlingen dr att 6ka benmassan, for att
pa sa sitt minska risken for frakturer. Trots att det finns vetenskapligt belagg for
att bisfosfonater minskar risken for frakturer anses benskorhet vara en
underbehandlad sjukdom. Tva bidragande orsaker till detta verkar vara att bade
patienter och vardpersonal ar oroliga for biverkningar och osédkra kring huruvida
bisfosfonater verkligen ar effektiva, och i sddant fall vem som har nytta av dem.

Syfte

Syftet med det hir forskningsprojektet var att vidare studera effekterna och
biverkningarna av bisfosfonater. Det gjorde vi genom att anvianda register, fraimst
fran Socialstyrelsen, for att folja upp och jaimfora personer 6ver 50 ar som fatt
bisfosfonater med personer som inte fatt bisfosfonater.

Den hir typen av studier brukar kallas observationsstudier, eftersom forskarna
bara “observerar” det som hinder med patienterna, utan att bestimma vilka som
ska f& behandling (det beslutar vérden i vanlig ordning). Det hér kan jamforas
med hur det gar till i sd kallade kliniska prévningar, dar det ar forskarna som
avgor vilka som far behandling, oftast genom lottning (4ven kallat
randomisering).

Fordelen med observationsstudier dr att de ofta dr enklare och billigare att
genomfora dn kliniska provningar. Nackdelen med dem é&r att resultaten ar
mindre tillforlitliga nar man studerar effekter av behandlingar, eftersom de
grupper som jamfors (t.ex. behandlade och obehandlade patienter) kan vara
ojamforbara. Nir grupperna ar ojamforbara uppstar ett problem som kallas
confounding, vilket betyder att eventuella skillnader mellan grupperna kan bero
pa annat d4n behandlingen.

For att vidare studera effekterna av bisfosfonater genomforde vi fyra studier. I
varje studie hade vi en specifik fragestéllning:

1. Minskar bisfosfonater risken for nya frakturer hos dldre personer som
tidigare har drabbats av en fraktur?

2. Minskar bisfosfonater risken for frakturer hos personer som samtidigt
behandlas med kortison, vilket ar daligt for skelettet?

3. Ar confounding forklaringen till att observationsstudier har visat att
personer som anvander bisfosfonater lever langre dn andra?
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4. Okar bisfosfonater risken for osteonekros (benvivnadsdod) i andra delar
av skelettet dn i kdken, dar det sedan tidigare ar kint att bisfosfonater
kan orsaka osteonekros i sdllsynta fall?

Resultat
S& har blev resultaten:

1. Frakturpatienter som fick bisfosfonat hade forst en hogre risk att drabbas
av nya frakturer an 6vriga patienter, nagot som verkade bero pa en hog
underliggande frakturrisk (det vill siga confounding). Skillnaden i risk
forsvann over tid, vilket kan bero péa att bisfosfonaterna gradvis borjade
fa effekt, men kan ocksa bero pa en felaktighet i den hér typen av analys.

2. Patienter som fick bisfosfonat under sin kortisonbehandling hade en
lagre frakturrisk dn 6vriga patienter.

3. Patienter som fick bisfosfonat hade en ligre dédlighet 4n Gvriga patienter
fran och med dag tva. En si tidig skillnad kan bero pa att bisfosfonater
ges till personer som har en god forviantad livslingd (det vill sdga
confounding). Daremot gar det inte att utesluta att bisfosfonater har en
tidig effekt pa livslangden.

4. Patienter som fick bisfosfonat hade en 6kad risk for att utveckla
osteonekros i andra delar av skelettet &n i kikbenet.

Slutsatser

De flesta av resultaten gér inte att tolka som effekter eller biverkningar av
bisfosfonater, eftersom de behandlade och obehandlade patienterna mycket vil
kan vara ojamforbara. Undantaget till detta ar studie 2, diar det ar svért att
forklara resultaten pa annat satt dn att bisfosfonater minskade risken for fraktur
vid kortisonbehandling. Fler studier behovs for att ta reda pa om bisfosfonater
forlanger livslangden, 6kar risken for osteonekros annat an i kiken och minskar
risken for nya frakturer efter en tidigare fraktur. Man kan diskutera ifall
observationsstudier ar lampliga for att besvara de har frigorna, men om sddana
studier genomfors i framtiden bor deras kvalitet hojas, sa att resultaten blir mera
tillforlitliga.
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Introduction

The occurrence of fractures

Fractures in the general population

It is difficult to say exactly how common fractures are in the general population,
because few studies provide up-to-date information on all fractures that occur.
However, a global estimate for the year 2019 showed that 2 fractures occurred
per 100 people worldwide.! The same rate was reported in a regional study from
Australia during 2006-2007.2 These two studies showed that the most common
fractures are fractures of the hand, forearm, lower leg, and upper arm/shoulder.»2

Despite the similarity in fracture rates in these two studies, fracture rates appear
to vary considerably among countries. International comparisons are easiest to
make for hip fractures because, in contrast to other fractures, hip fractures almost
always lead to hospitalization, which means that data on hip fractures are most
widely available. In a review of hip fractures in 63 countries,3 a more than 10-
fold variation in rates was observed, even after controlling for differences in
population age structure. In the previously mentioned global study of all types of
fractures,! the estimated fracture rates ranged from a low of 1-1.6 fractures per
100 people in sub-Saharan Africa, Oceania, East Asia, and Southeast Asia to a
high of 5 to 9 fractures per 100 people in eastern and central Europe and
Australasia (Australia and New Zeeland). In between these two extremes, the
estimated fracture rate for Sweden was 2.8 fractures per 100 people.

The reasons for these international variations are unclear, but they may be due to
environmental factors, genetic factors, and biases (that is, differences in data
collection). In the international comparison of hip fracture rates,3 the authors
argued that most of the variation in is probably due to environmental factors,
such affluence. Indeed, affluence explains more than half of the international
variation in hip fracture rates, maybe because it leads to reduced physical activity
(resulting in lower of bone strength) and an increased number of hard surfaces.4
However, environmental factors do not easily explain why Finland had a much
lower hip fracture rate than Sweden, Norway, and Denmark (approximately half
of Denmark’s rate), despite Finland’s geographical proximity and economic
similarity. Therefore, bias also seems to be a likely explanation for at least some
of the differences.



Fractures and aging

Fractures occur in all age groups, but they are most common in the oldest age
groups.t2 For example, a study of Skdne County, Sweden, showed that the
fracture rate was four times higher in the age group 80-84 than in the age group
20-24 (5.5 versus 1.4 fractures per 100 people per year).5 However, not all types
of fractures increase consistently with age. As shown in Figure 1, three different
patterns can be seen:6

1. Fractures that increase consistently with age, especially from 70-79 years
of age. These include fractures of the femur, spine, pelvis, and thoracic
cage (top panel of Figure 1).

2. Fractures that increase during childhood but decrease during the teenage
years, before increasing again around age 50. These include fractures of
the arm, shoulder, lower leg, and skull/face (middle panel of Figure 1).

3. Fractures that decrease or remain constant with age. These include
fractures of the foot and hand (bottom panel of Figure 1).
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Figure 1. Fractures in Sweden by age group and type of fracture (ICD-10 code)
in 2019. The data include both hospitalized care and secondary care.¢



The increase in overall fracture risk with older age is not due to an increase in
high-energy fractures, such as those caused by motor vehicle accidents or falls
from one level to another.”8 Instead, the increase is due to an increase in low-
energy fractures, which might occur spontaneously or after a fall from standing
height or less, and which constitute the majority of fractures in adults over 50.7:8
This increase has been explained by an age-related loss of bone strength, an
increased risk of falling, a greater severity of falls, and perhaps a loss soft tissue
to cushion falls.91° These explanations will be further discussed below.

Fractures over time

For decades, studies have projected that fractures will become more common in
the future due to population growth and aging.:»-13 However, the actual trends
that have seen have been less clear. For example, despite population growth and
aging, both the number and rate of hip fractures declined in Sweden between
1998 and 2017 and in the United States between 2002 and 2015.1415 Other
countries have seen increases in the number of hip fractures due to population
growth, but despite population aging, the fracture rates have decreased (that is,
the number of fracture relative to population size). Such a trend has been
observed in France (2002-2013),¢ Finland (1997-2016),7 Catalonia, Spain
(2003-2014),8 and Denmark (1995-2010).19 In Lebanon, a study showed no clear
trend in hip fracture incidence from 2006 to 2017.20

These remarkable trends - and lack of trends - run counter to projections and
have not been clearly explained. Reasons that have been suggested include an
improved treatment of osteoporosis, a greater attention to fall prevention, an
increased prevalence of overweight (which is associated with lower fracture risk),
improvements in nutrition (e.g., calcium and vitamin D status), and
improvements in the overall health of older people.514.15

On the downside of this happy note, the overall fracture rate in Sweden appears
to have increased in both younger adults (20-49 years) and older adults (50 years
or older), in tandem with the decline in hip fractures.5 In the UK however, no
trend in the overall age- and sex- adjusted fracture rate was observed among
adults aged 50 or older between 1990 to 2012.21 Although an American study did
show an increase in fracture rate among people aged 50 or older from 1989-1991
to 2009-2011, this trend was entirely explained by an increase in spine fractures,
perhaps because of more frequent diagnosing.22 In the previously-mentioned
global study of fracture rates,! the estimated number of fractures increased by
33% worldwide from 1990 to 2019, but the age-standardized incidence rate
decreased by 10%. In summary, the most consistent result appears to be a



decrease in the age-standardized fracture rates, with trends in crude incidence
rate and absolute numbers varying geographically.

The consequences of fractures

Complications

Some types of fractures are more serious than others are. The most serious are
hip fractures, which occur primarily in the oldest age groups (mean age around
80 years?7:18:23) and often result in permanent disability and loss of independence.
For example, an American study showed that the percentage of hip fracture
patients who had become dependent, defined as being unable to perform a certain
task or needing assistive equipment, one year after their fracture was 20% for
putting on pants, 83% for getting in or out of the shower or bathtub, and 90% for
climbing 5 stairs.24 In a UK study, only 40% of hip fracture patients who had been
able to walk without an aid before their fracture were able to do so one year later.25
Furthermore, 73% had lived in their own home before the fracture, but only 44%
did so one year later, while 33% had died and 20% had move to a residential care
facility. The rest were hospitalized.25

Other types of fractures are less serious than hip fractures. For example, while an
Australian study showed that only 10% of female hip fracture patients had
regained their pre-fracture mobility after 12 months,2¢ recovery rates were
approximately 90% for wrist and forearm fractures.2¢ In between these two
extremes, other types of fractures showed 12-month mobility recovery rates of 65
to 75%.26

Although mobility recovery rates were better for vertebral fractures than for hip
fractures (66% versus 10%),26 vertebral fractures are also serious. Occurring
primarily in older adults,2527.28 vertebral fractures can lead to kyphosis,29 height
loss,3° and back pain.27:28:30 Most vertebral fractures do not come to medical
attention, but they are still associated with back pain, disability, and best rest due
to back pain.3° As regards hospitalized cases, a Swedish study of 107 patients with
an acute vertebral fracture showed that pain decreased during the first 3 months,
but 76% were still in severe pain 1 year later.2” Similarly, in a Dutch study, 11 out
of 36 patients (31%) did not have significant pain relief after nearly 2 years.28 The
authors interpreted this finding as evidence that vertebral fractures can cause
chronic pain, contrary to common belief.28

However, an American study showed that previous vertebral fractures were not
associated with back pain, unless new fractures had occurred.3° The authors
interpreted this as evidence that pain due to vertebral fractures is transient. Two



possible reasons for the discrepancy with the Dutch study could be that the
investigators examined morphometric vertebral fractures (meaning fractures
that are radiologically detected but do not come to medical attention). In
addition, the Dutch study did not examine whether the occurrence new vertebral
fractures could have explained why many patients did not experienced significant
pain relief within two years.

A limitation of these studies is that they lacked control groups, which means that
it is difficult to determine whether the complications are due to the fractures
themselves or to an underlying trajectory of deteriorating health. However, a
study of lower forearm fractures reported that women with such a fracture
experienced a greater functional decline than controls did.3* There was no
indication that the fractured women were in poorer health; indeed, apart from
having lower bone mass and more falls, they were of a similar age, were more
physically active, and had a better self-rated health and a higher gait speed. This
finding suggests that the fractures did cause functional declines.

Mortality

Another potential consequence of fractures, which has been discussed a lot over
the years, is premature death. Evidence of such an association is abundant for hip
fractures and vertebral fractures,32-3¢ but many other types of fractures are also
associated with premature death.3” An exception to this is forearm fractures,
which are not associated with premature death.35:38-40 The highest death rates are
seen after a hip fracture.32 In Sweden, 25% of hip fracture patients die within a
year.14

Although fractures are clearly associated with premature death, the most
important question is whether fractures actually cause premature death or
whether they are simply a reflection of poor underlying health. This question is
difficult to answer, but two studies estimated that 24% of deaths in hip fracture
patients and 28% of deaths in hospitalized vertebral fracture patients are caused
by the fracture.442 These estimates were derived by subtracting the mortality rate
seen 1 or more years after the fracture from the mortality rate seen during the
first year - the assumption was that any excess mortality beyond the first year
would be due to poor underlying health. This difference was then compared to
the mortality rate in the general population, as an estimate of the excess mortality
in fracture patients adjusted for poor underlying health. This method is
interesting and creative, but it relies on an untested assumption, which makes it
uncertain. Furthermore, a study of vertebral fractures found that poor underlying
health explained the excess mortality.3¢ In any case, the most widely accepted



view appears to be that at least hip fractures cause premature mortality, one
reason for which could be complications such as infections.43.44

Public health

The public-health burden of fractures is high in both monetary and human terms.
As shown in Figure 2, fractures accounted for 6.0% of hospitalization days in
Sweden among people aged 50 or older in 2019.45 This percentage was less than
that for cancer but more than that for ischemic heart disease (e.g., heart attack)
and cerebrovascular disease (e.g., stroke). Similarly, a study of American women
aged 55 years or older showed that fractures were more common and resulted in
larger hospitalization costs than stroke, heart attack, and breast cancer during
2000-2011.4¢ In a recent study of six European countries, fractures were ranked
as the fourth most burdensome of 17 conditions, after ischemic heart disease,
dementia, and lung cancer.47 The reason for this high burden was primarily
fracture-related disability.47
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Figure 2. Percent of all hospitalization days in Sweden by diagnosis (ICD-10)
among people aged 50 years or older in 2019.45



The causes of fractures

Although older age is an important risk factor for fracture, there are many other
risk factors for fractures, as well. These include both skeletal and non-skeletal risk
factors, which will be discussed in the next two subsections.

Low bone strength and osteoporosis

Bone strength is typically assessed through bone density, also known as bone
mineral density (BMD).* BMD explains 70-80% of bone strength in laboratory
tests of extracted bones,© and it is usually measured at the hip or lumbar spine
using dual-energy x-ray absorptiometry, which expresses BMD in bone mass per
square centimeter of bone (g/cm2).1t

The lower a person’s BMD is, the higher his or her fracture risk is.48 The increase
in risk is gradual, which means that there is no threshold beyond which fracture
risks increase sharply.48 A one standard deviation decrease in BMD is associated
with an estimated 50% increase in overall fracture risk and at least a doubled risk
of hip and vertebral fractures.49-5°

BMD can be difficult to interpret when expressed as g/cmz2, so it is often converted
to a T-score. A T-score compares a person’s BMD to the mean in young adults,
and any deviation from the mean is expressed as the number of standard
deviations from the young adult mean.5! The conventional reference group of
young adults is, for everyone, White American women in their twenties.52 The
argument for this convention is that White women have a lower BMD and a
higher fracture risk than men and non-White women, so using White women as
a reference group means that the prevalence of osteoporosis will be highest in
White women, which is consistent with their higher fracture risk.5* For men,
another argument is that men and women with the same BMD have a similar
fracture risk.5!

If a person’s BMD is sufficiently low, he or she is considered to have osteoporosis.
In general terms, osteoporosis is defined as, “a disease characterized by low bone
mass and microarchitectural deterioration of bone tissue, leading to enhanced
bone fragility and a consequent increase in fracture risk.”s3 In 1994, this
definition was specified by a study group under the World Health Organization
as a T-score of -2.5 or less.1° A T-score greater than -1 was defined as normal, and
anything between -2.5 and -1 was defined as osteopenia, also called low bone
mass.° It should be noted that these definitions focus on bone mass rather than
bone microarchitecture, which is part of the general definition of osteoporosis.
The reason for this is that bone microarchitecture, which is a parameter of bone
quality,54 is difficult to measure.!



The World Health Organization study group acknowledged that the BMD cutoff
for osteoporosis is arbitrary.ic However, the group justified it on the grounds that,
according to this definition, 30% of White post-menopausal women in the United
States would have osteoporosis, half of whom would have previously sustained a
fracture.’> Men and non-White women were excluded from the analysis because
of a lack of data.55 Another way to think about the T-score cutoff of -2.5 is that a
person diagnosed with osteoporosis according to this definition has a BMD lower
than at least 99.4% of young adults (BMD follows a Normal statistical
distribution©).

The prevalence of osteoporosis in the general population is difficult to determine
because it varies between studies. For example, the prevalence osteoporosis at the
total hip or femoral neck was 4% in a Korean study (age range, 50-79),5¢ 9% in a
Dutch study (mean age, 66),57 7-10% in a Norwegian study (mean age, 65),58 16%
in two American studies (mean age, 74),8 and 17% in an Australian study (mean
age, 69).59 Although this variability might reflect true geographic differences, it
probably also reflects differences in participant recruitment.!

Although fracture risks are highest in people with osteoporosis (because they
have the lowest BMD), most people who sustain a fracture do not have
osteoporosis. For example, four studies of male and female fracture patients
(mean age, 68-77 years) showed that 30-46% had osteoporosis.860.61 These
percentages can be compared to 10% of fracture-free patients in the one study
that included a control group.® This finding indicates a substantial overlap in
BMD between people who do and do not sustain a fracture, which means that
BMD cannot be used to predict fractures with certainty.49

Similarly, osteoporosis can explain only a minority of the fractures that occur.59:62
In women aged 65 or older, one study estimated that osteoporosis can explain
only 39% of vertebral fractures, 28% of hip fractures, and 15% of all non-vertebral
fractures.o2 This finding is interesting because it contradicts the previous belief
that osteoporosis causes at least 90% of hip fractures,3 as well as most other
fractures that occur in adults aged 50 years or older.64

The BMD definition of osteoporosis is well-established, but there is a competing
view of how osteoporosis should be defined, which focuses on the occurrence of
fractures - the main consequence of osteoporosis.34 An example of this is that the
American College of Physicians states that osteoporosis can be diagnosed by
either BMD or the occurrence of a fracture.’s The relevance of considering
fractures can also be seen in the BMD definition of osteoporosis, where severe or
established osteoporosis is defined as having both osteoporotic BMD and a
history of fragility fracture.1©



The concept of fragility fracture is central to any discussion of osteoporosis and
fractures; two synonyms for fragility fracture are osteoporotic fracture and
osteoporosis-related fracture.” It is often said that osteoporosis-related fractures
affect 1 in 2 women and 1 in 5 men during their lifetime.66:67 Variants of this
statement can also be found; for example, the website of the International
Osteoporosis Foundation states that 1 in 3 women and 1 in 5 men worldwide
experience a fracture caused by osteoporosis after the age of 50.58 However, these
statements can be misleading because the terms “osteoporotic fracture” and
“osteoporosis-related fracture” do not mean that a fracture is necessarily caused
by osteoporosis. Instead, it simply means that such a fracture is common in
people who have osteoporosis. This difference in meaning can be seen in the
original research articles upon which the statements are based, which simply
estimated the remaining lifetime risk of sustaining a fracture of the hip, vertebra,
forearm, or (in one study) the upper arm after age 50.40.6970 Of note, it is not
possible to say whether a particular fracture is caused by osteoporosis because, as
previously mentioned, all types of fractures occur in people without osteoporosis
too.

Hip, vertebral, and (distal) forearm fractures are the classic osteoporotic
fractures, known for being common in osteoporosis patients.”? A limitation of
defining osteoporotic fractures in this way is that it excludes the majority of the
fractures that occur. For example, three studies of adults aged 50 or older showed
that 50-60% of fractures were not of the hip, vertebra, or forearm.52272 Many
other definitions of osteoporotic fracture exist.

Another way to define osteoporotic fracture is a fracture that is associated with
low BMD and increases with age after 50 (if it does not increase after 50, then it
is probably not related to osteoporosis).”3s Based on this definition, Kanis and
colleagues considered fractures of the vertebra, rib, pelvis, upper arm, forearm,
femur, lower leg, clavicle, shoulder blade, and sternum to be osteoporotic.73 They
excluded fractures of the face, skull, hands, feet, ankle, kneecap, and (in men)
lower leg. Some years later, this definition was simplified to include all fractures
except for those of the ankle, hands, feet, skull, and face.n

These two definitions are simple because they are based solely on the affected
skeletal site. It is interesting to note that these definitions imply that almost all
types of fractures are osteoporotic. This a big shift away from the traditional
concept, which focuses mainly on hip, vertebral, and distal forearm fractures.

A third way to define osteoporotic fracture is any fracture occurring after a low-
energy event. A low-energy event is typically defined as equivalent to a fall from
standing height or less.it The idea behind this definition is that such a fall is not
expected result in a fracture in a healthy young person.74 The limitation of this
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definition is that, interestingly enough, high-energy fractures are also associated
with low BMD, and the association appears to be as strong as for low-energy
fractures.”8 Another limitation is that this definition is unfeasible when the cause
of a fracture is unknown, which can be the case in research settings. In these
situations, a definition based on skeletal site is preferable.

A fourth way to define osteoporotic fracture is a fracture that increases in
incidence with age, is more common in women than in men, occurs after a low-
energy event, and affects a skeletal site rich in trabecular bone.?s This definition
includes not only the three classic osteoporotic fractures (hip, vertebral, and
forearm factures), but also fractures of the upper arm, pelvis, and some other
types of limb fractures (the author does not specify which). However, this
definition does not capture all fracture associated with osteoporosis,”s so it is
probably not useful.

Non-skeletal risk factors

There are many non-skeletal risk factors for fractures,% some of which are also
risk factors for osteoporosis. A good example of such a risk factor is older age,
which leads to declines in BMD that explain only part of the higher fracture risk
seen in older people.”6-78 Another contributing factor is that older people fall
more often,”9:8¢ as falls cause the majority of fractures.”822 However, only a small
minority of falls lead to a fracture (3-11%),79-81-83 so neither BMD nor falls explain
the entire increase in fractures with aging.o-1

One clinical guideline lists no fewer than 95 risk factors for fractures and
osteoporosis.’6 These risk factors include genetics, demographics (e.g., age, sex,
and race/ethnicity), lifestyle (e.g., poor nutrition, inadequate exercise, high
alcohol consumption, and smoking), some medications (e.g., glucocorticoids),
some medical conditions (e.g., diabetes and stroke), and having a history of
fracture. The guideline also lists 24 risk factors for falls, which are related to
environment (e.g., poor lighting and slippery surfaces), nutrition (e.g., vitamin D
deficiency and malnutrition), low physical function (e.g., poor balance and
muscle weakness), some medications (e.g., sedatives), some medical conditions
(e.g., poor vision), low cognitive function, and having a history of falling or a fear
of falling. Due to this large number of risk factors, I will limit the rest of this
discussion to four of them: female sex, low body mass index (BMI), history of
fracture, and glucocorticoid use.

After the age of 50, women sustain fractures about twice as often as men do.25:40.72

Before that age, men sustain more fractures.254072 This change is due to a decline
in high-energy fractures in men and a greater rise in low-energy fractures in
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women.34 The greater rise in low-energy fractures in women has often been
explained by the fact that BMD is lower in women and declines rapidly after
menopause, due to a reduction in estrogen production.!-85 However, it unclear
whether lower BMD entirely explains the higher fracture risk seen in women, as
the studies that are often cited show only that men and women have a similar
relative risk of fracture with decreasing BMD.52:86 Studies of the absolute risk of
fracture show different results: similar fracture risk at the same BMD,76.87.88
higher risks in women even after controlling for BMD,89 or inconclusive results
(that is, non-significantly higher risks in women).77.78:9¢ The results have even
varied in different analyses of the same cohort.76:88:89 Another explanation for the
higher risk seen in women could be that women fall more often than men do.992

Low BMI is associated with an increased risk of fracture.93 This association is
explained by that fact that people who have a low BMI also tend to have a low
BMD.93 However, low BMI still appears to be associated with hip fractures after
controlling for BMD.93 The reason for this is unclear, but it could be due to low
BMI leading to muscle weakness, falls, and a smaller amount of protective
padding around the hip.93

A strong risk factor for fracture is having a history of fracture at any skeletal site.94
In general, people who sustain a fracture are at twice the risk of sustaining a new
fracture as are others of the same age and sex.94.95 The mechanism behind this
association is unknown, and it cannot be explained by low BMD in fracture
patients.619596 One explanation that has been suggested is that after the fracture,
BMD could decrease due to immobilization.95 Alternatively, having a history of
fracture might simply be a marker of increased fracture risk, rather than a cause.9

Glucocorticoids are considered to be the leading cause of secondary osteoporosis,
secondary meaning that it is caused by an underlying disease or medication.9”
Glucocorticoids have anti-inflammatory and immunosuppressant effects, which
means that they are used to treat a variety of conditions, such as rheumatoid
arthritis, asthma, chronic obstructive pulmonary disease, and inflammatory
bowel disease.?8:99 Although highly effective, glucocorticoids are also harmful to
BMD, primarily because they reduce bone formation.s70c Other adverse effects
of glucocorticoids that might increase the risk of fractures include a reduced
calcium uptake, which can negatively affect bone, and muscle weakness, which
can negatively affect bone and increase the risk of falling.97

In clinical trials of glucocorticoids, vertebral fractures have been detected as an
adverse effect.101102 These trials have been too small or too short to examine
effects on non-vertebral fractures. Therefore, the evidence that glucocorticoids
increase the risk of non-vertebral fractures comes from observational studies,
which have reported an increased risk within 3 months of glucocorticoid therapy,
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a risk that increases with both the dose and duration.103-195 These increases have
mainly been seen in people taking oral glucocorticoids.103-195 The evidence that
non-systemic (e.g., nasal, topical, or inhaled) glucocorticoids increase the risk of
fracture is less compelling.106-199 It should be noted the increased risk of non-
vertebral fractures seen in patients taking oral glucocorticoids is difficult to
interpret because many of the underlying conditions are also associated with
increased fracture risks.9” Therefore, the effect of glucocorticoids is difficult to
separate out.

The prevention of fractures

There is broad agreement in the field of osteoporosis that many fractures are
preventable.44.66.110 Part of this is related to lifestyle changes. Healthy lifestyle
habits recommended for everyone include maintaining a healthy diet, exercising,
not smoking, and limiting alcohol consumption.44.66.110 Some people may also
benefit from bone-strengthening medications.44.66.110 Of all these preventive
measures, bone-strengthening medications have been the most successful
because evidence of that they are effective are most abundant.* Even so,
treatment rates for osteoporosis remain low. Let us take a look at this issue more
closely.

Undertreatment of osteoporosis

Osteoporosis has long been recognized as an undertreated disease. Although
some researchers disagree that osteoporosis is undertreated,’2 a 2007 editorial
in the Internal Medicine Journal drew readers’ attention to the issue, sometimes
called a “treatment gap”, with the following title: Osteoporosis: it’s time to ‘mind
the gap’.1'3 An even stronger title was published by the American Society for Bone
and Mineral Research in 2016: Call to action to address the crisis in the
treatment of osteoporosis (the document was signed by 33 organizations).114

A common way to show that osteoporosis is undertreated is by examining
treatment rates after a hip fracture, as treatment can be prescribed after a hip
fracture without further evaluation of osteoporosis. During the 10-year period
from 2002 to 2011, an American study reported that only 24% of hip fracture
patients collected a prescription for an osteoporosis medication in the following
year.’s What is more, the percentage declined over time, from 40% in 2002 to
21% in 2011."5 Similarly, A UK study from 1990 to 2012 found that prescription
rates of oral anti-osteoporosis drugs increased until 2006, after which they
plateaued in men and declined in women. 16 A recent study from Singapore found
that 40% of hip fracture patients were treated within one year,"” and in Italy, a
recent study found that 23% received treatment.18 Treatment rates are lower in
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Sweden, where an estimated 6-14% of hip fracture patients receive treatment.119-
121

It should be noted that these studies might have underestimated the use of
intravenous and subcutaneous medications administered by health care
professionals, as the studies mainly used data on prescribed medications. Even
so, a Swedish survey showed that only 8% of patients treated for osteoporosis had
received zoledronic acid,’»2 which suggests that that the underestimation of
treatment rates should be modest. In Sweden, the low treatment rate has gained
the attention of authorities, which advocate increased treatment of patients with
hip and other fractures.'21123 According to authorities, the treatment rates should
perhaps be 60-70%.12

The undertreatment of osteoporosis is particularly pronounced in certain groups,
such as men and the oldest people. For example, the Swedish National Board of
Health and Welfare has concluded that women aged 70 or older are less
frequently treated after a fracture than women aged 50-69 years are, which it
points out goes against treatment guidelines.’?! Furthermore, the Board states
that there is an unjustifiably large difference in prescription rates between men
and women after a fracture (17% in women and 4% in men).'2! A recent analysis
of Swedish hip fracture patients also concluded that men, persons aged 75 years
or older, and people in poor health are less often treated.! Lower prescriptions
rates have also been seen in male and older hip fracture patients in the United
States,!15 although another American study showed little difference in the age of
treated and untreated osteoporosis patients.24

Reasons for the undertreatment

Surveys of physicians and osteoporosis patients reveal several possible
explanations for the low treatment rates.'25-127 One explanation could be that
osteoporosis is not prioritized. For example, physicians have reported that they
prioritize other conditions and that they do not consider osteoporosis urgent to
treat.125.126 Similarly, an interview of 13 general practitioners showed that patients
often do not consider osteoporosis to be very serious, especially because it is
asymptomatic.125s This view has been confirmed by an online survey of 503 self-
reported, untreated osteoporosis patients, of whom 24% did not consider
osteoporosis serious enough to require medication.!?7 Fifty-eight percent of the
patients reported that they used dietary supplements instead, and 38% had tried
lifestyle changes.’?” Another online survey also showed that there was a
preference for supplements and lifestyle changes among untreated osteoporosis
patients.126 The prioritization of other conditions can also be seen in that both

14



physicians and patients report that the using other medications can be a reason
for not starting osteoporosis treatment.125-127

A second and similar explanation, which was not mentioned in the surveys, could
be that osteoporosis passes by undetected, as it is asymptomatic. For example, a
recent Swedish population-based study showed that only 20% of those meeting
treatment criteria had received treatment.22 However, low detection rates do not
seem to be the only explanation, as an American study showed that more than
half of patients diagnosed with osteoporosis had not been treated 12 months
later.>24 A lower but still high percentage of non-treatment was found in a recent
Australian study, in which 24% of 25,188 osteoporosis patients in primary care
were not treated.125

A third explanation could be that patients often do adhere to treatment and feel
that taking bone-strengthening medications in pill form is a burden.'>s This
explanation has a weakness, however, in that both intravenous and subcutaneous
options are available, although these options can be more expensive.

A fourth explanation could be a general reluctance to take medicines among
patients.!25.126 However, this does not explain why treatment rates are much
higher with, say, statins after heart attack.128.129

A fifth explanation could be the cost of treatment.!25-127 However, cheap generic
variants have been available since the mid-2000s.1!

A sixth and well-known explanation, which was not described in the mentioned
surveys, is a weakness in the structure of health care.130 This weakness is the
fragmented nature of post-fracture care, which often involves several different
physicians.130 First, there are orthopedic surgeons, who fix the fracture but often
leave osteoporosis screening and treatment decisions to primary care. Primary
care physicians, in turn, often screen for osteoporosis only if this is recommended
by an orthopedic surgeon. All the while, specialists in osteoporosis, often
rheumatologists or endocrinologists, do not routinely encounter fracture
patients. A response to this problem has been the creation of fracture liaison
services, where post-fracture care is coordinated by a dedicated staff member,
typically a nurse.13c However, a recent Swedish study found that only 6% of hip
fracture patients received treatment despite the existence of a fracture liaison
service.19

A seventh explanation may be contraindications, such as hypocalcemia, or
comorbidities such as gastrointestinal problems, poor renal function, and poor
dental health.1>s Although contraindications by definition make treatment
inappropriate, these comorbidities do not preclude treatment because non-oral
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medications are available and because not all osteoporosis medications require a
good renal function (denosumab).

An eighth explanation, which is reflected in surveys of both physicians and
patients, may be concerns about adverse effects.!25-127 In support of this
explanation, an American study showed that medication use have declined in the
United States, which coincided with Google searches about their adverse
effects.13t

A ninth explanation, also reflected in surveys, could be that there are doubts
about the effectiveness of available treatments, including doubts about what
patients benefit from treatment.25126 This possibility is interesting because it
contradicts systematic reviews and clinical guidelines, which clearly state that
available medications are effective.65132-134 Nevertheless, a study of general
practices in Sydney, Australia, failed to find medical reasons for BMD tests to be
run on some patients but not others.135 Furthermore, the treatment decisions
seemed to be based solely on the BMD T-score cutoff of -2.5, while other risk
factors for fractures were not associated with treatment. These finding led the
authors to conclude that physicians seem to be unsure of who they should treat.:35

In sum, the undertreatment of osteoporosis appears to be related to the perceived
seriousness of disease, an unclear clinical responsibility to diagnose and treat it,
and the perceived safety and effectiveness of available medications.

Who should be treated?

Although there is broad agreement that osteoporosis is undertreated,
determining who should be treated is not a straightforward task. Some clinical
guidelines state that osteoporosis, as defined by a BMD T-score of -2.5 or less, is
a sufficient condition for treatment.®5:66.136-139 Other guidelines, such as Swedish
guidelines, recommend treatment only if additional risk factors for fracture are
present, which are determined by a risk calculator (such as FRAX) or a history of
fracture.133.134.140-144 Furthermore, all of these guidelines recommend treatment
in patients without osteoporosis who still have a high fracture risk.65:66,133,134,136-
144 Some of the guidelines even state that treatment can be considered in patients
with a fragility fracture without further assessment of BMD or future fracture
risk.65:133,137,139,144

The source of the difficulty probably lies in the definition of osteoporosis, which
in turn is difficult - should the diagnosis be based on BMD or fractures? In the
year 2000, a well-known osteoporosis researcher argued that the question of
“Who has osteoporosis?” is not clinically important.55 Instead, he argued, the
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clinically important question is “Who should be treated?”, and the answer is
patients who have a high fracture risk.5s Recently, another well-known
osteoporosis researcher went even further by arguing that osteoporosis, as
defined by low BMD, should no longer be classified as a disease.145 The reason for
this, he argued, is that the definition of osteoporosis is both arbitrary and
unhelpful; it is unhelpful because both patients and physicians expect people who
have a diagnosis to be treated but no one else.’5 Instead, the researcher argued,
clinical practice should shift and is shifting toward treating high fracture risks,
where BMD is one of many risk factors. Let us take a closer look at the most
commonly used medications, which are known as bisphosphonates.

Bisphosphonates as first-line treatment

Bisphosphonates are the most commonly used bone-strengthening
medications,! and they have the status of first-line treatment for osteoporosis in
many clinical guidelines.65133.139.146 Bisphosphonates act by reducing the
breakdown of bone tissue, a process known as bone resorption.147 This reduction
in resorption leads to an increase in BMD,47 or to a slowed or stopped decline in
BMD.48

The increase in BMD is often presumed to be the mechanism through which
bisphosphonates reduce the fracture risks. However, meta-analyses and post-hoc
analyses of clinical trials have shown that the increase in BMD cannot explain the
entire reduction in fracture risk.149-152 In these analyses, the degree to which the
reduction can be explained by BMD varied considerably, from none or little (less
than 20%) to most but not all (up to 70%). If additional mechanisms are indeed
involved, these are unknown but may be related to improvements in bone quality,
which are not captured by BMD, or to a reduction in falls.150:151,153

At least 11 different types of bisphosphonates have been developed over the
years.’s4 Not all of these in use everywhere in the world,s4 but in Sweden, the
most common are alendronate, risedronate, and zoledronic acid.22 Alendronate
and risedronate are taken orally as pills, and zoledronic acid is administered
intravenously by infusion. In the following two subsections, I will examine what
is known about these three types of bisphosphonates, in terms of both their
beneficial effects and harmful effects.

Benefits of bisphosphonates

Supplemental Tables 1-3 describe the design and results of the 10 largest placebo-
controlled trials of alendronate, risedronate, and zoledronic acid. These trials,
which recruited a total of 33,166 participants, reported the following reductions
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in fracture risk, although not all of the trials examined all types of fracture or
showed statistically significant reductions:153.155-163

e 46-77% for clinical vertebral fractures

e 41-70% for morphometric vertebral fractures (morphometric meaning
that they were detected by radiograph but did not come to medical
attention, as clinical vertebral fractures were)

e 21-51% for hip fractures

e  12-47% for non-vertebral fractures

e 14-40% for any clinical fracture

This simple summary suggests that bisphosphonates have the greatest effect on
vertebral fractures, a smaller effect on hip fractures, and the smallest effect on
other non-vertebral fractures. Indeed, this pattern is confirmed by multiple meta-
analyses of the trials,164-166 although one found a similar effect on hip fractures
and non-vertebral fractures.'6” An explanation for this pattern is that the greatest
increases in BMD are seen at the hip and spine because these sites are rich in
trabecular bone, which is most affected by bisphosphonates.11.168 The effect might
be greatest for vertebral fractures because these are more directly linked to
skeletal fragility than other fracture are, since vertebral fractures are typically not
caused by falls.t

As can be seen in the list of effects above, the estimated effects varied among
trials. Two reasons for this variation could be differences in study design or
differences in the effects of bisphosphonates. Although the effects of
bisphosphonates on fractures have not been directly compared in head-to-head
trials, any differences that may exist are believed to be small.:32 Another
explanation could be random fluctuation, as the confidence intervals in the trials
were wide. Confidence intervals were also wide the in meta-analyses,1¢4-167 so the
exact magnitude of fracture reductions is unknown.

One of the 10 largest trials showed an unexpected beneficial effect of zoledronic
acid: reduced mortality.53 Although such an effect was not detected in the other
trials, and although meta-analyses showed conflicting results,¢9-171 many
observational studies have shown that bisphosphonates are associated with lower
mortality.172-184 These associations are uncertain, however, because they could
arise even if bisphosphonates have no effect on mortality; this would be the case
if physicians tend to prescribe bisphosphonates to patients who have a decent life
expectancy. This explanation, which is known as confounding, is plausible
because older and sicker patients are less likely to receive treatment.!9,122
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The 10 largest trials primarily recruited women in their 60s or 70s who had
osteoporosis, osteopenia, and/or a history of vertebral fracture (Supplemental
Table 1). Although men sustain one third of all fractures that occur in people aged
50 or older,2572 men were included in only 2 of the trials (one of these included
men only; the other included both men and women).?53.162 People aged 80 or older
were also few, as the mean age ranged from 63 to 74 years, despite the fact that
the highest fracture risks are seen in the oldest age groups.25185 Furthermore,
more than half of hip fractures in Sweden and the United states occur in people
aged 80 years or older.15:23

The underrepresentation of men and the oldest adults means that it is unclear
whether bisphosphonates have the same effects in these patient groups. The
possibility that bisphosphonates are less effective in patients aged 80 or older was
raised after a clinical trial of risedronate failed to show a statistically significant
reduction in hip fractures in this age group.160.18¢6 Similarly, a pooled analysis of
zoledronic acid trials showed a statistically significant reduction in hip fractures
only in participants under 75 (other fractures were, however, significantly
reduced in older participants).’87 One proposed explanation for these findings
that was that the oldest adults fall often, which might offset the beneficial skeletal
effects of bisphosphonates.186.187 Two other possibilities that were given were low
statistical power and, in the risedronate trial, the fact that the participants had
not primarily been selected for low BMD.186.187

Another example that raised the possibility that bisphosphonates are less
effective in the oldest age groups is a small trial of zoledronic acid conducted in
nursing home residents.!88 When this trial did not detect an effect on fractures,
the authors reasoned that treatment might be less effective in the oldest age
groups because of their frailty and poor bone quality (separate from their low
BMD).188 Another explanation was that the trial was not powered to examine
effects on fractures.’88 In contrast to these studies, a pooled analysis of
alendronate trials showed no decline in anti-fracture effects from age 55 to 80.189
It should also be mentioned that none of the studies showed that adverse effects
were more common in the oldest age groups.!86.187.189 Qverall, there is not a strong
indication that bisphosphonates are less effective in the oldest age groups,
although data are indeed scarcer in patients aged 80 or older.

As previously mentioned, data are also scarcer in men. Four trials of alendronate,
risedronate, and zoledronic acid have been conducted in men specifically, and
these were smaller than those conducted in women.162:190-192 The four trials in
men all showed that bisphosphonates increased BMD, and three of them detected
significant reductions in morphometric vertebral fractures,162190:191 although one
of these trials showed different results depending on the method that was used to
determine vertebral fractures.9° One of the trials also detected a reduction in
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non-vertebral fractures.!9! In three of the trials, the investigators concluded that
the effects are similar to those seen in women.62190.192 This conclusion is also
supported by a subgroup analysis in a trial of zoledronic acid in male and female
hip fracture patients,93 which showed a similar increase in BMD among men and
women. Although this trial detected a significant reduction in clinical fractures in
women but not in men, the difference in effect was not statistically significant.193

Another underrepresented group is patients taking glucocorticoids. These
patients were excluded from the 10 largest trials of bisphosphonates, which
focused on primary osteoporosis (primary meaning that osteoporosis was not
caused by a medication or an underlying disease). Separate trials were therefore
conducted specifically in glucocorticoid-treated patients,94-204 which led to the
approval of bisphosphonates for the treatment of glucocorticoid-induced
osteoporosis.2o5 However, these trials primarily confirmed that bisphosphonates
increase BMD, as only one showed a significant reduction in morphometric
vertebral fractures.195 None of the trials showed a reduction in clinical vertebral
fractures or non-vertebral fractures. The reason for this could be that the trials
were underpowered, as they were generally smaller and shorter than trials of
primary osteoporosis, with less than 500 participants followed-up over 1 to 2
years instead of thousands of participants followed-up over 2-3 years.

In glucocorticoid-treated patients, greater statistical power has been achieved in
meta-analyses. These analyses have shown significant reductions in vertebral
fractures with risedronate, although with for other bisphosphonates and no
significant reductions in non-vertebral fractures.205206 One of these meta-
analyses showed that the pooled estimates for vertebral and non-vertebral
fractures were similar to those obtained when pooling trials of primary
osteoporosis and osteopenia, leading the authors to conclude that there is no
signal of different effects.205 However, there is still no statistically significant
evidence from pooled analyses of clinical trials to show that bisphosphonates
prevent non-vertebral fractures in glucocorticoid-treated patients.

As mentioned above, several of the 10 largest trials of bisphosphonates required
a history of vertebral fracture, with or without low BMD (Supplemental Table 1).
One trial required a history of hip fracture, regardless of BMD.153 These trials were
justified on the grounds that hip and vertebral fractures are associated with low
BMD and an increased risk of sustaining new fractures.53.155 However, this is true
of most other types of fractures,949 and no clinical trial has examined whether
bisphosphonates reduce the risk of new fractures in patients with other types of
fractures, unless these have been selected for low BMD. A post-hoc analysis of
one clinical trial did examine such an effect, but this analysis failed to detect a
reduction in new fractures, perhaps because of low statistical power.207 Since
non-hip, non-vertebral fractures constitute the majority of fractures that
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occur,5>72 the absence of trials demonstrating that bone-strengthening
medications are effective for preventing new fractures may mean that an
opportunity for secondary fracture prevention has been missed. This is especially
the case because BMD might not be assessed in the majority of fracture
patients.19:135

In summary, clinical trials provide substantial evidence that bisphosphonates
reduce the risk of vertebral and non-vertebral fractures. However, these trials
have been conducted in specific patient groups, which might limit their
generalizability to the diverse groups of patients seen in clinical practice,
including men, people aged 80 or older, people taking glucocorticoids, and older
adults with a history of any fracture, who are not selected based on low BMD.

Harms of bisphosphonates

As summarized in Supplemental Table 4, the 10 largest trials of bisphosphonates
reported only one clear adverse effect: post-infusion, influenza-like symptoms
after treatment with zoledronic acid.153.161.162 One trial also noted that zoledronic
acid might have increased the risk of atrial fibrillation, arrhythmia, and
inflammatory ocular conditions and caused transient reductions in renal function
and calcium levels.’6r However, these results were not confirmed in the three
other large trials of zoledronic acid.153.162.163 One of these three trials suggested
that zoledronic acid increases the risk of myocardial infarction,¢2 but a another
trial found a lower risk of both coronary heart disease and cancer with zoledronic
acid.1®3 These conflicting results suggest that the higher risks seen in the
zoledronic acid groups may well have been coincidences. Nevertheless, severely
impaired renal function is still a contraindication for bisphosphonate treatment.

Despite these positive results from large clinical trials of bisphosphonates, two
rare but serious adverse effects were detected after marketing: osteonecrosis of
the jaw and atypical femur fractures. Osteonecrosis (literally “bone death”) of the
jaw is defined as exposed and often painful bone in the mouth that does not heal
within 8 weeks.208 Osteonecrosis of the jaw was first reported to be associated
with bisphosphonate treatment in 2003,209 when an oral and maxillofacial
surgeon described 36 cases who were all treated with intravenous
bisphosphonates (pamidronate or zoledronic acid). Only one of these patients
was treated for osteoporosis, whereas the others were treated for cancer-related
hypercalcemia. This 2003 report was followed by additional reports.210-212
Although no increased risk was observed in the original trials, in extension trials,
or in meta-analyses.213-216 osteonecrosis of the jaw is now a widely accepted
adverse effect of bisphosphonate treatment,208 which is listed in medication
package inserts.217-219 Even so, osteonecrosis it is rare in osteoporosis patients,
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occurring primarily in cancer patients, who receive much higher cumulative
doses of bisphosphonates (for example, monthly rather than yearly infusions of
zoledronic acid).2°8 One review estimated that the incidence of osteonecrosis of
the jaw is between 1 per 100,000 and 1 per 10,000 per year in osteoporosis
patients and 1 per 100 to 15 per 100 per year in cancer patients.208

A question that has been raised is why the jaw, of all sites, is affected.220 This is a
particularly relevant question because osteonecrosis is otherwise a condition that
typically occurs in the hip, knee, or shoulder.221.222 Although the reason for this
has not been established, one explanation could be that the jaw bones are exposed
to the outer environment, which makes them susceptible to bacterial infection, a
common finding in cases of osteonecrosis of the jaw.220 In contrast, bacterial
infection is not a feature of non-jaw osteonecrosis, so although the two conditions
may sound the same, they may in fact two different conditions.220 Another,
simpler reason could be that there are few reports of bisphosphonate-related
osteonecrosis in other skeletal sites.223 A few large observational studies have
examined whether bisphosphonates are associated with non-jaw osteonecrosis,
and these have shown conflicting results.224.225

In 2005, two years after the first report on osteonecrosis of the jaw, the other
serious adverse effect of bisphosphonates was discovered, atypical femoral
fractures. This time, the report was of non-vertebral fractures occurring
spontaneously in bisphosphonate-treated patients.226 Atypical femoral fractures
are now defined as fractures of the femoral shaft or subtrochanteric region that
typically occur spontaneously or after a low-energy event and meet a few
radiographic criteria.227 As with osteonecrosis of the jaw, similar reports followed
the initial one.228-230 Although the clinical trials showed no increased risk,214.215.23t
atypical femoral fractures are now widely accepted as an adverse effect of
bisphosphonate treatment and mentioned in medication package inserts.217-219.227

In contrast to osteonecrosis of the jaw, which mainly occurs in patients taking
intravenous bisphosphonates for cancer, atypical femoral fractures primarily
occur in people taking oral bisphosphonates for osteoporosis.22” Another
difference is that the risk of atypical femoral fracture clearly increases with the
duration of bisphosphonate treatment,232-235 which is not well-established for
osteonecrosis of the jaw.208 A similarity between the two adverse effects is that
the associations are strong but the risks are low. For example, three studies
estimated that the rate of atypical femoral fracture was 0.2, 1.7, and 5.5 cases per
10,000 treated patients per year, as compared with 0.1 in controls.232-235
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Summary, general aim, and specific research questions

The above discussion showed that (1) fractures are common; (2) fractures
increase with age; (3) fractures can have serious consequences; (4) fractures can
be prevented by bone-strengthening medications; (5) these medications are
considered underused; (6) this underuse appears to be explained in part by
concerns about the safety and effectiveness of available medications, as well as
uncertainties about who should be treated; (7) the most commonly used bone-
strengthening medications are bisphosphonates; and (9) there are still knowledge
gaps in the beneficial and harmful effects of bisphosphonates. Therefore, the
general aim of this dissertation was to further study the benefits and harms of
bisphosphonates in older adults.

Four specific research questions were addressed:

1) Do bisphosphonates reduce the risk of new fractures in older adults who
have a history of fracture?

2) Do bisphosphonates reduce the risk of fracture in people taking
glucocorticoids?

3) Does confounding explain why bisphosphonates are associated with
lower mortality in observational studies?

4) Do bisphosphonates increase the risk of non-jaw osteonecrosis?

It is beyond scope of this thesis to examine whether the undertreatment of
osteoporosis is due to factors other than a lack of evidence of the benefits and
harms of bisphosphonates. Examples of such factors are a low awareness of the
effectiveness and safety of bisphosphonates, an underestimation of the problem
of osteoporosis, or deficiencies in the structure of health care. These factors would
have different implications for research.

My colleagues and I addressed these four questions in four separate research

articles. The results of these articles are summarized in the Results chapter below.
First, however, I will explain how the results were obtained.
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Methods

The four studies included in this dissertation were based on similar data and
methods. This chapter discusses the data and methods that these studies had in
common. Study-specific methods are presented in the Results chapter below and
in the original publications.

Study design

The four studies were all designed as retrospective cohort studies, in which
bisphosphonate users and non-users were followed-up for fractures,
osteonecrosis, or death. The data were obtained from Swedish registers, which
are described in the next subsection.

A retrospective cohort design was chosen because it has several strengths in terms
of time, cost, ethics, analysis, and generalizability. Since this type of study is based
on pre-existing data, it can be conducted in large groups of people at little cost.
The use of pre-existing data also means studies can be conducted quickly, as there
is no need spend years enrolling and following-up participants. Furthermore,
since Swedish registers cover all residents of the country, it is possible to study
groups of people that are representative of the average patient seen in clinical
practice. In terms of analysis, cohort studies have an advantage over case-control
studies in that disease occurrence can be calculated. An ethical advantage of
cohort studies compared to clinical trials is that the researchers do not decide
which patients do and do not receive treatment (this is the decision of the health
care professionals).

The retrospective cohort design also has several limitations. First, as in any
observational study, the possibility of confounding is always a source of
uncertainty. Second, retrospective cohort studies can be particularly prone to
confounding because the use of pre-existing data means that the researchers
cannot ensure that important variables are included and measured accurately.
Third, since the researchers do not have contact with the people included in the
study, there is no way to encourage good adherence to treatments. Fourth, many
medical conditions are underreported in registers, which limits confounding
control and outcome tracing. Despite these limitations, my coauthors and I
decided to proceed with the retrospective cohort design because of its strengths.
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Data sources

The data came from six Swedish registers. Four of these registers are managed by
the National Board of Health and Welfare, which is a government agency under
the Ministry of Health and Social Affairs:

The National Patient Register
The Prescribed Drug Register
The Cause of Death Register
The Cancer Register

RN

One register is managed by Statistics Sweden, which is the agency of government
statistics:

5. The Longitudinal Integrated Database for Health Insurance and Labour
Market Studies (LISA)

The final register is managed by the regional government in Skéne County:

6. The Hip Fracture Register

These six registers are presented in detail in the next subsection, which is
followed by a discussion of their linkage and quality.

The registers

The National Patient Register is a database of hospitalizations and physician
visits in secondary care.23¢ Although it was created in the 1960s, it was initially a
regional register of hospitalizations for somatic conditions around Uppsala. In
the 1970s, it was extended to cover hospitalizations for psychiatric conditions, but
it did not become national until 1987, when all hospitals in Sweden were required
to report somatic and psychiatric hospitalizations to the register. In 2001, it was
further extended to include physician visits in secondary care, to which both
public and private health-care providers must report visits.236 Primary care is not
included in the register, although this addition has been discussed.237

In the National Patient Register, each hospitalization or physician visit is
assigned a primary diagnosis, indicating the main reason for the hospitalization
or visit236,238 The primary diagnosis is typically a medical condition, but it can also
be a provided treatment or a performed examination (e.g., follow-up care).238
Secondary diagnoses can be added to indicate additional conditions, treatments,

25



or examinations.238 Since 1997, diagnoses have been classified according to the
International Classification of Diseases, 10th Revision (ICD-10). Other data
available in the register include the date of the visit or admission and, for
hospitalizations, the discharge date.236

The Prescribed Drug register is a database to which all pharmacies in Sweden are
required to report sold prescription medications.239 The term “prescribed” is
somewhat confusing, because the register records only prescribed medications
that are later collected. The register does not contain information on over-the-
counter drugs or drugs given in health care.239 For each prescription, the available
information includes the collection date, prescribing date, Anatomical
Therapeutic Chemical code, strength, pack size, and quantity purchased.239

The Cause of Death Register contains data on all deaths that occur in Sweden and
among residents of Sweden abroad.240 It was created in 1961, but data from 1952-
1960 were added retrospectively.24°

The Cancer Register was created in 1958. It is a database to which all health care
providers in Sweden are required to report newly diagnosed cases of cancer.24
Although cancer diagnoses are available from the National Patient Register, the
Cancer Register is older and more detailed.

The LISA register contains socioeconomic data (e.g., income, education, and early
retirement) on the Swedish population since 1990.242 Only people aged 15 or older
are included (until 2009, the lower age limit was 16 years).

The Hip Fracture Register is a database of hip fracture patients that was create in
1988 to monitor and improve the quality of hip fracture care in Sweden.243 It
differs from the other registers in that patients can choose not to participate. The
advantage of the Hip Fracture Register over the National Patient Register is that
it contains detailed patient information, including type of surgery, physical
status, and mental status.

Linking the registers

The different registers could be linked because they all store data along with
Personal Identity Numbers. A Personal Identify Number is a 10-digit number
consisting of a person’s date of birth and four extra digits. It is assigned by the
Swedish Tax Agency to every resident of Sweden upon birth or immigration.244
To protect the integrity of the registered persons, we received data files in which
Personal Identity Numbers had been replaced by arbitrary identifiers. These
arbitrary numbers were generated by Statistics Sweden, which sent the list of
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generated numbers and the corresponding Personal Identity Numbers to the
other agencies that provided us with data. The list is deleted by Statistics Sweden
after 3 months.245 This deletion does not mean that the data are anonymous,
because it might still be possible to identify individuals using the large number of
variables.246

The quality of the registers

The quality of a register is determined by the accuracy of its data and the
completeness of its coverage. In a widely cited review of the National Patient
Register, most of the reviewed diagnoses were 85-95% accurate.23¢ Coverage was
lower, especially for conditions that are not always hospitalized (e.g., angina
pectoris or hypertension). The review estimated an accuracy and coverage of at
least 95% for hip fractures. Other types of fractures were not included, but
additional studies have estimated that more than 90% of fracture diagnoses are
accurate, although only 84-87% may be accurate to the fourth ICD-10 character
(that is, for specific fracture sites).247.248 One of the studies estimated that the
coverage of humeral fractures was 98%.248

Only one of the three mentioned validation studies included outpatient care,248
so the quality of outpatient diagnoses are less certain. According to the National
Board of Health and Welfare, 6% of private secondary-care providers fail to
report to the National Patient Register.249 Another limitation is that the
occurrence of vertebral fractures is probably underestimated because these are
often managed in primary care, which is not included in the register.2s5°

To my knowledge, only one previous validation study of the National Patient
Register has been conducted for osteonecrosis diagnoses, and that study was a
published by my research team.25! In that study, one of my colleagues reviewed
30 osteonecrosis diagnoses at Umed University Hospital, Sweden. Of these
diagnoses, 27 (90%) were determined to be correct, 2 (7%) probably correct, and
1(3%) incorrect. A limitation of this analysis was that it was a small convenience
sample from one university hospital.

In sum, the accuracy and completeness National Patient Register has not been
comprehensively reviewed for fracture and osteonecrosis. For osteonecrosis,
there is very little data. However, the available data suggest a high but not perfect
accuracy and coverage for fractures and a high but not perfect accuracy for
osteonecrosis.

To my knowledge, there is no published study of the accuracy and completeness
of the Prescribed Drug Register. However, a report from the National Board of
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Health and Welfare states that the data quality should be high, as pharmacies are
legally required to report sales data, which are submitted automatically and
checked by the Board.252

Similarly, the Cause of Death Register has not to my knowledge been validated in
a published study, but the National Board of Health and Welfare states that it is
complete because all deaths reported to authorities are included.253 Causes of
death are less accurate because determining causes of death is notoriously
difficult.240

The Cancer Register was validated in 1998 (although the study was published in
2009).241 This study estimated a 96% coverage of cancer diagnoses, which was
assessed by comparison with the National Patient Register.

According to Statistics Sweden, the quality of the LISA register is good.254

The quality of the Hip Fracture Register has been examined in a comparison with
the National Patient Register.255 This comparison showed that the coverage of the
Hip Fracture Register increased from 63% in 2008 to 90% in 2014. By 2017, its
coverage had declined to 81%, primarily because five hospitals had withdrawn.
Patients included in the Hip Fracture Register were slightly younger and healthier
than excluded patients were. Admission dates agreed perfectly in 89% of cases,
and 99% were at most a week apart. The authors concluded that the quality of the
register is high.

In sum, the registers have a high quality in general. An important limitation is
that several conditions are underreported in the National Patient Register, which
reduces the ability to control for confounding diseases and to study vertebral
fractures.

Study cohorts

Studies 1, 2, and 4 were based on the cohort of all older adults aged 50 years or
older who were living in Sweden on December 31, 2005. Study 3 was instead
based on the cohort of patients aged 50 years or older who were registered in the
Hip Fracture Register from July 2006 through December 2015. We chose the age
limit of 50 years because this is common in osteoporosis research.9.73 The reason
for this is that many women go through menopause around this age,% which leads
to sharp decline in bone mass, particularly trabecular bone mass, due to a
reduction in estrogen production.8s
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Variables

Exposure

The exposure was bisphosphonate use, which was compared to nonuse.
Bisphosphonate use was defined as having a record of alendronate, risedronate,
or zoledronic acid in the Prescribed Drug Register. The date of treatment
initiation was defined as the date of the earliest record (the earliest collected
prescription).

Previously treated persons were excluded from the studies, which is called a new-
user design.25¢ This design avoids the selection bias that can occur when current
and adherent users are included, as these are typically healthier than non-
adherent patients are. It also avoids adjustment for mediators, that is, variables
affected by the treatment.

It has been recommended that observational studies use a grace period
equivalent to the run-in period in randomized trials.257 In such a design, baseline
is set as a date after treatment initiation, such as 3 months later, to exclude those
who are not adherent. Those who die during the first 3 months can be randomly
assigned to the study groups (adherent or non-adherent).25? We did not use grace
periods because we saw no good reason for including only adherent
bisphosphonate users.

Outcomes

The study outcomes were fracture (in Studies 1 and 2), death (in Study 3), and
non-jaw osteonecrosis (in Study 4). Fractures and osteonecrosis were traced
through the National Patient Register. Deaths were traced through the Cause of
Death Register.

A caveat in tracing fractures and osteonecrosis through the National Patient
Register is that it does not distinguish between new diagnoses and readmissions
or follow-up visits for previous diagnoses. Ignoring this limitation can lead to a
large overestimate in fracture occurrence. For example, Bergdahl and colleagues
showed that it would create a 40% overestimate in inpatient humeral fractures.248

In Study 4, we solved this problem by simply excluding people with a history of
osteonecrosis before baseline. This solution was not appropriate in Studies 1 and
2, where we wanted to include people with a history of fracture. In Study 1, we
therefore required that the fracture was the primary diagnosis, and we ignored
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identical primary diagnoses occurring within 3 months. In Study 2, we included
both primary and secondary diagnoses, to reduce the risk of underestimating
fracture occurrence. However, the use of secondary diagnoses increases the risk
of counting readmissions and follow-up visits.258 Therefore, we used a diagnosis-
free period of 6 rather than 3 months, as this seemed to be the most common in
previous studies.259-261 In Study 2, we also incorporated the fact that small
changes in the diagnosis are not necessarily new events by applying the 6-month
rule to groups of fractures (clavicle, hip, humerus, wrist, pelvis, leg, or vertebrae),
rather than exact diagnoses.258

Although this approach of defining new events by using a fracture-free time
window is common,59-261 it has been shown to be inadequate for fracture
admissions in the National Patient Register. According to one study,258 19% of hip
fracture readmissions occurred 1 year or more after the initial admission. Many
readmissions also had a different diagnosis (35% to the fourth ICD-10 character
and 26% to the third character). As an alternative method, the authors derived a
prediction model consisting of such variables as patient age, diagnosis (to the
fourth ICD-10 character), time between admissions, and type of clinic. The
authors reported that the model had a sensitivity and specificity of 97%. In
hindsight, we should have used this model or a similar one, but we were not aware
of it at the time.

It has been recommended that the outcomes in observational studies be defined
similar to outcomes in a clinical trial, so that results are comparable and of a high
quality.257:262 To ensure a high quality, the study staff should preferably collect
data systematically and without knowledge of the participants’ treatment status,
so that the outcomes are measured the same way in all participants.257 This was
not possible in our register-based studies. This limitation probably made little or
no difference for fractures and deaths, which are generally straightforward, but it
could have made a difference for osteonecrosis.

Confounders

A confounder is a variable that produces confounding. Confounding means that
a difference in disease risk between two groups, say, bisphosphonate users and
nonusers, is not an effect of the medication. Instead, the difference is due to an
underlying difference in risk between treated and untreated people. A confounder
can also produce a similar disease risk in the groups even though the medication
does have an effect.

As potential confounders, we primarily considered age, sex, diagnoses,
medications, and socioeconomic factors (Supplemental Table 5). In Studies 1 and
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2, we selected potential confounders based on common risk factors for fracture.
In Study 3, we selected confounders that were used in previous studies of
bisphosphonates and mortality. In addition, we selected risk factors included in
the popular fracture risk assessment tool FRAX. In Study 4, we included
primarily risk factors for osteonecrosis among those we had identified in a
previous study of ours.25t

Effect modifiers

Effect modifiers are variables that change the effect of a treatment. This concept
should not be confused with a confounder, which masks the treatment effect but
does not change it. In the four studies here, we considered different possible effect
modifiers, including age, sex, glucocorticoid use, previous fracture, previous
fracture site, and type of bisphosphonate.

Matching

All four studies in this dissertation were matched. This means that, for each
bisphosphonate user, we selected one or more nonusers with similar
characteristics in terms of age, sex, diagnoses, medications, and socioeconomics.

The purpose of matching was twofold. First, by selecting similar bisphosphonate
users and nonusers, matching controlled for confounding. The advantage of using
matching to control for confounding over analytic techniques such as regression
is that it is easy to understand, requiring no particular skills in statistics or
mathematics, only the ability to read a comparative table of the study groups’
characteristics.263 Some researchers have suggested that the use of propensity
scores and other sophisticated analyses are important for eliminating
confounding.264 However, others have pointed out that these methods do not
seem to perform better than ordinary regression analysis.265

Second, matching is a way to create clearly distinguishable treatment and control
groups with comparable baseline dates when, as in this case, no person is treated
when entering the study cohort and those who later receive treatment do so at
different times. Therefore, matching can also properly handle pre-treatment
follow-up time in the treatment group. Bias can arise if this time is excluded,
without an equivalent exclusion in the control group, or of it is misclassified as
treated time.266-269

We used two different types of matching. These will be explained next.
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Exact matching

In studies 1 and 4, we used exact matching (a term I have borrowed from
Rosenbaum2¢3). By exact matching, I mean that bisphosphonate users were
matched to 1-3 controls who had identical values on the matching variables. This
approach ensures complete comparability on the matching variables. However, it
also means that it can be impossible to find matches on more than a few variables
(we used three matching variables in Study 1 and five variables in Study 4). This
limitation means that it may be necessary to control for additional confounders
in the analysis, as we did in Studies 1 and 4. The second matching method does
not have this limitation.

Time-dependent, propensity-score matching

In Studies 2 and 3, we used time-dependent propensity score matching.269.270 This
method has two advantages over exact matching. First, this method makes is easy
to match on a large number of variables.27° The reason for this is that the variables
are all combined to a single matching variable, known as the propensity score.
The propensity score is defined as each person’s probability of receiving
treatment based on his or her characteristics. This probability is estimated using
Cox regression with time-varying variables. Since the match is based on the
propensity score only, bisphosphonate users and nonusers will not be matched
exactly. However, the study groups will still be comparable because of the balance
property of the propensity score.2 This remarkable property means that
matching on the propensity score alone will lead to an overall balance in the
confounders between the treatment group and the control group.27°

The second advantage of time-dependent propensity score matching is that it
does not use future data.29 This means that, in contrast to the exact matching
method described above, the study cohort was not divided into bisphosphonate
users and controls based on whether they ever received treatment during the
study period. Instead, matching was done sequentially in pairs,27° starting with
the first person to receive bisphosphonates. This person is matched to the most
similar of the other persons (including those who might later receive treatment)
at the time of his or her treatment initiation. Similarity is assessed by difference
in propensity scores. Next, among the remaining patients, the second to receive
bisphosphonates is matched to the most similar of the still untreated patients or
never treated patient. This process continues until no more matches are possible,
and it makes the study groups comparable at treatment initiation in the treated
group.
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The argument for letting the control group consist of both never-treated and
later-treated patients is that excluding later-treated patients (that is, using data
on their future medication use) means that the control group might consist of
those who never need treatment.269 In other words, the control group might
become healthier than the treatment group. We expected this bias to be low in
Studies 1 and 4, where we used exact matching, because few people received
bisphosphonate treatment, so few of these would have been matched as controls.

Baseline and follow-up

In each of the four studies, baseline was defined as the date of treatment initiation
in the bisphosphonate group and the corresponding date in the control group.
The two groups were then followed up for the study outcomes (fracture, death, or
osteonecrosis).

According to the STROBE reporting guidelines for cohort studies,??! the duration
of follow up should be reported so that readers can get a sense of the how long the
study was. The recommended way to calculate follow-up duration is by taking the
difference between the baseline date and the date of death, outcome occurrence,
or study end date (whichever came first).27t This is how we calculated follow-up
duration in Studies 1 and 4. However, this method has a limitation in that the
study can look short just because the outcome is common and occurs early.
Therefore, I left outcome occurrence out of the calculation of follow-up duration
in Study 2. In Study 3, the definition was not an issue because death was the
outcome.

Statistical analysis

We measured outcome occurrence using incidence rates (the number of persons
with the outcome divided by the total number of person-years of follow-up). The
use of incidence rates rather than risks had two advantages. First, incidence rates
take into account unequal follow-up durations among patients. Second, incidence
rates can easily be calculated for specific periods of follow-up (such as Year 1, Year
2, etc.). This flexibility makes it easy to see trends in outcome occurrence. A
disadvantage of incidence rates is that they are more difficult to interpret than
risks, so in Studies 2-4 we also estimated risks using the Kaplan-Meier method.

It has been recommended that observational studies imitate the intention-to-
treat analysis that is commonly performed in clinical trials.257:262.272 This can be
done by defining treatment as collecting just one prescription and ignoring what
happens after that. In clinical trials, a per-protocol analysis is sometimes
performed instead, and this type of analysis can also be imitated in an
observational study, for example by censoring upon treatment discontinuation in
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the treated and treatment initiation in controls.25” Some researchers advocate a
per-protocol analysis in observational studies because the intention-to-treat
analysis can underestimate the treatment effect while not having the benefit of
randomization.273 Others have said that both analyses can be used, although a
per-protocol analysis may require adjustment for post-baseline variables, which
is more advanced (and beyond my skill).257 We used the intention-to-treat
principle in Studies 1 and 3. In Study 2, controls were censored if they received
treatment. In Study 4, we analyzed the treatment period and the post-treatment
period separately.

Because of varying follow-up times, the associations between bisphosphonate use
and the study outcomes were mainly assessed using hazard ratios, estimated
using Cox regression. In Study 3 however, we used relative risks because these
are easier to interpret. The Cox models were adjusted for confounders in Studies
1 and 4 but not in Studies 2 and 3, where all confounders were used for matching.
When running Cox models, we took into account the matching of the data by
using robust standard errors. An alternative approach would have be to run Cox
models stratified by matched pairs, but a simulation study has shown that robust
standard errors performed better (had a lower variance).274 Effect modification
was tested using treatment-by-effect modifier product terms in the Cox models.
P-values less than 0.05 were considered statistically significant.

We conducted sensitivity analyses in all four studies, as has been recommended
for observational studies.264 One particular type of sensitivity analysis that has
been recommended is to examine the potential influence of unmeasured
confounders.265 I did not conduct this type of sensitivity analysis because it was
beyond my skill.

Ethics

This research was approved by the former Regional Ethical Review Board in
Umea (approval numbers 2013-86-31M, 2013-304-32M, and 2017-100-32M).
This board is now part of the national Swedish Ethical Review Authority, which
replaced all regional ethical review boards in the country in 2019.

Although this project was approved, one ethical issue should be mentioned. This
issue is that the people who were studied did not provide informed consent.
Register-based research is not exempt from the general requirement of obtaining
informed consent, but the Declaration of Helsinki permits research without
consent if collecting it would be impractical or impossible.27s This is arguably the
case in the current dissertation, which involved data on millions of people.
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Research without consent is also permitted by Swedish law if the research
involves negligible risks for participants.276 This is also arguably the case here,
where the research was based entirely on preexisting data. However, there is still
risk that people’s privacy is violated, which is why we received data without
personal identifiers. As previously discussed however, the amount of detail in the
data means that it can be possible to identify individuals. Therefore, we are still
required to handle the data confidentially, which implies that the original data
cannot be made publicly available. The downside of this is that the transparency
of the research is lower than would ideally be the case.
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Results

Study 1: bisphosphonates after a fracture

In Study 1, my coauthors and I examined whether bisphosphonates reduce the
risk of new fracture after a previous fracture in older adults. My role in this first
study was to analyze the data and to draft the manuscript, but I did not conceive
the study, collect the data, or design the study. We proceeded as follows.

We identified every resident of Sweden who was aged 50 years or older on
December 31, 2005. Next, we selected everyone who was diagnosed with a
fracture between 2006 and 2011 and who was not treated with bisphosphonates
at the time, which was defined as not having collected a bisphosphonate
prescription since July 2005. Finally, each patient who received a
bisphosphonate was matched to one, two, or three untreated patients (controls)
on sex and year of birth. The final study cohort consisted of 83,104 matched
patients.

The results of this study were not straightforward, so they require a careful
explanation. The results showed that bisphosphonate use was initially associated
with an increased risk of new fracture, but this association diminished over time;
after 12-18 months, there was no association between bisphosphonate use and
fractures. The initial increase in risk appeared to be explained by the fact that
high-risk patients were more likely to receive treatment, as these also had an
increased risk of sustaining new fracture in the period before starting treatment.

The subsequent decrease in risk can be explained in at least two different ways.
One way is that the decrease was a beneficial treatment effect, where
bisphosphonates gradually eliminated the high risk of fracture seen in treated
patients. This interpretation was our conclusion in the published article.
However, we mention another explanation in the limitations section, namely that
the decrease could be due to a bias known as depletion of susceptibles.277
Depletion of susceptibles means that the association would have diminished over
time because the high-risk patients, who were disproportionally bisphosphonate
users, had already sustained fractures, leaving lower-risk treated patients to be
compared with controls.

Despite the presence of these two contradictory explanations, one in favor of
treatment effect and the other in favor of bias, we concluded that the results were
consistent with a beneficial treatment effect. This conclusion, I must admit, is
unjustified: it is skewed in favor of the most desirable interpretation of the data,
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as we did not explain why the results were more likely to be treatment effects than
biased associations.

Even without bias or confounding, the results would have been difficult to
interpret from a clinical perspective because we did not know whether treatment
decisions were based on the patients’ BMD. If most patients did undergo a BMD
test, then our results would not have answered the main research question, which
was whether bisphosphonates reduce the risk of new fractures in fracture patients
who are not selected based on low BMD. In other words, the lack of data on BMD
was a major limitation, not only in terms being an important confounder but also
in terms of understanding the study cohort.

In summary, the results of this study were ambiguous, in part because of
confounding, in part because we used a biased method to compensate for
confounding. Even so, I made a second attempt to estimate the effects of
bisphosphonates on fractures: Study 2.

Study 2: bisphosphonates during glucocorticoid therapy

Study 2 was an attempt to estimate the effect of bisphosphonates on fractures in
patients taking glucocorticoids. We limited the analysis to alendronate, the most
commonly used bisphosphonate. My role in this study was to design the study,
analyze the data, and draft the manuscript. I did not conceive the study or collect
the data. Because of the difficulties we encountered in Study 1, I set out to make
this study more methodologically rigorous than Study 1.

We started by identifying every resident of Sweden who was aged 50 years or
older on December 31, 2005. We then selected those who had started long-term
glucocorticoid therapy (defined as >3 months with prednisone or equivalent, >2.5
mg/day) during 2006 to 2011. Next, we used time-dependent propensity score
matching to obtain an alendronate group and a control group, matched in pairs
on age, sex, diagnoses, medications, glucocorticoid dose, and prior glucocorticoid
duration. The final study cohort comprised 33,780 bisphosphonate users and
controls, who were followed-up for fractures.

In contrast to Study 1, Study 2 showed that bisphosphonate use was associated
with a lower risk of fracture. This association was similar to the effects seen in
meta-analyses of clinical trials that have been conducted in postmenopausal (that
is, primary) osteoporosis or glucocorticoid-treated patients, although the effects
in glucocorticoid-treated patients were not statistically significant. Therefore, we
concluded that alendronate appears to have comparable effects in
postmenopausal osteoporosis and glucocorticoid-induced osteoporosis.
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Another difference with Study 1, which explains the difference in results, is that
the study groups appeared to be comparable at baseline, as they had an initially
similar risk of fracture. This finding suggests that there was little or no
confounding, perhaps because glucocorticoid-treated patients are more
homogeneous than fracture patients are. However, another analysis suggested
that some amount of confounding was still present in the study, because
bisphosphonate use was associated with increased risk of fracture among
patients who had received bisphosphonates after three or more months of
glucocorticoid therapy. This increased risk suggests that the patients treated after
3 or more months were patients discovered to have, or be at risk of, osteoporosis.

Even so, the overall results still showed that bisphosphonate use was associated
with a lower risk of fracture. The reason for this was the that patients who were
treated with bisphosphonates within the first two months of glucocorticoid
therapy had a lower risk of fracture than controls. It is possible that this result
was also due to confounding but in the opposite direction, where healthier, lower-
risk patients were prescribed bisphosphonates for the prevention of
glucocorticoid-induced osteoporosis. However, such confounding would conflict
with what we learned from Study 1, so a likelier explanation is that
bisphosphonates that were prescribed during the first two months of
glucocorticoid therapy were closer to being randomly assigned (for example,
assigned without the information of a BMD test). Therefore, my overall
assessment is there is reason to believe that the results reflect a true reduction in
fractures. However, this reduction is probably underestimated because of
confounding in later-treated patients.

As this discussion shows, the results are more uncertain than the conclusion of
the original article suggests. Overall, the results do suggest that bisphosphonates
reduce the risk of fractures in glucocorticoid-treated patients, but the magnitude
of the effect is probably confounded by BMD. Furthermore, the similarity with
meta-analyses of clinical trials is not a strong argument for causality because,
although this type of argument is common,278-281 it implies that the quality of
research can be judged by how well it confirms current evidence, which is
obviously wrong. To illustrate how difficult it is to obtain robust evidence of the
effects of bisphosphonates in an observational study, I proceeded by conducting
Study 3.

Study 3: bisphosphonates and mortality

In Study 3, we examined whether confounding explains why numerous
observational studies have shown that bisphosphonate use is associated with
lower mortality. My role in this study to conceive and design the study, analyze
the data, and draft the manuscript. I assisted in data collection.
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As mentioned in the Introduction, the background to the study was that many
observational studies,72-184 but only one clinical trial,’s3 had shown that
bisphosphonate use is associated with lower mortality. Although most of the
authors of these observational studies interpreted the results as evidence of an
effect,172-175.177-184 the authors of one study were more skeptical.'76 These authors
argued that the association may be confounded because their study showed a
lower mortality rate in patients who had received only one prescription for a
bisphosphonate (that is, at most 3 months of treatment), which they argued was
unlikely. I thought that the authors’ conclusion could be made more convincing
if their approach was taken to its logical extreme: examining whether mortality is
lower from the first day of treatment. I decided to examine this in a study of my
own.

To give the observational study an honest chance to produce robust results, I set
out to conduct the most rigorous observational study I could. Therefore, I used
data from the Hip Fracture Register, which contains more patient information
than any other register that our research team uses. Another advantage of
studying a single patient group like hip fracture patients is that homogeneity
reduces confounding.282 To reduce confounding further, I emulated the eligibility
criteria of the one clinical trial that has shown that a bisphosphonate reduced
mortality.’s3 Doing so has been recommended to improve the quality of
observational studies.257:262.278 Emulating the eligibility criteria also reduced the
likelihood that any differences in results would be due to differences in study
population.257:262.278 Ag regards data analysis, I used time-dependent propensity
score matching on age, sex, diagnoses, medication use, type of hip fracture, type
of surgical procedure, and physical status. To verify that the choice of analysis
was unimportant, I also ran a Cox regression on all eligible persons.

The results showed that bisphosphonate use was associated with lower mortality,
and the association was the same regardless of whether regression or matching
was used. Furthermore, a lower mortality rate could be seen from the second day
treatment, which was statistically significant from the second month. We
reasoned that such an early treatment effect is not impossible, but it is unlikely,
so confounding is likely. As previous observational studies also showed early
associations, our results suggest that these results should be interpreted with
caution.

The results also suggest that confounding is not necessarily eliminated even if
advanced statistical methods and thorough study design are used. Although the
results have scientific value by pointing to an uncertainty in the results of
previous studies, they have little clinical relevance because bisphosphonates are
not prescribed to reduce mortality.
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There is a discussion in the epidemiology literature that observational studies of
adverse effects are less likely to be confounded than studies beneficial treatment
effects, such as mortality.283-286 Consistent with this discussion, an adverse effect
of bisphosphonates was the topic of the final study in this dissertation: Study 4.

Study 4: bisphosphonates and osteonecrosis

In Study 4, we examined whether bisphosphonates are associated with an
increased risk of non-jaw osteonecrosis. We also included another type of bone-
strengthening medication, denosumab, but I will leave denosumab out of most of
the discussion here because it is beyond the scope of this dissertation and because
only 3% of the treatment group used it. In contrast to the other studies in this
dissertation, my role was limited to reviewing the literature and drafting the
Introduction.

The study was designed as follows. Just as in Studies 1 and 2, we identified every
resident of Sweden who was 50 years of age or older on December 31, 2005. Using
exact matching, we then matched everyone who received a bisphosphonate
during 2006-2017 to an untreated control on sex, year of birth, Swedish
background (defined as being born in Sweden or having two parents born in
Sweden), history of hip fracture, and (if applicable) type of hip fracture and type
of surgery. Cox regression was used to control for additional confounders, which
were in part selected based on the results of a previous study of ours, which
examined risk factors for osteonecrosis.25t We excluded those who had been
diagnosed with osteonecrosis or who had received a bisphosphonate before
baseline (the start of bisphosphonate treatment and the corresponding date in
controls).

The results showed that osteoporosis treatment was associated with an increased
risk of non-jaw osteonecrosis. In the Discussion section of the article, we mention
additional results that support a cause-and-effect explanation: the highest risk
was seen in patients receiving the most potent medications (denosumab or
zoledronic acid), the risk decreased after treatment was stopped, and the analysis
included many confounders. Nevertheless, we conclude the article by stating that
the results could not be evaluated for causality, as unmeasured confounding was
still a possibility.

The cautiousness of this conclusion may be scientifically wise, but it ignores the
clinically relevant question: Should we be concerned? Any answer to this question
is to some degree subjective, but I believe several factors should mitigate
concerns.

40



First, although osteoporosis is not an established risk factor for osteonecrosis,?2>
there is evidence that it is a risk factor.225:287.288 If so, then osteoporosis would be
a confounder that would explain not only the overall association with
osteonecrosis but also why the most potent medications were associated with a
highest fracture risk, as these might be given to those with the severest
osteoporosis.

Second, although a decrease in risk was seen after treatment discontinuation,
such a decrease could also be seen during treatment. The latter is more difficult
to see because it is not presented in the same type of figure, but it is noticeable
upon a close look at Figure 1, which shows that the slope of the risk curve
decreases. This makes the apparent decrease in risk after bisphosphonate
treatment less convincing as an effect of discontinuation.

Third, whereas osteonecrosis of the jaw was discovered in case reports, there are
few case reports of non-jaw osteonecrosis.289-29t1 Nevertheless, non-jaw
osteonecrosis is much more common, as we explained in the original publication,
so an increased risk might not be noticeable to clinicians.

Fourth, although jaw osteonecrosis and non-jaw osteonecrosis may sound the
same, they may in fact be two different conditions. For example, bacterial
infection is common in osteonecrosis of the jaw but not in non-jaw
osteonecrosis.220

Fifth, bisphosphonates have actually been used to treat non-jaw osteonecrosis. In
these cases, treatment is given to reduce pain and to prevent progression,
although evidence of progression prevention is scarce.292293 This make it less
plausible that osteonecrosis is an adverse effect.

For these reasons, I conclude that the results of Study 4 are ambiguous. It is
possible that bisphosphonates increase the risk of osteonecrosis, but the risk of
confounding is high. Therefore, I believe there is little reason for concern at this
time.
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Discussion

As the previous chapter explained, the four studies showed that bisphosphonate
use was associated with

1. an initially increased risk of new fracture after a previous fracture, which
diminished over time. The initial increase appeared to be due to high-risk
patients’ receiving treatment;

2. alower risk of fracture during glucocorticoid therapy;

3. alower mortality rate within days of bisphosphonate treatment;

4. anincreased risk of non-jaw osteonecrosis.

As the previous chapter also explained, most of these results are difficult to
interpret as true benefits or harms of bisphosphonates, primarily because of the
high risk of confounding by BMD and life expectancy. The exception to this is
Study 2, in which there is reasonable chance that bisphosphonates reduced the
risk of fractures among glucocorticoid-treated patients.

In Study 1, confounding was apparent in the data because the initially increased
risk of fracture was also observed before treatment initiation. We tried to solve
this problem by showing that the increased risk diminishes over time, which we
concluded in the published article is consistent with a gradual treatment effect.
However, previous research has explained that this type of analysis is biased
because an increased risk can diminish because high-risk patients, who are
disproportionally found in the treatment group, have already sustained fractures,
leaving lower-risk treated patients to be compared to controls.277 In other words,
the problem of confounding in Study 1 seems to have been replaced with a
problem of bias.

In Study 2, confounding was not as apparent as in Study 1. However, there was
still evidence of confounding because bisphosphonate-treated patients had an
increased risk of fracture if they had received their treatment after three or more
months of glucocorticoid therapy. The likeliest explanation for this finding is that
treatment was prescribed to patients who were discovered to have, or be at risk
of, osteoporosis (that is, confounding by BMD). In contrast, bisphosphonate
treatment was associated with a lower risk of fracture in patients who received it
within two months of glucocorticoid therapy, perhaps because treatment was
initially closer to being randomly assigned. This lower risk result is also more
difficult to explain by confounding, because it is unlikely that low-risk patients
were more often treated. Due to the apparent confounding in later-treated
patients, the overall results were probably an underestimated effect of
bisphosphonate treatment on fractures.
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In Study 3, the lower mortality rate observed within days of treatment initiation
is consistent with confounding. Although such an early treatment effect cannot
be ruled out, the consistency with confounding implies that the results this study,
as well as those of similar observational studies, should be interpreted with
caution.

In Study 4, confounding was again likely because BMD was missing. Although
some of the results do support a causal link between bisphosphonates and
osteonecrosis, there are alternative explanations for these results, which make it
less plausible that non-jaw osteonecrosis is an adverse effect of bisphosphonate
treatment.

Confounding is always a theoretical possibility in an observational study, so a
natural question to ask is whether the risk of confounding inevitably made the
results ambiguous or whether it could have been minimized by study design or
analysis. This matter will be discussed in the next few sections. After that, I will
discuss the scientific and clinical implications of this dissertation. The chapter
ends with recommendations for future research.

Could confounding have been prevented?

The high risk of confounding is not surprising if one considers the epidemiology
literature. According to this literature, studies such as Studies 1 and 2, which
examine the intended beneficial effects of a treatment (fracture reduction), are
most prone to confounding.283-286 The reason for this is that patients receive
treatment based on their risk of developing the outcome, which creates
confounding when they are compared to untreated patients on this outcome.
Furthermore, since disease risk is assessed by the partially subjective judgements
of physicians, confounding can be difficult or even impossible to measure and
control. Therefore, a standard epidemiology textbook concludes that, “Only
infrequently can nonrandomized studies provide a valid estimate of the efficacy
of a treatment” (p. 650).283 This conclusion is not new. Back in 1979, a researcher
stated that, “The non-experimental methods used in epidemiologic research are
of little value in efficacy research”.284 Others have made similar statements.285.286

Studies such as Study 3, which examine the unintended beneficial effects of
treatment (mortality reduction) may be less prone to confounding. This is
because physicians are less likely to be influenced by a patient’s predisposition
for the outcome when deciding whether to treat the patient.284 However, this
assumption is controversial because some researchers argue that unintended
beneficial effects are biologically unlikely.28¢ In any case, the argument is
questionable in Study 3 because there is evidence that a shorter life expectancy,
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in terms of older age and poorer general health, makes physicians’ less likely to
prescribe bisphosphonates.19:122 Therefore, confounding is probable in Study 3.

Studies such as Study 4, which examine an unexpected harmful effect of a
treatment (osteonecrosis), are considered least prone to confounding.283-286 The
reasoning is this: Since the effect is unexpected, physicians are unlikely to be
influenced by a patient’s predisposition for it when deciding whether to treat the
patient. Although osteonecrosis is not a well-established adverse effect of
bisphosphonates,222 there is evidence that osteoporosis is associated with an
increased risk of developing osteonecrosis.225287.288 If so, then osteonecrosis
would be associated with bisphosphonates even though it is an unexpected event.
Therefore, confounding is still likely in Study 4.

This discussion suggests that confounding would have been difficult or even
impossible to prevent, regardless of the study design or analysis. However, it is
important to consider whether the cited literature is stating a sound scientific
principle or whether it is simply repeating a scientific dogma. Indeed, some
literature is more optimistic about observational studies.257:262,264,272,278-281,294-296
Although this literature does not dispute the importance of confounder control,
it places less emphasis on it, arguing that (1) well-designed observational studies
can yield robust results, which are similar to those of randomized trials and that
(2) randomized trials have limitations that observational studies do not. These
arguments have weaknesses, however, which will be examined in the next two
sections.

Was poor study design the problem?

Many recommendations have been proposed to improve the quality of
observational studies - to make them well-designed. Among these
recommendations are to exclude previously-treated persons and include only the
newly treated (a new-user design),256 to correctly handle pre-treatment follow-
up time,266-268 to imitate the eligibility criteria of a randomized trial,257:262,278 to
control for confounders,257:262,264,265,278 to run an intention-to-treat analysis,262.278
to mimic the outcome of a randomized trial,257:262 to use a grace period (similar to
a run-in period in a randomized trial),257 and to conduct sensitivity analyses.264.265
Most of these recommendations have been summarized into the broader
recommendation of designing observational studies to imitate randomized trials
(real or hypothetical ones).257:262,278,297

Many of these recommendations were also incorporated into the four studies
included in this dissertation (see the Methods section). Study 3 was specifically
designed to imitate a real trial.’s3 However, studies that lack data on important
confounders are not considered by this literature to be well-designed, as the
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above-listed methods only provide valid results if data on important confounders
are available.257.297 Since at least one known and important confounder was
missing in the studies here, namely BMD, these studies do not appear to meet the
criteria of being well-designed.

Were previous observational studies well-designed?

My studies are not the only ones that fail to meet the criteria for well-designed
observational studies. Out of 44 previous observational studies of
bisphosphonates and fractures that I am aware of,172.176.177,259,2908-338 only 13 had
data on the essential confounder of BMD.177:321-325,327,329,330,332 What is more, these
13 studies all had substantial limitations: examining the effect of a
recommendation of bisphosphonate treatment, but lacking data on the number
of patients who actually started treatment (as well as having a surprisingly early
association of bisphosphonate use with lower fracture risk);32! being too small to
estimate effects on fractures;177:322:323.330 not having a new-user design;332 having
a high risk of residual confounding due to categorization of BMD;324 or having a
lot of missing data on BMD (63% or 38% of the cohorts).325:331

Although two of the studies did not have the mentioned limitations, these had
other limitations.327.329 The first showed contradictory and surprising results: a
lower vertebral fracture risk with bisphosphonate use without adjusting for
confounders, despite a lower baseline spine BMD, a higher mean age, and a
greater reduction in spine BMD in the treatment group.32” The second study,
which compared bisphosphonates to raloxifene (another bone-strengthening
medication), was poorly reported, as the number of fractures was not stated (only
the percent with fracture was stated) and the confounders that were adjusted for
(if any) were unspecified.329 In other words, these observational studies lacked
or had inadequate data on BMD, were too small, or had other methodological or
reporting problems.

Previous studies of non-jaw osteonecrosis in bisphosphonates have also lacked
data on BMD.224:225 As mentioned for Study 3, it is difficult to measure physicians’
assessments of patients’ life expectancy when deciding whether or not to
prescribe a medication, which means that it is difficult to determine if a specific
variable was missing in these studies.

In summary, both the studies in this thesis and previous observational studies fail
to meet the criteria of well-designed observational studies. The main reasons are
that the key confounder of BMD is either missing or poorly measured or that the
studies have other substantial limitations in design or reporting. This means that
even though there is disagreement about the potential for well-designed
observational studies to produce robust results, well-designed studies of
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bisphosphonates and fractures, mortality, and non-jaw osteonecrosis do not
seem to have been conducted.

Do the limitations of randomized trials justify
observational studies?

Despite the limitations of observational studies, some researchers argue that
these are justified on the grounds that randomized trials also have
limitations.257:262,278,280 The limitations of randomized trials are well known: their
high costs, ethical problems (blinding, randomization, and use of placebo), and
logistical difficulties (recruiting and retaining participants) can make them
infeasible. Even when they are feasible, these limitations mean that trials can be
small, short, and selective in participant recruitment.262284 Consequently, trials
might miss rare or delayed adverse effects, examine surrogate outcomes instead
of clinically relevant outcomes, and not be generalizable to the average patient
seen clinical practice.262284 For these reasons, it is often said that trials do not
provide real-world evidence.281.294.339

These limitations have led to the suggestion that observational studies be
conducted to complement randomized trials.257,262.278:280 This has also been
suggested in the research on bisphosphonates.281.294.312 Indeed, it is easier to
conduct large and long observational studies in representative populations,
especially when using register data. However, there are two problems with the
argument.

The first problem is a logical one: the fact that randomized trials have limitations
does not mean that observational studies are a viable alternative, because
observational studies have their own limitations, so they might create more
problems than they solve (instead of providing “real-world evidence”, they might
provide “no-world evidence”). The second problem is an empirical one: several of
the limitations of randomized trials appear to be overestimated when it comes to
trials of bisphosphonates, as my colleagues and I have previously argued.34°

One limitation that appears to be overestimated is that many trials of
bisphosphonates have been large and long enough to study clinically relevant
outcomes, that is, fractures (Supplemental Tables 1-3). Nevertheless, plenty of
trials of bisphosphonates have used the surrogate outcome of BMD. These trials
include the extensions of the original trials, where follow-up was extended to up
to 6 or 10 years,214-216 and trials conducted in certain groups. For example, the 4
trials that have been conducted specifically in men have used BMD or
morphometric vertebral fractures, but not clinical fractures, as the primary
endpoint,162190-192 although one still detected significant a reduction in non-
vertebral fractures.’9t The same goes for glucocorticoid-treated patients, where
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all trials had BMD as the primary endpoint and no study showed a significant
reduction in clinical fractures.194-204 However, due to the problems of
observational studies mentioned above, it might be safer to judge the effects of
bisphosphonates on BMD in clinical trials, where at least these effects are certain
and where the effects on fractures have been shown in other patient groups,
instead of relying on the uncertain results of observational studies.

A limitation that is not overestimated is that clinical trials missed two rare and
long-term side effects of bisphosphonates, namely osteonecrosis of the jaw and
atypical femur fractures. However, observational studies also missed these
effects. The adverse effects were instead detected through case series.209.226 As my
colleagues and I have previously argued,34° what stood out about these adverse
effects is that they are otherwise very rare, which raised suspicions of
causality.211228 Tt is difficult to see how these very specific conditions could have
been detected in observational studies, especially when these conditions did not
have ICD-10 codes at the time (atypical femur fractures still do not have an ICD-
10 code; osteonecrosis of the jaw is now included in the broader category of
inflammatory conditions of the jaw, K10.2).341

Another limitation that may be overestimated is the problem of non-
representative populations. Non-representative populations can cause
generalizability problems because the effect of the medication might change with
changes in patient characteristics, such as disease severity, comorbidity, and
comedication, or because adherence is often poorer in clinical practice.284296
Indeed, studies have shown that many, or even most, osteoporosis patients would
not have been eligible for the trials, primarily because they are men, are too young
or too old, have comorbidities (e.g., cancer or gastrointestinal disease), or use
other medications (e.g., glucocorticoids).339:342

This selectivity in trials makes it difficult to test empirically whether the trials of
bisphosphonates are misleading because of unrepresentative populations.
However, as my colleagues and I have previously pointed out,34° large trials of
zoledronic acid have been conducted in more diverse populations than other
trials bisphosphonates have, and these have shown quite similar reductions in
clinical fractures: 27% in women with osteoporosis or osteopenia,®3 33% in
women with osteoporosis,’! 35% in men and women with a previous hip
fracture,53 and 43% in men with osteoporosis (this trial was smaller than the
others).162 This comparison is far from ideal because the trials had different
designs and because the results are prone to random fluctuation. However, there
is at least no signal that treatment effects vary substantially. It should also be
recognized that representability can even be harmful in observational studies
because it increases heterogeneity, which increases the risk of confounding.282
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In clinical practice, many, or even most, patients discontinue bisphosphonate
treatment prematurely.343:344  This goes for both oral and intravenous
bisphosphonates.343.3¢4 However, the argument that this fact calls for
observational studies of real-world treatment effects is questionable because it
mixes of two different study questions (“Does the medication work?” and “Do
patients take the medication?”). This mixing means that the results will be
uninterpretable if no association is detected (does the medication not work or are
patients not taking it?). To answer the question of whether lower adherence
lowers the effect, a separate study should be conducted comparing a lower to a
high dose or a shorter to a longer duration. After all, a drug that is not taken
should not be expected to work.

In summary, the argument that observational studies of treatment effects are
needed to complement randomized trials is questionable both logically and
empirically. From a logical perfective, the argument is flawed because simply
listing the limitations of both study types without weighing their relevance is
insufficient. From an empirical perspective, several of the limitations also appear
to be overestimated in research on bisphosphonates.

What do observational studies contribute?

As the above discussion has argued, observational studies have not provided
robust evidence of the effects of bisphosphonates on fractures, mortality, or non-
jaw osteonecrosis. In addition, they are not sufficiently justified by the limitations
of randomized trials. This does not mean that observational studies contribute
nothing to our knowledge of bisphosphonates. On the contrary, trials cannot or
should not be conducted for some research questions, and in other situations,
they can complement them. Here are a few examples.

Observational studies have been useful for determining how common suspected
adverse effects are. For example, observational studies have often,232-235 but not
always,235 shown a strong association between bisphosphonates and atypical
femoral fractures, which increases with the duration of treatment. They have also
shown that atypical femoral fracture are rare, with estimates such as 0.2, 1.7, and
5.5 cases per 10,000 treated patients per year, as compared with 0.1 in
controls.232-235 Some of the results even support causality. For example, patients
who sustain atypical femoral fractures do not seem to have worse BMD or be in
poorer general health,232-235 and bisphosphonates are much more strongly
associated with atypical femoral fractures than other femoral shaft or
subtrochanteric fractures.234 Therefore, it is difficult to think of another
explanation. Even if all or part of the association is confounded, the studies are
useful because they tell us that atypical femoral fractures are rare.
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Similarly, observational studies of osteonecrosis of the jaw have shown that most
cases have been treated with intravenous bisphosphonates for cancer, not for
osteoporosis.345-350  Furthermore, although the association is strong,
osteonecrosis is rare,349-352 occurring in an estimated 1 in 100,000 to 1 in 10,000
treated patients per year.2°8 These studies are limited in that few studies included
a control group.347:351 Another limitation is that the studies used data from health
care instead of dental care,345-348.350 which could lead to an underestimation of
the number of cases.347

Despite the limitations, the fundamental difference between these studies and the
ones that are part of this dissertation is that the former are useful even if the
results are confounded, because they estimate an upper limit for the occurrence
of atypical femoral fractures and osteonecrosis of the jaw. As mentioned, they also
provide stronger evidence of causality because plausible alternative explanations
are harder to find.

For these types of research questions, which concern adverse effects,
observational studies may be useful but still suboptimal from a scientific point of
view. For other research questions, observational studies can be more
appropriate or even the only appropriate choice. For example, only observational
studies have told us that 2-3 fractures occur per 100 adults over the age of 50 in
some communities, 2572 that most of these people do not have osteoporosis,8-60.61
that osteoporosis is undertreated,t5117.119.120 and that many bisphosphonate-
treated patients discontinue their treatment prematurely.343:344 In each of these
examples, observational studies are more appropriate than randomized trials
because the objectives are descriptive rather than causal, so the important feature
of the studies is representability, not confounder control.

Clinical and scientific implications

There are several scientific implications of the results. First, most of the results
should not be interpreted as evidence of the effects of bisphosphonates, because
such interpretations are no more likely to be true than to be wrong. The exception
is the results of Study 2, where there is a reasonable chance that bisphosphonates
reduced the risk of fractures during glucocorticoid therapy. Even so, none of the
four studies meet the requirements to be considered well-designed, because the
essential confounder of BMD is missing.

Second, it can be discussed whether observational studies of the effects of
bisphosphonates on fractures, mortality, and osteonecrosis may need to be
conducted more judiciously (or not conducted at all). It seem clear, however, that
if similar observational studies are conducted in the future, their quality needs to
be improved. In particular, observational studies of the effects of

49



bisphosphonates on fractures or non-jaw osteonecrosis should start
incorporating data on BMD, and they should follow generally accepted principles
for design (e.g., a new-user design), unless there are good arguments against
doing so. For studies of mortality, it is more difficult to give recommendations
because physician-judged life expectancy is difficult to measure. Therefore, such
studies should probably not be conducted.

Third, this research points to a need for a more balanced reporting of
observational studies because, with the exception of Study 3, the conclusions in
the original publications differ from my conclusions here. In Studies 1 and 2, we
hinted that the results were causal, although we did not state this directly. In
Study 4, we drew no conclusion at all, although the abstract did hint that
bisphosphonates might increase the risk of osteonecrosis. Although the
limitations sections of the articles mentioned the alternative explanations
presented here, the conclusions in the original publications largely ignored these
limitations, instead being skewed in favor of causality. This problem is phrased
as follows by the CONSORT guidelines for reporting the results of clinical trials:
“The discussion sections of scientific reports are often filled with rhetoric
supporting the authors’ findings... and provide little measured argument of the
pros and cons of the study and its results” (my italics).

Since most of the results are not scientifically robust, they have few clinical
implications. Nevertheless, they suggest that bisphosphonates reduce the risk of
fractures in glucocorticoid-treated patients. In addition, health care professionals
should not expect that bisphosphonates reduce mortality based on the results of
observational studies.

Future research

Since this dissertation did not clarify the potential effects of bisphosphonates on
fractures after a previous fracture or the potential effects of bisphosphonates on
mortality or non-jaw osteonecrosis, further research is needed to answer these
questions. In an attempt to do so, my research team launched a clinical trial in
February of 2022. In this trial, the main research question is the same as in Study
1 of this dissertation: "Do bisphosphonates reduce the risk of new fractures in
older adults who have a history of fracture?” The full study protocol can be found
in Appendix 2.

In brief, the trial is multicenter, randomized, and double blind. It is designed to
recruit 2900 older adults across Sweden who sustained a non-hip non-vertebral
fragility fracture in the past 2 years and who were 65 years of age or older at the
time. Participants are randomized to receive two infusions of zoledronic acid (5
mg) or placebo (normal saline), one at baseline and one at two years. Each
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participant will be followed-up by study staff for four years and followed-up
through registers for 10 years. The primary outcome is new fracture. Mortality
and non-jaw osteonecrosis are secondary outcomes. Glucocorticoid-treated
patients are excluded for ethical reasons (they have a strong indication for
bisphosphonate treatment).

There is no guarantee that this trial will be completed successfully or show clear
evidence of benefits and harms (or clear evidence of a lack of benefits and harms).
The possible pitfalls include logistical problems, such as not recruiting the
required number of participants, and scientific problems, such as unexpected
statistical uncertainty. Due to its thorough design however, it should have a good
chance to advance current knowledge of the benefits and harms of
bisphosphonates.

51



Acknowledgements

I want to thank my colleagues, both current and previous, at Livsmedicin and
Beteendemedicin for their contributions to my research, education, and work
environment. A particular thank you goes out to Anna Nordstrom and Peter
Nordstrém, who recruited me, funded me, supervised me, and believed in me. I
also want to thank Miia Kivipelto for being my co-supervisor, Hugo Lovheim for
being my examiner, and my family for their support.

52



References

10

11

Wu AM, Bisignano C, James SL et al. Global, regional, and national
burden of bone fractures in 204 countries and territories, 1990—2019: a
systematic analysis from the Global Burden of Disease Study 2019. Lancet
Heal Longev 2021;2:e580—€592.

Pasco JA, Lane SE, Brennan-Olsen SL et al. The epidemiology of incident
fracture from cradle to senescence. Calcif Tissue Int 2015;97:568—576.

Kanis JA, Odén A, McCloskey E V, Johansson H, Wahl DA, Cooper C. A
systematic review of hip fracture incidence and probability of fracture
worldwide. Osteoporos Int 2012;23:2239—2256.

Johnell O, Borgstrom F, Jonsson B, Kanis J. Latitude, socioeconomic
prosperity, mobile phones and hip fracture risk. Osteoporos Int

2007;18:333-337.

Rosengren BE, Karlsson M, Petersson I, Englund M. The 21st-century
landscape of adult fractures: cohort study of a complete adult regional
population. J Bone Miner Res 2015;30:535—542.

Statistikdatabas  for  diagnoser.  Stockholm: Socialstyrelsen,
https://www.socialstyrelsen.se/statistik-och-
data/statistik/statistikdatabasen/. Accessed 6 Aug 2021.

Sanders KM, Pasco JA, Ugoni AM et al. The exclusion of high trauma
fractures may underestimate the prevalence of bone fragility fractures in
the community: the Geelong Osteoporosis Study. J Bone Miner Res
1998;13:1337-1342.

Mackey DC, Lui LY, Cawthon PM et al. High-trauma fractures and low
bone mineral density in older women and men. JAMA 2007;298:2381—
2388.

Hayes WC, Myers ER. Biomechanics of Fractures. In: Riggs BL, Melton
III JL, eds. Osteoporosis: Etiology, Diagnosis, and Management. 2nd ed.
Philadelphia, PA: Lippincott-Raven, 1995.

Assessment of fracture risk and its application to screening for
postmenopausal osteoporosis. Geneva: World Health Organization, 1994.

Hernlund E, Svedbom A, Ivergird M et al. Osteoporosis in the European
Union: medical management, epidemiology and economic burden: a
report prepared in collaboration with the International Osteoporosis
Foundation (IOF) and the European Federation of Pharmaceutical
Industry Associations (EFPIA). Arch Osteoporos 2013;8:136.

53



12

13

14

15

16

17

18

19

20

21

22

23

Burge R, Dawson-Hughes B, Solomon DH, Wong JB, King A, Tosteson A.
Incidence and economic burden of osteoporosis-related fractures in the
United States, 2005—2025. J Bone Miner Res 2007;22:465—475.

Gullberg B, Johnell O, Kanis JA. World-wide projections for hip fracture.
Osteoporos Int 1997;7:407—413.

Meyer AC, Ek S, Drefahl S, Ahlbom A, Hedstrom M, Modig K. Trends in
hip fracture incidence, recurrence, and survival by education and
comorbidity: a Swedish register-based study. Epidemiology
2021;32:425-433.

Lewiecki EM, Wright NC, Curtis JR et al. Hip fracture trends in the United
States, 2002 to 2015. Osteoporos Int 2018;29:717—-722.

Garofoli R, Maravic M, Ostertag A, Cohen-Solal M. Secular trends of hip
fractures in France: impact of changing characteristics of the background
population. Osteoporos Int 2019;30:355—362.

Kannus P, Niemi S, Parkkari J, Sievinen H. Continuously declining
incidence of hip fracture in Finland: Analysis of nationwide database in
1970—2016. Arch Gerontol Geriatr 2018;77:64—67.

Pueyo-Sanchez MJ, Larrosa M, Suris X et al. Secular trend in the incidence
of hip fracture in Catalonia, Spain, 2003-2014. Age Ageing 2017;46:324—
328.

Abtahi S, Driessen JHM, Vestergaard P et al. Secular trends in major
osteoporotic fractures among 50+ adults in Denmark between 1995 and
2010. Osteoporos Int 2019;30:2217—2223.

Saad RK, Harb H, Bou-Orm IR, Ammar W, El-Hajj Fuleihan G. Secular
trends of hip fractures in Lebanon, 2006 to 2017: implications for clinical
practice and public health policy in the Middle East region. J Bone Miner
Res 2020;35:71—80.

van der Velde RY, Wyers CE, Curtis EM et al. Secular trends in fracture
incidence in the UK between 1990 and 2012. Osteoporos Int
2016;27:3197—3206.

Amin S, Achenbach SJ, Atkinson EJ, Khosla S, Melton LJ. Trends in
fracture incidence: a population-based study over 20 years. J Bone Miner
Res 2014;29:581-589.

Nordstrém P, Gustafson Y, Michaélsson K, Nordstrom A. Length of

hospital stay after hip fracture and short term risk of death after
discharge: a total cohort study in Sweden. BMJ 2015;350:h696.

54



24

25

26

27

28

29

30

31

32

33

34

35

36

Magaziner J, Hawkes W, Hebel JR et al. Recovery from hip fracture in
eight areas of function. J Gerontol 2000;55:M498—M507.

Keene GS, Parker MJ, Pryor GA. Mortality and morbidity after hip
fractures. BMJ 1993;307:1248-1250.

Pasco JA, Sanders KM, Hoekstra FM, Henry MJ, Nicholson GC, Kotowicz
MA. The human cost of fracture. Osteoporos Int 2005;16:2046—2052.

Suzuki N, Ogikubo O, Hansson T. The course of the acute vertebral body
fragility fracture: its effect on pain, disability and quality of life during 12
months. Eur Spine J 2008;17:1380-1390.

Klazen CAH, Verhaar HJJ, Lohle PNM et al. Clinical course of pain in
acute osteoporotic vertebral compression fractures. J Vasc Interv Radiol
2010;21:1405-1400.

Schneider DL, Miihlen D Von, Barrett-connor E, Sartoris DJ. Kyphosis
does not equal vertebral fractures: the Rancho Bernardo study. J
Rheumatol 2004;31:747-752.

Nevitt MC, Ettinger B, Black DM et al. The association of radiographically
detected vertebral fractures with back pain and function: a prospective
study. Ann Intern Med 1998;128:793—800.

Edwards BJ, Song J, Dunlop DD, Fink HA, Cauley JA. Functional decline
after incident wrist fractures - Study of Osteoporotic Fractures:
prospective cohort study. BMJ 2010;341:¢3324.

Abrahamsen B, Van Staa T, Ariely R, Olson M, Cooper C. Excess mortality
following hip fracture: a systematic epidemiological review. Osteoporos
Int 2009;20:1633—1650.

Johnell O, Kanis JA, Odén A et al. Mortality after osteoporotic fractures.
Osteoporos Int 2004;15:38—42.

Cooper C. Epidemiology and public health impact of osteoporosis.
Baillieres Clin Rheumatol 1993;7:459—477.

Melton LJ, Achenbach SJ, Atkinson EJ, Therneau TM, Amin S. Long-term
mortality following fractures at different skeletal sites: a population-based
cohort study. Osteoporos Int 2013;24:1689—-1696.

Kado DM, Duong T, Stone KL et al. Incident vertebral fractures and

mortality in older women: a prospective study. Osteoporos Int
2003;14:589-594.

55



37

38

39

40

41

42

43

44

45

46

47

48

49

Bliuc D, Nguyen ND, Milch VE, Nguyen TV, Eisman JA, Center JR.
Mortality risk associated with low-trauma osteoporotic fracture and
subsequent fracture in men and women. JAMA 2009;301:513—521.

Johnell O, Kanis JA, Odén A et al. Fracture risk following an osteoporotic
fracture. Osteoporos Int 2004;15:175—179.

Cooper C, Atkinson EJ, Jacobsen SJ, O’fallon WM, Melton LJ. Population-
based study of survival after osteoporotic fractures. Am J Epidemiol
1993;137:1001-1005.

Van Staa TP, Dennison EM, Leufkens HGM, Cooper C. Epidemiology of
fractures in England and Wales. Bone 2001;29:517—522.

Kanis JA, Oden A, Johnell O, De Laet C, Jonsson B, Oglesby AK. The
components of excess mortality after hip fracture. Bone 2003;32:468—

473-

Kanis JA, Oden A, Johnell O, De Laet C, Jonsson B. Excess mortality after
hospitalisation for vertebral fracture. Osteoporos Int 2004;15:108—112.

Wehren LE, Hawkes WG, Orwig DL, Hebel JR, Zimmerman SI, Magaziner
J. Gender differences in mortality after hip fracture: the role of infection.
J Bone Miner Res 2003;18:2231—2237.

Bone health and osteoporosis: a report of the Surgeon General. Rockville,
MD: US Department of Health and Human Services, Office of the Surgeon
General, 2004.

Statistikdatabas  for  diagnoser.  Stockholm: Socialstyrelsen,
https://www.socialstyrelsen.se/statistik-och-data/statistik/
statistikdatabasen/. Accessed 25 Apr 2022.

Singer A, Exuzides A, Spangler L et al. Burden of illness for osteoporotic
fractures compared with other serious diseases among postmenopausal
women in the United States. Mayo Clin Proc 2015;90:53—62.

Borgstrom F, Karlsson L, Ortséter G et al. Fragility fractures in Europe:
burden, management and opportunities. Arch Osteoporos 2020;15:59.

Siris ES, Chen YT, Abbott TA et al. Bone mineral density thresholds for
pharmacological intervention to prevent fractures. Arch Intern Med
2004;164:1108—-1112.

Marshall D, Johnell O, Wedel H. Meta-analysis of how well measures of

bone mineral density predict occurrence of osteoporotic fractures. Br Med
J 1996;312:1254—-12509.

56



50

51

52

53

54

55

56

57

58

59

60

61

62

Johnell O, Kanis JA, Oden A et al. Predictive value of BMD for hip and
other fractures. J Bone Miner Res 2005;20:1185-1194.

Kanis JA, McCloskey E V., Johansson H, Oden A, Melton III LJ, Khaltaev
N. A reference standard for the description of osteoporosis. Bone

2008;42:467—-475.

Looker AC, Wahner HW, Dunn WL et al. Updated data on proximal femur
bone mineral levels of US adults. Osteoporos Int 1998;8:468—489.

Consensus development conference: prophylaxis and treatment of
osteoporosis. Am J Med 1991;90:107—110.

Compston J. Bone quality: what is it and how is it measured? Arq Bras
Endocrinol Metab 2006;50:579—585.

Melton III JL. Who has osteoporosis? A conflict between clinical and
public health perspectives. J Bone Miner Res 2000;15:2309—2314.

Shin CS, Choi HJ, Kim MJ et al. Prevalence and risk factors of
osteoporosis in Korea: a community-based cohort study with lumbar
spine and hip bone mineral density. Bone 2010;47:378—387.

Trajanoska K, Schoufour JD, de Jonge EAL et al. Fracture incidence and
secular trends between 1989 and 2013 in a population based cohort: the
Rotterdam Study. Bone 2018;114:116—124.

Emaus N, Omsland TK, Ahmed LA, Grimnes G, Sneve M, Berntsen GK.
Bone mineral density at the hip in Norwegian women and men -
prevalence of osteoporosis depends on chosen references: the Tromse
Study. Eur J Epidemiol 2009;24:321—328.

Mai HT, Tran TS, Ho-Le TP, Center JR, Eisman JA, Nguyen TV. Two-
thirds of all fractures are not attributable to osteoporosis and advancing
age: implications for fracture prevention. J Clin Endocrinol Metab

2019;104:3514—3520.

Schuit SCE, Van Der Klift M, Weel AEAM et al. Fracture incidence and
association with bone mineral density in elderly men and women: The
Rotterdam Study. Bone 2004;34:195—202.

Bliuc D, Alarkawi D, Nguyen TV, Eisman JA, Center JR. Risk of
subsequent fractures and mortality in elderly women and men with
fragility fractures with and without osteoporotic bone density: the Dubbo
Osteoporosis Epidemiology Study. J Bone Miner Res 2015;30:637—646.

Stone KL, Seeley DG, Lui L-Y et al. BMD at multiple sites and risk of

57



63

64

65

66

67

68

69

70

71

72

73

74

fracture of multiple types: long-term results from the Study of
Osteoporotic Fractures. J Bone Min Res 2003;18:1947-1954.

Melton III LJ, Thamer M, Ray NF et al. Fractures attributable to
osteoporosis: report from the National Osteoporosis Foundation. J Bone
Miner Res 1997;12:16—23.

The burden of musculoskeletal conditions at the start of the new
millennium. Geneva: World Health Organization, 2003.

Qaseem A, Forciea MA, Mclean RM, Denberg TD. Treatment of low bone
density or osteoporosis to prevent fractures in men and women: a clinical
practice guideline update from the American College of Physicians. Ann
Intern Med 2017;166:818—839.

Cosman F, de Beur SJ, LeBoff MS et al. Clinician’s guide to prevention and
treatment of osteoporosis. Osteoporos Int 2014;25:2359—2381.

Crandall CJ, Newberry SJ, Diamant A et al. Treatment to prevent fractures
in men and women with low bone density or osteoporosis: update of a
2007 report. Rockville, MD: Agency for Healthcare Research and Quality,
US Department of Health and Human Services, 2012.

International Osteoporosis Foundation. Health professionals - fragility
fractures - epidemiology. https://www.osteoporosis.foundation/health-
professionals/fragility-fractures/epidemiology. Accessed 15 Sep 2021.

Melton LJ, Chrischilles EA, Cooper C, Lane AW, Riggs BL. Perspective.
How many women have osteoporosis? J Bone Miner Res 1992;7:1005—
1010.

Kanis JA, Johnell O, Oden A et al. Long-term risk of osteoporotic fracture
in Malmo. Osteoporos Int 2000;11:669—674.

Cummings SR, Melton III LJ. Osteoporosis I: epidemiology and outcomes
of osteoporotic fractures. Lancet 2002;359:1761—-1767.

Driessen JHM, Hansen L, Eriksen SA et al. The epidemiology of fractures
in Denmark in 2011. Osteoporos Int 2016;27:2017—2025.

Kanis JA, Oden A, Johnell O, Jonsson B, De Laet C, Dawson A. The burden
of osteoporotic fractures: a method for setting intervention thresholds.
Osteoporos Int 2001;12:417—427.

Eisman JA, Bogoch ER, Dell R et al. Making the first fracture the last

fracture: ASBMR task force report on secondary fracture prevention. J
Bone Miner Res 2012;27:2039—2046.

58



75

76

77

78

79

80

81

82

83

84

85

86

87

Melton ITI JL. Epidemiology of Fractures. In: Riggs BL, Melton III JL, eds.
Osteoporosis:  Etiology, Diagnosis, and Management. 2nd ed.
Philadelphia, PA: Lipinott-Raven, 1995.

Nguyen ND, Pongchaiyakul C, Center JR, Eisman JA, Nguyen TV.
Identification of high-risk individuals for hip fracture: a 14-year
prospective study. J Bone Miner Res 2005;20:1921—1928.

Burger H, De Laet CEDH, Weel AEAM, Hofman A, Pols HAP. Added value
of bone mineral density in hip fracture risk scores. Bone 1999;25:369—

374

O’Neill T, Lunt M, Silman A, Felsenberg D, Benevolenskaya L, Bhalla A.
The relationship between bone density and incident vertebral fracture in
men and women. J Bone Miner Res 2002;17:2214—2221.

Campbell JA, Borrie MJ, Spears GF, Jackson SL, Brown JS, Fitzgerald JL.
Circumstances and consequences of falls experienced by a community
population 70 years and over during a prospective study. Age Ageing

1990;19:136—141.

O’loughlin JL, Robitaille Y, Boivin JF, Suissa S. Incidence of and risk
factors for falls and injurious falls among the community-dwelling elderly.
Am J Epidemiol 1993;137:342—354-.

Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly
persons living in the community. N Engl J Med 1988;319:1701—1707.

Nevitt MC, Cummings SR, Kidd S, Black D. Risk factors for recurrent
nonsyncopal falls: a prospective study. JAMA 1989;261:2663—2668.

Tinetti ME, Doucette J, Claus E, Marottoli R. Risk factors for serious
injury during falls by older persons in the community. JAGS

1995;43:1214—1221.
Farr JN, Melton III LJ, Achenbach SJ, Atkinson EJ, Khosla S, Amin S.

Fracture incidence and characteristics in young adults aged 18 to 49 years:
a population-based study. J Bone Miner Res 2017;32:2347—2354-.

Riggs BL, Khosla S, Melton III LJ. Sex steroids and the construction and
conservation of the adult skeleton. Endocr Rev 2002;23:279—302.

De Laet CEDH, Van Hout BA, Burger H, Weel AEAM, Hofman A, Pols
HAP. Hip fracture prediction in elderly men and women: validation in the
Rotterdam Study. J Bone Miner Res 1998;13:1587-1593.

Cheng S, Suominen H, Sakari-Rantala R, Laukkanen P, Avikainen V,

59



88

89

90

o1

92

93

94

95

96

97

98

Heikkinen E. Calcaneal bone mineral density predicts fracture
occurrence: a five-year follow-up study in elderly people. J Bone Miner
Res 1997;12:1075-1082.

Center JR, Nguyen TV, Pocock NA, Eisman JA. Volumetric bone density
at the femoral neck as a common measure of hip fracture risk for men and
women. J Clin Endocrinol Metab 2004;89:2776—2782.

Tran T, Bliuc D, Pham HM et al. A risk assessment tool for predicting
fragility fractures and mortality in the elderly. J Bone Miner Res

2020;35:1923-1934.

Fraser L, Langsetmo L, Berger C, Ioannidis G. Fracture prediction and
calibration of a Canadian FRAX® tool: a population-based report from
CaMos. Osteoporos Int 2011;22:829—-837.

Deandrea S, Lucenteforte E, Bravi F, Foschi R, La Vecchia C, Negri E. Risk
factors for falls in community-dwelling older people: a systematic review
and meta-analysis. Epidemiology 2010;21:658—-668.

Nordstrom P, Eklund F, Bjornstig U et al. Do both areal BMD and
injurious falls explain the higher incidence of fractures in women than in
men? Calcif Tissue Int 2011;89:203—210.

De Laet C, Kanis JA, Odén A et al. Body mass index as a predictor of
fracture risk: a meta-analysis. Osteoporos Int 2005;16:1330—1338.

Klotzbuecher CM, Ross PD, Landsman PB, Abbott TA, Berger M. Patients
with prior fractures have an increased risk of future fractures: a summary
of the literature and statistical synthesis. J Bone Miner Res 2000;15:721—
739.

Kanis JA, Johnell O, De Laet C et al. A meta-analysis of previous fracture
and subsequent fracture risk. Bone 2004;35:375—382.

Ross PD, Davis JW, Epstein RS, Wasnich RD. Pre-existing fractures and
bone mass predict vertebral fracture incidence in women. Ann Intern Med

1991;114:919—923.

Seibel MJ, Cooper MS, Zhou H. Glucocorticoid-induced osteoporosis:
mechanisms, management, and future perspectives. Lancet Diabetes
Endocrinol 2013;1:59-70.

Fardet L, Petersen I, Nazareth I. Prevalence of long-term oral
glucocorticoid prescriptions in the UK over the past 20 years.
Rheumatology 2011;50:1982-1990.

60



99

100

101

102

103

104

105

106

107

108

109

110

111

Feldstein AC, Elmer PJ, Nichols GA, Herson M. Practice patterns in
patients at risk for glucocorticoid-induced osteoporosis. Osteoporos Int
2005;16:2168-2174.

van Staa TP, Leufkens HGM, Cooper C. The epidemiology of
corticosteroid-induced osteoporosis: a meta-analysis. Osteoporos Int

2002;13:777-787.

van Everdingen AA, Jacobs JWG, van Reesema DRS, Bijlsma JWJ. Low-
dose prednisone therapy for patients with early active rheumatoid
arthritis: clinical efficacy, disease-modifying properties, and side effects:
a randomized, double-blind, placebo-controlled clinical trial. Ann Intern
Med 2002;136:1—12.

Laan RFJM, van Riel PLCM, van de Putte LBA, van Erning LJTO, van’t
Hof MA, Lemmens JA. Low-dose prednisone induces rapid reversible
axial bone loss in patients with rheumatoid arthritis: a randomized,
controlled study. Ann Intern Med 1993;119:963—968.

van Staa TP, Leufkens HGM, Abenhaim L, Zhang B, Cooper C. Use of oral
corticosteroids and risk of fractures. J Bone Miner Res 2000;15:993—
1000.

van Staa TP, Leufkens HGM, Abenhaim L, Zhang B, Cooper C. Oral
corticosteroids and fracture risk: relationship to daily and cumulative
doses. Rheumatology 2000;39:1383—1389.

Steinbuch M, Youket TE, Cohen S. Oral glucocorticoid use is associated
with an increased risk of fracture. Osteoporos Int 2004;15:323—328.

Van Staa TP, Leufkens HGM, Cooper C. Use of inhaled corticosteroids and
risk of fractures. J Bone Miner Res 2001;16:581—588.

Suissa S, Baltzan M, Kremer R, Ernst P. Inhaled and nasal corticosteroid
use and the risk of fracture. Am J Respir Crit Care Med 2004;169:83—88.

Gray N, Howard A, Zhu J, Feldman LY, To T. Association between inhaled
corticosteroid use and bone fracture in children with asthma. JAMA
Pediatr 2018;172:57—64.

Vestergaard P, Rejnmark L, Mosekilde L. Fracture risk associated with
systemic and topical corticosteroids. J Intern Med 2005;257:374—384.

Compston JE, McClung MR, Leslie WD. Osteoporosis. Lancet
2019;393:364—-376.

Compston J. Overdiagnosis of osteoporosis: fact or fallacy? Osteoporos

61



112

113

114

115

116

117

118

119

120

121

122

Int 2015;26:2051—2054.

Jarvinen TL, Michaelsson K, Jokihaara J et al. Overdiagnosis of bone
fragility in the quest to prevent hip fracture. BMJ 2015;350:h2088.

Ebeling PR. Osteoporosis: it’s time to “mind the gap.” Intern Med J
2007;37:672—673.

ASBMR initiates call to action to address the crisis in the treatment of
osteoporosis. Washington, DC: American Society for Bone and Mineral
Research, 2016. https://www.asbmr.org/About/PressReleases/
Detail.aspx?cid=7bgb6992-bf2d-44ab-ac89-73515¢cc591ae.

Solomon DH, Johnston SS, Boytsov NN, McMorrow D, Lane JM, Krohn
KD. Osteoporosis medication use after hip fracture in U.S. patients
between 2002 and 2011. J Bone Miner Res 2014;29:1929—1937.

van der Velde RY, Wyers CE, Teesselink E et al. Trends in oral anti-
osteoporosis drug prescription in the United Kingdom between 1990 and
2012: Variation by age, sex, geographic location and ethnicity. Bone
2017;94:50-55.

Chau YT, Nashi N, Law LSC, Goh RKH, Choo SX, Seetharaman SK.
Undertreatment of osteoporosis following hip fracture: a retrospective,
observational study in Singapore. Arch Osteoporos 2020;15:141.

Gonnelli S, Caffarelli C, Iolascon G et al. Prescription of anti-osteoporosis
medications after hospitalization for hip fracture: a multicentre Italian
survey. Aging Clin Exp Res 2017;29:1031—1037.

Kulbay A, Vest D, Thorngren K, Hommel A, Hedstrom M.
Sekundirprevention - fortfarande en utmaning efter fragilitetsfraktur.
Lakartidningen 2021;118:21033.

Nordstrém P, Annika T, Gustafson Y, Thorngren KG, Hommel A,
Nordstrom A. Bisphosphonate use after hip fracture in older adults: a
nationwide retrospective cohort study. J Am Med Dir Assoc 2017;18:515—
521.

Nationella riktlinjer - utvardering - vard vid rorelseorganens sjukdomar
2014 - indikatorer och underlag for bedémningar. Stockholm:
Socialstyrelsen, 2014.

Lorentzon M, Nilsson AG, Johansson H, Kanis JA, Mellstrom D, Sundh

D. Extensive undertreatment of osteoporosis in older Swedish women.
Osteoporos Int 2019;30:1297-1305.

62



123

124

125

126

127

128

129

130

131

132

133

134

Malnivaer for rorelseorganens sjukdomar. Stockholm: Socialstyrelsen,
2015.

Siris ES, Modi A, Tang J, Gandhi S, Sen S. Substantial under-treatment
among women diagnosed with osteoporosis in a US managed-care
population: a retrospective analysis. Curr Med Res Opin 2014;30:123—
130.

Naik-Panvelkar P, Norman S, Elgebaly Z et al. Osteoporosis management
in Australian general practice: an analysis of current osteoporosis
treatment patterns and gaps in practice. BMC Fam Pract 2020;21:32.

Weaver JP, Olsson K, Sadasivan R, Modi A, Sen S. Reasons for not treating
women with postmenopausal osteoporosis with prescription medications:
physicians’ and patients’ perspectives. J Women’s Heal 2017;26:1302—
1311.

Lindsay BR, Olufade T, Bauer J, Babrowicz J, Hahn R. Patient-reported
barriers to osteoporosis therapy. Arch Osteoporos 2016;11:19.

Bittner V, Colantonio LD, Dai Y et al. Association of region and hospital
and patient characteristics with use of high-intensity statins after
myocardial infarction among medicare beneficiaries. JAMA Cardiol
2019;4:865—872.

Rasmussen DB, Bodtger U, Lamberts M et al. Beta-blocker, aspirin, and
statin usage after first-time myocardial infarction in patients with chronic
obstructive pulmonary disease: a nationwide analysis from 1995 to 2015
in Denmark. Eur Hear J - Qual Care Clin Outcomes 2020;6:23—31.

Akesson K, Marsh D, Mitchell PJ et al. Capture the Fracture: a best
practice framework and global campaign to break the fraggility fracture
cycle. Osteoporos Int 2013;24:2135—2152.

Jha S, Wang Z, Laucis N, Bhattacharyya T. Trends in media reports, oral
bisphosphonate prescriptions, and hip fractures 1996-2012: an ecological
analysis. J Bone Miner Res 2015;30:2179—2187.

Crandall CJ, Newberry SJ, Diamant A et al. Comparative effectiveness of
pharmacologic treatments to prevent fractures: an updated systematic
review. Ann Intern Med 2014;161:711—723.

Compston J, Cooper A, Cooper C et al. UK clinical guideline for the
prevention and treatment of osteoporosis. Arch Osteoporos 2017;12:43.

Nationella riktlinjer for rorelseorganens sjukdomar - reumatoid artrit,
axial spondylartrit, psoriasisartrit, artros och osteoporos - stéd for

63



135

136

137

138

139

140

141

142

143

144

145

146

147

styrning och ledning. Stockholm: Socialstyrelsen, 2021.

Mendis AS, Ganda K, Seibel MJ. Barriers to secondary fracture prevention
in primary care. Osteoporos Int 2017;28:2913—2919.

Yu I, Cheung P, Chow C et al. 2013 OSHK guideline for clinical
management of postmenopausal osteoporosis in Hong Kong. Hong Kong
Med J 2013;19 Suppl 2:1—40.

Yeap SS, Hew FL, Lee JK et al. The Malaysian clinical guidance on the
management of postmenopausal osteoporosis, 2012: a summary. Int J
Rheum Dis 2013;16:30—40.

Makras P, Vaiopoulos G, Lyritis GP. 2011 guidelines for the diagnosis and
treatment of osteoporosis in Greece. J Musculoskelet Neuronal Interact
2012;12:38—42.

Gluszko P, Lorenc RS, Karczmarewicz E, Misiorowski W, Jaworski M.
Polish guidelines for the diagnosis and management of osteoporosis: a
review of 2013 update. Pol Arch Med Wewn 2014;124:255—262.

Terapirekommendationer 2022. Umeé: Region Viasterbotten, 2022.

Papaioannou A, Morin S, Cheung AM et al. 2010 clinical practice
guidelines for the diagnosis and management of osteoporosis in Canada:
summary. CMAJ 2010;182:1864—-1873.

Orimo H, Nakamura T, Hosoi T et al. Japanese 2011 guidelines for
prevention and treatment of osteoporosis - executive summary. Arch
Osteoporos 2012;7:3—20.

Hwang JS, Chan DC, Chen JF et al. Clinical practice guidelines for the
prevention and treatment of osteoporosis in Taiwan: summary. J Bone
Miner Metab 2014;32:10—16.

Briot K, Cortet B, Thomas T et al. 2012 update of French guidelines for the
pharmacological treatment of postmenopausal osteoporosis. Joint Bone

Spine 2012;79:304—313.

Reid IR. A broader strategy for osteoporosis interventions. Nat Rev
Endocrinol 2020;16:333—339.

Likemedel vid osteoporos for att forhindra benskorhetsfrakturer -
behandlingsrekommendation. Uppsala: Likemedelsverket, 2020.

Russell RGG, Watts NB, Ebetino FH, Rogers MJ. Mechanisms of action of
bisphosphonates: similarities and differences and their potential

64



148

149

150

151

152

153

154

155

156

157

158

influence on clinical efficacy. Osteoporos Int 2008;19:733—759.

Seeman E. Is a change in bone mineral density a sensitive and specific
surrogate of anti-fracture efficacy? Bone 2007;41:308-317.

Watts NB, Geusens P, Barton IP, Felsenberg D. Relationship between
changes in BMD and nonvertebral fracture incidence associated with
risedronate: Reduction in risk of nonvertebral fracture is not related to
change in BMD. J Bone Miner Res 2005;20:2097—2104.

Cummings SR, Karpf DB, Harris F et al. Improvement in spine bone
density and reduction in risk of vertebral fractures during treatment with
antiresorptive drugs. Am J Med 2002;112:281-289.

Delmas PD, Seeman E. Changes in bone mineral density explain little of
the reduction in vertebral or nonvertebral fracture risk with anti-
resorptive therapy. Bone 2004;34:599—604.

Black DM, Bauer DC, Vittinghoff E et al. Treatment-related changes in
bone mineral density as a surrogate biomarker for fracture risk reduction:
meta-regression analyses of individual patient data from multiple
randomised controlled trials. Lancet Diabetes Endocrinol 2020;8:672—
682.

Lyles KW, Colén-Emeric CS, Magaziner JS et al. Zoledronic acid and
clinical fractures and mortality after hip fracture. N Engl J Med

2007;357:1799—-1809.

Russell R, Graham G. Bisphosphonates: the first 40 years. Bone
2011;49:2-19.

Black DM, Cummings SR, Karpf DB et al. Randomised trial of effect of
alendronate on risk of fracture in women with existing vertebral fractures.
Lancet 1996;348:1535—-1541.

Cummings SR, Black DM, Thompson DE et al. Effect of alendronate on
risk of fracture in women with low bone density but without vertebral
fractures: results from the Fracture Intervention Trial. JAMA
1998;280:2077—2082.

Pols HA, Felsenberg D, Hanley DA et al. Multinational, placebo-
controlled, randomized trial of the effects of alendronate on bone density
and fracture risk in postmenopausal women with low bone mass: results
of the FOSIT study. Osteoporos Int 1999;9:461—468.

Harris S, Watts N, Genant H et al. Effects of risedronate treatment on
vertebral and nonvertebral fractures in women with postmenopausal

65



159

160

161

162

163

164

165

166

167

168

169

170

osteoporosis: a randomized controlled trial. JAMA 1999;282:1344—-1352.

Reginster JY, Minne HW, Sorensen OH et al. Randomized trial of the
effects of risedronate on vertebral fractures in women with established
postmenopausal osteoporosis. Osteoporos Int 2000;11:83—-91.

McClung M, Geusens P. Effect of risedronate on the risk of hip fracture in
elderly women. N Engl J Med 2001;344:333—340.

Black DM, Delmas PD, Eastell R et al. Once-yearly zoledronic acid for
treatment of postmenopausal osteoporosis. N Engl J Med
2007;356:1809—1822.

Boonen S, Reginster JY, Kaufman JM et al. Fracture risk and zoledronic
acid therapy in men with osteoporosis. N Engl J Med 2012;367:1714—23.

Reid IR, Horne AM, Mihov B et al. Fracture prevention with zoledronate
in older women with osteopenia. N Engl J Med 2018;379:2407—2416.

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;97:1871—1880.

Wells GA, Cranney A, Peterson J et al. Alendronate for the primary and
secondary prevention of osteoporotic fractures in postmenopausal
women. Cochrane Database Syst Rev 2008:CD001155.

Cranney A, Wells G, Willan A et al. II. Meta-analysis of alendronate for the
treatment of postmenopausal women. Endocr Rev 2002;23:508—516.

Sanderson J, Martyn-St James M, Stevens J et al. Clinical effectiveness of
bisphosphonates for the prevention of fragility fractures: a systematic
review and network meta-analysis. Bone 2016;89:52—58.

Grey A, Bolland MJ, Horne A, Mihov B, Gamble G, Reid IR. Duration of
antiresorptive activity of zoledronate in postmenopausal women with
osteopenia: a randomized, controlled multidose trial. CMAJ
2017;189:E1130-E1136.

Kranenburg G, Bartstra JW, Weijmans M et al. Bisphosphonates for
cardiovascular risk reduction: a systematic review and meta-analysis.
Atherosclerosis 2016;252:106—115.

Bolland MJ, Grey AB, Gamble GD, Reid IR. Effect of osteoporosis

treatment on mortality: a meta-analysis. J Clin Endocrinol Metab
2010;95:1174—1181.

66



171

172

173

174

175

176

177

178

179

180

181

Cummings SR, Lui LY, Eastell R, Allen IE. Association between drug
treatments for patients with osteoporosis and overall mortality rates: a
meta-analysis. JAMA Intern Med 2019;179:1491—1500.

Brozek W, Reichardt B, Zwerina J, Dimai HP, Klaushofer K, Zwettler E.
Antiresorptive therapy and risk of mortality and refracture in
osteoporosis-related hip fracture: a nationwide study. Osteoporos Int
2016;27:387-396.

Sing CW, Wong AY, Kiel DP et al. Association of alendronate and risk of
cardiovascular events in patients with hip fracture. J Bone Miner Res

2018;33:1422-1434.

Rennert G, Pinchev M, Gronich N et al. Oral bisphosphonates and
improved survival of breast cancer. Clin Cancer Res 2017;23:1684-1689.

Goodbrand JA, Hughes LD, Cochrane L et al. Association between
bisphosphonate therapy and outcomes from rehabilitation in older
people. Arch Gerontol Geriatr 2017;70:195—200.

Bondo L, Eiken P, Abrahamsen B. Analysis of the association between
bisphosphonate treatment survival in Danish hip fracture patients - a
nationwide register-based open cohort study. Osteoporos Int
2013;24:245—252.

Center JR, Bliuc D, Nguyen ND, Nguyen TV, Eisman JA. Osteoporosis
medication and reduced mortality risk in elderly women and men. J Clin
Endocrinol Metab 2011;96:1006—1014.

Cameron ID, Chen JS, March LM et al. Hip fracture causes excess
mortality owing to cardiovascular and infectious disease in
institutionalized older people: a prospective 5-year study. J Bone Miner
Res 2010;25:866—872.

Beaupre LA, Morrish DW, Hanley DA et al. Oral bisphosphonates are
associated with reduced mortality after hip fracture. Osteoporos Int
2011;22:983-901.

Sambrook PN, Cameron ID, Chen JS et al. Oral bisphosphonates are
associated with reduced mortality in frail older people: a prospective five-
year study. Osteoporos Int 2011;22:2551—2556.

Nurmi-Liithje I, Liithje P, Kaukonen JP et al. Post-fracture prescribed
calcium and vitamin D supplements alone or, in females, with
concomitant anti-osteoporotic drugs is associated with lower mortality in
elderly hip fracture patients: a prospective analysis. Drugs and Aging
2009;26:409—421.

67



182

183

184

185

186

187

188

189

190

191

192

Pazianas M, Abrahamsen B, Eiken PA, Eastell R, Graham R, Russell G.
Reduced colon cancer incidence and mortality in postmenopausal women
treated with an oral bisphosphonate - Danish national register based
cohort study. Osteoporos Int 2012;23:2693—2701.

Hartle JE, Tang X, Kirchner HL et al. Bisphosphonate therapy, death, and
cardiovascular events among female patients with CKD: a retrospective
cohort study. Am J Kidney Dis 2012;59:636—644.

Lee P, Ng C, Slattery A, Nair P, Eisman JA, Center JR. Preadmission
bisphosphonate and mortality in critically ill patients. J Clin Endocrinol
Metab 2016;101:1945—1953.

Ahmed LA, Center JR, Bjornerem A et al. Progressively increasing fracture
risk with advancing age after initial incident fragility fracture: the Tromsg
Study. J Bone Miner Res 2013;28:2214—2221.

Boonen S, McClung MR, Eastell R, Fuleihan GEH, Barton IP, Delmas P.
Safety and efficacy of risedronate in reducing fracture risk in osteoporotic
women aged 80 and older: implications for the use of antiresorptive
agents in the old and oldest old. J Am Geriatr Soc 2004;52:1832—1839.

Boonen S, Black DM, Colon-Emeric CS et al. Efficacy and safety of a once-
yearly intravenous zoledronic acid 5 mg for fracture prevention in elderly
postmenopausal women with osteoporosis aged 75 and older. J Am
Geriatr Soc 2010;58:292—299.

Greenspan SL, Perera S, Ferchak MA, Nace DA, Resnick NM. Efficacy and
safety of single-dose zoledronic acid for osteoporosis in frail elderly
women. JAMA Intern Med 2015;175:913—921.

Hochberg MC, Thompson DE, Black DM et al. Effect of alendronate on the
age-specific incidence of symptomatic osteoporotic fractures. J Bone Min
Res 2005;20:971—976.

Orwoll E, Ettinger M, Weiss S, Miller P, Kendler D, Graham J.
Alendronate for the treatment of osteoporosis in men. N Engl J Med
2000;343:604—610.

Ringe JD, Farahmand P, Faber H, Dorst A. Sustained efficacy of
risedronate in men with primary and secondary osteoporosis: results of a
2-year study. Rheumatol Int 2009;29:311—315.

Boonen S, Orwoll ES, Wenderoth D, Stoner KJ, Eusebio R, Delmas PD.
Once-weekly risedronate in men with osteoporosis: results of a 2-Year,
placebo-controlled, double-blind, multicenter study. J Bone Miner Res

2009;24:719—725.

68



193

194

195

196

197

198

199

200

201

202

203

Boonen S, Orwoll E, Magaziner J et al. Once-yearly zoledronic acid in
older men compared with women with recent hip fracture. J Am Geriatr
Soc 2011;59:2084—2090.

Saag K, Emkey R, Schnitzer T et al. Alendronate for the prevention and
treatment of glucocorticoid-induced osteoporosis. N Engl J Med
1998;339:292—299.

Adachi J, Saag K, Delmas P et al. Two-year effects of alendronate on bone
mineral density and vertebral fracture in patients receiving
glucocorticoids: a randomized, double-blind, placebo-controlled
extension trial. Arthritis Rheum 2001;44:202—211.

Tee SI, Yosipovitch G, Chan YC et al. Prevention of glucocorticoid-induced
osteoporosis in immunobullous diseases with alendronate: a randomized,
double-blind, placebo-controlled study. Arch Dermatol 2012;148:307—
314.

Cohen S, Levy RM, Keller M et al. Risedronate therapy prevents
glucocorticoid-induced bone loss. Arthritis Rheum 1999;42:2309—2318.

Reid DM, Hughes RA, Laan RF et al. Efficacy and safety of daily
risedronate in the treatment of corticosteroid-induced osteoporosis in
men and women: a randomized trial. J Bone Min Res 2000;15:1006—1013.

Eastell R, Devogelaer JP, Peel NFA, Chines AA, Bax DE, Nagant C.
Prevention of bone loss with risedronate in glucocorticoid-treated
rheumatoid arthritis patients. Osteoporos Int 2000;11:331—337.

Sambrook PN, Kotowicz M, Nash P et al. Prevention and treatment of
glucocorticoid-induced osteoporosis: a comparison of calcitriol, vitamin
D plus calcium, and alendronate plus calcium. J Bone Miner Res
2003;18:919—924.

de Nijs RNJ, Jacobs JWG, Lems WF et al. Alendronate or alfacalcidol in
glucocorticoid-induced osteoporosis. N Engl J Med 2006;355:675—684.

Lems WF, Lodder MC, Lips P et al. Positive effect of alendronate on bone
mineral density and markers of bone turnover in patients with
rheumatoid arthritis on chronic treatment with low-dose prednisone: a
randomized, double-blind, placebo-controlled trial. Osteoporos Int
2006;17:716—723.

Yeap SS, Fauzi AR, Kong NCT et al. A comparison of calcium, calcitriol,
and alendronate in corticosteroid-treated premenopausal patients with
systemic lupus erythematosus. J Rheumatol 2008;35:2344—2347.

69



204

205

206

207

208

209

210

211

212

213

214

215

Kikuchi Y, Imakiire T, Yamada M et al. Effect of risedronate on high-dose
corticosteroid-induced bone loss in patients with glomerular disease.
Nephrol Dial Transplant 2007;22:1593—1600.

Kanis JA, Stevenson M, McCloskey E V., Davis S, Lloyd-Jones M.
Glucocorticoid-induced osteoporosis: a systematic review and cost-utility
analysis. Heal Technol Assess 2007;11:iii—iv, ix—xi, 1-231.

Allen CS, Yeung JHS, Vandermeer B, Homik J. Bisphosphonates for
steroid-induced  osteoporosis. = Cochrane Database Syst Rev
2016:CD001347.

Ryder KM, Cummings SR, Palermo L et al. Does a history of non-vertebral
fracture identify women without osteoporosis for treatment? J Gen Intern
Med 2008;23:1177-1181.

Khan AA, Morrison A, Hanley DA et al. Diagnosis and management of
osteonecrosis of the jaw: a systematic review and international consensus.
J Bone Miner Res 2015;30:3—23.

Marx RE. Pamidronate (AREDIA) and zoledronate (ZOMETA) induced
avascular necrosis of the jaws: a growing epidemic. J Oral Maxillofac Surg
2003;61:1115—1118.

Ruggiero SL, Mehrotra B, Rosenberg TJ, Engroff SL. Osteonecrosis of the
jaws associated with the use of bisphosphonates: a review of 63 cases. J
Oral Maxillofac Surg 2004;62:527—534.

Schwartz HC. Osteonecrosis and bisphosphonates: correlation versus
causation. J Oral Maxillofac Surg 2004;62:763—764.

Chang J. ODS postmarketing safety review: ODS PID # D040283. Silver
Spring, MD: United States Food and Drug Administration, Office of Drug
Safety, 2004.

Grbic JT, Black DM, Lyles KW et al. The incidence of osteonecrosis of the
jaw in patients receiving 5 milligrams of zoledronic acid. J Am Dent Assoc
2010;141:1365—1370.

Black D, Reid I, Boonen S et al. The effect of 3 versus 6 years of zoledronic
acid treatment of osteoporosis: a randomized extension to the HORIZON-
Pivotal Fracture Trial (PFT). J Bone Miner Res 2012;27:243—254.

Black DM, Reid IR, Cauley JA et al. The effect of 6 versus 9 years of
zoledronic acid treatment in osteoporosis: a randomized second extension
to the HORIZON-pivotal fracture trial (PFT). J Bone Miner Res

2015;30:934-944.

70



216

217

218

219

220

221

222

223

224

225

226

227

228

Black DM, Schwartz A V, Ensrud KE et al. Effects of continuing or
stopping alendronate after 5 years of treatment: the Fracture Intervention
Trial Long-Term Extension (FLEX): a randomized trial. JAMA
2006;296:2927—2038.

Fass. Alendronat Teva veckotablett: bipacksedel. https://www.fass.se/
LIF/product?userType=2&nplld=20050805000013. Accessed 21 Mar
2022,

Fass. Risedronate Bluefish: bipacksedel. https://www.fass.se/LIF/
product?userType=2&nplld=20091028000015. Accessed 21 Mar 2022.

Fass. Aclasta: bipacksedel. https://www.fass.se/LIF/
product?userType=2&nplld=20040607006429. Accessed 21 Mar 2022.

Reid IR. Osteonecrosis of the jaw - who gets it, and why? Bone 2009;44:4—
10.

Mankin H. Nontraumatic necrosis of bone (osteonecrosis). N Engl J Med
1992;326:1473—1479.

Mirzai R, Chang C, Greenspan A, Gershwin ME. The pathogenesis of
osteonecrosis and the relationships to corticosteroids. J Asthma
1999;36:77-95.

Granite EL. Are nitrogen-containing intravenous bisphosphonates
implicated in osteonecrosis of appendicular bones and bones other than
the jaws? A survey and literature review. J Oral Maxillofac Surg
2012;70:837—-841.

Etminan M, Aminzadeh K, Matthew IR, Brophy JM. Use of oral
bisphosphonates and the risk of aseptic osteonecrosis: a nested case-
control study. J Rheumatol 2008;35:691—695.

Cooper C, Steinbuch M, Stevenson R, Miday R, Watts NB. The
epidemiology of osteonecrosis: findings from the GPRD and THIN
databases in the UK. Osteoporos Int 2010;21:569—577.

Odvina C V., Zerwekh JE, Rao DS, Maalouf N, Gottschalk FA, Pak CYC.
Severely suppressed bone turnover: a potential complication of
alendronate therapy. J Clin Endocrinol Metab 2005;90:1294—1301.

Shane E, Burr D, Abrahamsen B et al. Atypical subtrochanteric and
diaphyseal femoral fractures: second report of a task force of the American

Society for Bone and Mineral Research. J Bone Miner Res 2014;29:1—23.

Goh SK, Yang KY, Koh JSB et al. Subtrochanteric insufficiency fractures

71



229

230

231

232

233

234

235

236

237

238

239

240

in patients on alendronate therapy: a caution. J Bone Jt Surg [Br]
2007;89:349-353.

Lee P, van der Wall H, Seibel MJ. Looking beyond low bone mineral
density: multiple insufficiency fractures in a woman with post-
menopausal osteoporosis on alendronate therapy. J Endocrinol Invest

2007;30:590—-597.

Lenart BA, Lorich DG, Lane JM. Atypical fractures of the femoral
diaphysis in postmenopausal women taking alendronate. N Engl J Med
2008;358:1304-1306.

Black D, Kelly M, Genant H et al. Bisphosphonates and fractures of the
subtrochanteric or diaphyseal femur. N Engl J Med 2010;362:1761—1771.

Black DM, Geiger EJ, Eastell R et al. Atypical femur fracture risk versus
fragility fracture prevention with bisphosphonates. N Engl J Med
2020;383:743-753.

Dell RM, Adams AL, Greene DF et al. Incidence of atypical nontraumatic
diaphyseal fractures of the femur. J Bone Miner Res 2012;27:2544—2550.

Schilcher J, Michaélsson K, Aspenberg P. Bisphosphonate use and
atypical fractures of the femoral shaft. N Engl J Med 2011;364:1728—-1737.

Feldstein A, Black D, Perrin N et al. Incidence and demography of femur
fractures with and without atypical features. J Bone Miner Res
2012;27:977—986.

Ludvigsson JF, Andersson E, Ekbom A et al. External review and
validation of the Swedish national inpatient register. BMC Public Health
2011;11:450.

Nationell datainsamling i primarvarden: forslag till utokning av
patientregistret. Stockholm: Socialstyrelsen, 2012.

Anvisningar for val av huvud- och bidiagnos - version 4.1. Stockholm:
Socialstyrelsen, 2016.

Wettermark B, Hammar N, MichaelFored C et al. The new Swedish
Prescribed Drug Register - opportunities for pharmacoepidemiological
research and experience from the first six months. Pharmacoepidemiol
Drug Saf 2007;16:726—735.

Brooke HL, Talbick M, Hornblad J et al. The Swedish cause of death
register. Eur J Epidemiol 2017;32:765—773.

72



241

242

243

244

245

246

247

248

249

250

251

252

253

Barlow L, Westergren K, Holmberg L, Talback M. The completeness of the
Swedish Cancer Register - a sample survey for year 1998. Acta Oncol

2009;48:27-33.

LISA, Longitudinell integrationsdatabas for Sjukforsakrings- och
Arbetsmarknadsstudier. Orebro: Statistiska centralbyran, 2019.

Téackningsgrader 2016 - jamforelser mellan nationella kvalitetsregister
och hilsodataregistren. Stockholm: Socialstyrelsen, 2017.

Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, Ekbom A. The
Swedish personal identity number: possibilities and pitfalls in healthcare
and medical research. Eur J Epidemiol 2009;24:659—667.

Sekretesspolicy 2019-09-11. Orebro: Statistiska centralbyrin, 2019.

Regulation (EU) 2016/679 of the European Parliament and of the Council
of 27 April 2016 on the protection of natural persons with regard to the
processing of personal data and on the free movement of such data, and
repealing Directive 95/46/EC (General Data Protection Regulation).

Bergstrom MF, Byberg L, Melhus H, Michaelsson K, Gedeborg R. Extent
and consequences of misclassified injury diagnoses in a national hospital
discharge registry. Inj Prev 2011;17:108-113.

Bergdahl C, Nilsson F, Wennergren D, Ekholm C, Méller M. Completeness
in the swedish Fracture Register and the Swedish National Patient
Register: an assessment of humeral fracture registrations. Clin Epidemiol

2021;13:325-333.

DRG-statistik 2018 - en beskrivning av vardproduktion och
vardkonsumtion i Sverige. Stockholm: Socialstyrelsen, 2020.

Oppna jimforelser 2014: hilso- och sjukvard - del 2. Indikatorer om
sjukdomar och behandlingar. Stockholm: Socialstyrelsen och Sveriges
kommuner och landsting, 2014.

Bergman J, Nordstrém A, Nordstrom P. Epidemiology of osteonecrosis
among older adults in Sweden. Osteoporos Int 2019;30:965—973.

Kvalitetsdeklaration - statistik om ldkemedel ar 2016. Stockholm:
Socialstyrelsen, 2017.

Dodsorsaksstatistik - historik, produktionsmetoder och tillforlitlighet -
komplement till rapporten dodsorsaker 2008.  Stockholm:
Socialstyrelsen, 2010.

73



254

255

256

257

258

259

260

261

262

263

264

265

Det statistiska registrets framstillning och kvalitet - Longitudinell
integrationsdatabas for sjukforsikrings- och arbetsmarknadsstudier
(LISA). Orebro: Statistiska centralbyran, 2022.

Meyer AC, Hedstrom M, Modig K. The Swedish Hip Fracture Register and
National Patient Register were valuable for research on hip fractures:
comparison of two registers. J Clin Epidemiol 2020;125:91—99.

Ray WA. Evaluating medication effects outside of clinical trials: new-user
designs. Am J Epidemiol 2003;158:915—920.

Hernan MA, Robins JM. Using big data to emulate a target trial when a
randomized trial is not available. Am J Epidemiol 2016;183:758—764.

Gedeborg R, Engquist H, Berglund L, Michaélsson K. Identification of
incident injuries in hospital discharge registers. Epidemiology
2008;19:860—-867.

Thomas T, Horlait S, Ringe JD et al. Oral bisphosphonates reduce the risk
of clinical fractures in glucocorticoid-induced osteoporosis in clinical
practice. Osteoporos Int 2013;24:263—269.

Abrahamsen B, Rubin KH, Eiken PA, Eastell R. Characteristics of patients
who suffer major osteoporotic fractures despite adhering to alendronate
treatment: a National Prescription registry study. Osteoporos Int
2013;24:321—328.

Curtis JR, Arora T, Matthews RS et al. Is withholding osteoporosis
medication after fracture sometimes rational? A comparison of the risk for
second fracture versus death. J Am Med Dir Assoc 2010;11:584—591.

Horwitz RI, Viscoli CM, Clemens JD, Sadock RT. Developing improved
observational methods for evaluating therapeutic effectiveness. Am J Med
1990;89:630-638.

Rosenbaum P. Design of Observational Studies. New York: Springer,
2010.

Silverman SL. From randomized controlled trials to observational studies.
Am J Med 2009;122:114—120.

Johnson ML, Crown W, Martin BC, Dormuth CR, Siebert U. Good
research practices for comparative effectiveness research: analytic
methods to improve causal inference from nonrandomized studies of
treatment effects using secondary data sources: the ISPOR Good Research
Practices for Retrospective Database Analysis Task Force Report - Part ITI.
Value Heal 2009;12:1062-1073.

74



266

267

268

269

270

271

272

273

274

275

276

277

278

279

Suissa S. Immortal time bias in observational studies of drug effects.
Pharmacoepidemiol Drug Saf 2007;16:241—249.

Zhou Z, Rahme E, Abrahamowicz M, Pilote L. Survival bias associated
with time-to-treatment initiation in drug effectiveness evaluation: a
comparison of methods. Am J Epidemiol 2005;162:1016—1023.

Karim ME, Gustafson P, Petkau J et al. Comparison of statistical
approaches for dealing with immortal time bias in drug effectiveness
studies. Am J Epidemiol 2016;184:325—-335.

Li YP, Propert KJ, Rosenbaum PR. Balanced risk set matching. J Am Stat
Assoc 2001;96:870—882.

Lu B. Propensity score matching with time-dependent covariates.
Biometrics 2005;61:721—728.

Vandenbroucke JP, von Elm E, Altman DG et al. Strengthening the
reporting of observational studies in epidemiology (STROBE):
explanation and elaboration. PLoS Med 2007;4:€297.

Hernan MA, Alonso A, Logan R et al. Observational studies analyzed like
randomized experiments: an application to postmenopausal hormone
therapy and coronary heart disease. Epidemiology 2008;19:766—779.

Wallerstedt SM, Hoffmann M. Evaluating beneficial drug effects in a non-
interventional setting: a review of effectiveness studies based on Swedish
Prescribed Drug Register data. Br J Clin Pharmacol 2017;1309-1318.

Gayat E, Resche-Rigon M, Mary JY, Porcher R. Propensity score applied
to survival data analysis through proportional hazards models: a Monte
Carlo study. Pharm Stat 2012;11:222—229.

WMA Declaration of Helsinki - ethical principles for medical research
involving human subjects. Ferney-Voltaire: World Medical Association,
2013.

Lag (2003:460) om etikprévning av forskning som avser manniskor.
Hernan MA. The hazards of hazard ratios. Epidemiology 2010;21:13—15.
Concato J, Shah N, Horwitz RI. Randomized, controlled trials,
observational studies, and the hierarchy of research designs. N EnglJ Med
2000;343:1887-1892.

Danaei G, Rodriguez LAG, Cantero OF, Logan R, Hernan MA.
Observational data for comparative effectiveness research: an emulation

75



280

281

282

283

284

285

286

287

288

289

290

201

of randomised trials of statins and primary prevention of coronary heart
disease. Stat Methods Med Res 2011;22:70—96.

Berger ML, Mamdani M, Atkins D, Johnson ML. Good research practices
for comparative effectiveness research: defining, reporting and
interpreting nonrandomized studies of treatment effects using secondary
data sources: the ISPOR Good Research Practices for Retrospective
Database Analysis Task Force Report - Part I. Value Heal 2009;12:1044—
1052.

Lindsay R. Beyond clinical trials: the importance of large databases in
evaluating differences in the effectiveness of bisphosphonate therapy in
postmenopausal osteoporosis. Bone 2007;40:532—-S35.

Rothman KJ, Gallacher JEJ, Hatch EE. Why representativeness should be
avoided. Int J Epidemiol 2013;42:1012—1014.

Weiss NS. Clinical epidemiology. In: Rothman KJ, Greenland S, Lash TL,
eds. Modern epidemiology. 3rd ed. Philadelphia: Lippincott Williams &
Wilkins, 2008.

Slone D, Shapiro S, Miettinen OS, Finkle WD, Stolley PD. Drug evaluation
after marketing. Ann Intern Med 1979;90:257—261.

Macmahon S, Collins R. Reliable assessment of the effects of treatment on
mortality and major morbidity, II: observational studies. Lancet

2001;357:455-462.

Vandenbroucke JP. When are observational studies as credible as
randomised trials? Lancet 2004;363:1728—-1731.

Zanetti M, Romero J, Dambacher M a, Hodler J. Osteonecrosis diagnosed
on MR images of the knee: relationship to reduced bone mineral density
determined by high resolution peripheral quantitative CT. Acta radiol

2003;44:525—531.

Gangji V, Soyfoo MS, Heuschling A et al. Non traumatic osteonecrosis of
the femoral head is associated with low bone mass. Bone 2018;107:88—
92.

Gupta S, Jain P, Kumar P, Parikh P. Zoledronic acid induced osteonecrosis
of tibia and femur. Indian J Cancer 2009;46:249—250.

Longo R, Castellana MA, Gasparini G. Bisphosphonate-related
osteonecrosis of the jaw and left thumb. J Clin Oncol 2009;27:e242—e243.

Didden K, De Smet L, Vandenberghe L, Sciot R, Degreef 1. Avascular

76



292

293

204

295

206

297

298

299

300

301

302

necrosis of the proximal carpal row of the wrist. A possible complication
of bisphosphonate administration. Chir Main 2012;31:355—-357.

Mont MA, Cherian JJ, Sierra RJ, Jones LC, Lieberman JR. Nontraumatic
osteonecrosis of the femoral head: where do we stand today?: A ten-year
update. J Bone Joint Surg Am 2015;97:1604—-1627.

Arbab D, Konig DP. Atraumatic femoral head necrosis in adults:
epidemiology, etiology, diagnosis and treatment. Dtsch Arztebl Int
2016;113:31—38.

Eisman JA, Geusens P, Bergh J Van Den. The emperor’s new clothes: what
randomized controlled trials dont cover. J Bone Miner Res

2018;33:1394—1396.

Grossman J, Mackenzie FJ. The randomized controlled trial: gold
standard, or merely standard? Perspect Biol Med 2005;48:516—534.

Serensen HT, Lash TL, Rothman KJ. Beyond randomized controlled
trials: a critical comparison of trials with nonrandomized studies.
Hepatology 2006;44:1075—1082.

Rubin D. For objective causal inference, design trumps analysis. Ann Appl
Stat 2008;2:808—-840.

Reynolds AW, Liu G, Kocis PT, Skowronski JN, Leslie DL, Edward J.
Comparison of osteoporosis pharmacotherapy fracture rates: analysis of a
MarketScan ® claims database cohort. Int J Endocrinol Metab
2018;16:e12104.

Zullo AR, Zhang T, Lee Y et al. Effect of bisphosphonates on fracture
outcomes among frail older adults. JAGS 2018;1—9.

Lee DR, Lee J. Comparison of the efficacy between once-monthly oral
ibandronate and risedronate among Korean women with osteoporosis: a
nationwide population-based study. Osteoporos Int 2019;30:659—666.

Desai RJ, Mahesri M, Abdia Y et al. Association of osteoporosis
medication use after hip fracture with prevention of subsequent
nonvertebral fractures: an instrumental variable analysis. JAMA Netw
Open 2018;1:€180826.

Behanova M, Reichardt B, Stamm TA, Zwerina J, Klaushofer K, Kocijan
R. Treatment effects of bisphosphonates and denosumab on survival and
refracture from real-world data of hip-fractured patients. Calcif Tissue Int
2019;105:630—641.

77



303

304

305

306

307

308

309

310

311

312

313

Zullo AR, Lee Y, Lary C, Daiello LA, Kiel DP, Berry SD. Comparative
effectiveness of denosumab, teriparatide, and zoledronic acid among frail
older adults: a retrospective cohort study. Osteoporos Int 2021;32:565—

573-

Chen YJ, Kung PT, Chou WY, Tsai WC. Alendronate medication
possession ratio and the risk of second hip fracture: an 11-year population-
based cohort study in Taiwan. Osteoporos Int 2020;31:1555—1563.

Selling AS, Christensen DH, Darvalics B, Harslef T, Thomsen RW,
Langdahl B. Fracture rates in patients discontinuing alendronate
treatment in real life: a population-based cohort study. Osteoporos Int
2021;32:1103—1115.

Robinson DE, Ali MS, Strauss VY et al. Bisphosphonates to reduce bone
fractures in stage 3B+ chronic kidney disease: a propensity score-matched
cohort study. Heal Technol Assess 2021;25:1-106.

Hoff M, Skovlund E, Meyer HE et al. Does treatment with
bisphosphonates protect against fractures in real life? The HUNT study,
Norway. Osteoporos Int 2021;32:1395—1404.

Bourrion B, Souty C, Fournier L et al. Bisphosphonate use and
hospitalization for hip fractures in women: an observational population-
based study in france. Int J Env Res Public Heal 2021;18:8780.

Viggers R, Al-Mashhadi Z, Starup-Linde J, Vestergaard P. The Efficacy of
alendronate versus denosumab on major osteoporotic fracture risk in
elderly patients with diabetes dellitus: a Danish retrospective cohort
study. Front Endocrinol 2022;12:826997.

Hayes KN, Brown KA, Cheung AM, Kim SA, Juurlink DN, Cadarette SM.
Comparative fracture risk during osteoporosis drug holidays after long-
term risedronate versus alendronate therapy. Ann Intern Med

2022;175:335—343-

Overman RA, Gourlay ML, Deal CL, Farley JF, Brookhart MA, Layton JB.
Fracture rate associated with quality metric-based anti-osteoporosis
treatment in glucocorticoid-induced osteoporosis. Osteoporos Int
2015;26:1515-1524.

Silverman SL, Watts NB, Delmas PD, Lange JL, Lindsay R. Effectiveness
of bisphosphonates on nonvertebral and hip fractures in the first year of
therapy: the risedronate and alendronate (REAL) cohort study.
Osteoporos Int 2007;18:25-34.

Lindsay R, Watts NB, Lange JL, Delmas PD, Silverman SL. Effectiveness

78



314

315

317

318

319

320

321

322

323

324

of risedronate and alendronate on nonvertebral fractures: an
observational study through 2 years of therapy. Osteoporos Int

2013;24:2345—2352.

Adami S, Isaia G, Luisetto G et al. Osteoporosis treatment and fracture
incidence: the ICARO longitudinal study. Osteoporos Int 2008;19:1219—
1223.

Bawa HS, Weick J, Dirschl DR. Anti-osteoporotic therapy after fragility
fracture lowers rate of subsequent fracture: analysis of a large population
sample. J Bone Jt Surg Am 2015;97:1555—1562.

Landfeldt E, Strom O, Robbins S, Borgstrom F. Adherence to treatment of
primary osteoporosis and its association to fractures-the Swedish
Adherence Register Analysis (SARA). Osteoporos Int 2012;23:433—443.

Strom O, Landfeldt E, Garellick G. Residual effect after oral
bisphosphonate treatment and healthy adherer effects—the Swedish
adherence register analysis (SARA). Osteoporos Int 2014;26:315—325.

Soong YK, Tsai KS, Huang HY et al. Risk of refracture associated with
compliance and persistence with bisphosphonate therapy in Taiwan.
Osteoporos Int 2013;24:511—521.

Lee YK, Ha YC, Choi HJ et al. Bisphosphonate use and subsequent hip
fracture in South Korea. Osteoporos Int 2013;24:2887-2892.

Abelson A, Ringe JD, Gold DT, Lange JL, Thomas T. Longitudinal change
in clinical fracture incidence after initiation of bisphosphonates.
Osteoporos Int 2010;21:1021-1029.

Van Geel TACM, Bliuc D, Geusens PPM et al. Reduced mortality and
subsequent fracture risk associated with oral bisphosphonate
recommendation in a fracture liaison service setting: a prospective cohort
study. PLoS One 2018;13:60198006.

Bliuc D, Tran T, van Geel T et al. Reduced bone loss is associated with
reduced mortality risk in subjects exposed to nitrogen bisphosphonates: a
mediation analysis. J Bone Miner Res 2019;34:2001—2011.

Bliuc D, Tran T, Geel T Van et al. Mortality risk reduction differs according
to bisphosphonate class: a 15-year observational study. Osteoporos Int
2019;30:817—-828.

Yeh M, Zhou H, Adams A et al. The relationship of parathyroidectomy and
bisphosphonates with fracture risk in primary hyperparathyroidism. Ann
Intern Med 2016;164:715-723.

79



325

326

327

328

329

330

331

332

333

334

335

336

Izano MA, Lo JC, Adams AL et al. Bisphosphonate treatment beyond 5
years and hip fracture risk in older women. JAMA Open
2020;3:€2025190.

Strom O, Lauppe R, Ljunggren O et al. Real-world effectiveness of
osteoporosis treatment in the oldest old. Osteoporos Int 2020;31:1525—

1533-

Grassi G, Chiodini I, Palmieri S, Cairoli E, Arosio M, Eller-Vainicher C.
Bisphosphonates after denosumab withdrawal reduce the vertebral
fractures incidence. Eur J Endocrinol 2021;185:387-396.

Cadarette SM, Katz JN, Brookhart MA, Stirmer T, Stedman M, Solomon
D. Relative effectiveness of osteoporosis drugs for preventing
nonvertebral fracture. Ann Intern Med 2008;148:637—646.

Ebina K, Hashimoto J, Kashii M et al. Effects of follow-on therapy after
denosumab discontinuation in patients with postmenopausal
osteoporosis. Mod Rheumatol 2021;31:485—492.

Choudhary M, Maximous M, Yang S-JT, Chock B. Effect of
bisphosphonates on fracture incidence in young adults with low bone
density. Endocr Pract 2021;27:977—982.

Feldstein AC, Weycker D, Nichols GA et al. Effectiveness of
bisphosphonate therapy in a community setting. Bone 2009;44:153—159.

Langsetmo LA, Morin S, Richards JB et al. Effectiveness of antiresorptives
for the prevention of nonvertebral low-trauma fractures in a population-
based cohort of women. Osteoporos Int 2009;20:283—290.

van Staa TP, Abenhaim L, Cooper C. Use of cyclical etidronate and
prevention of non-vertebral fractures. Br J Rheumatol 1998;37:87—94.

Erviti J, Alonso A, Gorricho J, Lopez A. Oral bisphosphonates may not
decrease hip fracture risk in elderly Spanish women: a nested case-control
study. BMJ Open 2013;3:€002084.

Behanova M, Reichardt B, Stamm TA, Zwerina J, Klaushofer K, Kocijan
R. Treatment effects of bisphosphonates and denosumab on survival and
refracture from real-world data of hip-fractured patients. Osteoporos Int
2019;105:630—641.

Choi N-K, Solomon DH, Tsacogianis TN, Landon JE, Song HJ, Kim SC.
Comparative safety and effectiveness of denosumab versus zoledronic
acid in patients with osteoporosis: a cohort study. J Bone Miner Res
2017;32:611-617.

80



337

338

339

340

341

342

343

344

345

346

347

348

349

Axelsson KF, Nilsson AG, Wedel H, Lundh D, Lorentzon M. Association
between alendronate use and hip fracture risk in older patients using oral
prednisolone. JAMA 2017;318:146—155.

Axelsson KF, Wallander M, Johansson H, Lundh D, Lorentzon M. Hip
fracture risk and safety with alendronate treatment in the oldest old. J
Intern Med 2017;282:546—559.

Reyes C, Pottegard A, Schwarz P et al. Real-life and RCT participants:
alendronate users versus FITs’ trial eligibility criterion. Calcif Tissue Int

2016;99:243—249.

Bergman J, Nordstrom A, Nordstrom P. Overestimation of the limitations
of randomized controlled trials. J Bone Miner Res 2019;34:1767—1768.

World Health Organization. ICD-10 Version: 2008. https://icd.who.int/
browse10/2008/en. Accessed 6 Apr 2022.

Dowd R, Recker RR, Heaney RP. Study subjects and ordinary patients.
Osteoporos Int 2000;11:533—-536.

Fatoye F, Smith P, Gebrye T, Yeowell G. Real-world persistence and
adherence with oral bisphosphonates for osteoporosis: a systematic
review. BMJ Open 2019;9:€6027049.

Koller G, Goetz V, Vandermeer B et al. Persistence and adherence to
parenteral osteoporosis therapies: a systematic review. Osteoporos Int
2020;31:2093—2102.

Filleul O, Crompot E, Saussez S. Bisphosphonate-induced osteonecrosis
of the jaw: a review of 2,400 patient cases. J Cancer Res Clin Oncol
2010;136:1117—1124.

Khan AA, Rios LP, Sindor GKB et al. Bisphosphonate-associated
osteonecrosis of the jaw in Ontario: a survey of oral and maxillofacial
surgeons. J Rheumatol 2011;38:1396—1402.

Tennis P, Rothman KJ. Incidence of osteonecrosis of the jaw among users
of bisphosphonates with selected cancers or osteoporosis.
Pharmacoepidemiol Drug Saf 2012;21:810—817.

Jung TI, Hoffmann F, Glaeske G, Felsenberg D. Disease-specific risk for
an osteonecrosis of the jaw under bisphosphonate therapy. J Cancer Res
Clin Oncol 2010;136:363—370.

Fung P, Bedogni G, Bedogni A et al. Time to onset of bisphosphonate-
related osteonecrosis of the jaws: a multicentre retrospective cohort study.

81



350

351

352

Oral Dis 2017;23:477-483.

Otto S, Abu-Id MH, Fedele S et al. Osteoporosis and bisphosphonates-
related osteonecrosis of the jaw: not just a sporadic coincidence - a multi-
centre study. J Cranio-Maxillofacial Surg 2011;39:272—277.

Ulmner M, Jarnbring F, Torring O. Osteonecrosis of the jaw in sweden
associated with the oral use of bisphosphonate. J Oral Maxillofac Surg
2014;72:76—82.

Lo JC, O'Ryan FS, Gordon NP et al. Prevalence of osteonecrosis of the jaw
in patients with oral bisphosphonate exposure. J Oral Maxillofac Surg
2010;68:243—253.

82



Appendix 1: Supplemental Tables

83



€]

panunuoosip sem dnoas siyj} 9sneoaq Junod SIy} ur papnout jou st dnois p/3ut §°¢ 91eUOIPISLI 9 T
PIOB OIUOIPI[0Z ‘)7 ‘UIWOM ‘A DINJORIJ [BIGRLISA “1IdA (dIY [B10] ‘H, ‘91eUOIPISLI
‘Y ‘uowr ‘N ‘ueipawt ‘pawr ‘oulds Jequin| ‘ST Hoou [elowd) ‘NJ ‘oreuoydsoydsiq ‘qg ‘oreuoIpuse “Ty SuoupvlaLqqy

- ST 6- 2 pue NJ/HLSe- 010'T— M (tl) 9= o000c Q7 £918T0T PIOY
(ST/NJ4/HL
Gc
-<LJ1) ‘10A €-1 NA/HLS -5 W (99) Gg-0S 611'T Q7 291610T UU00g
aanyoeyy dig - /M (PL) oS< Let'e  QOZ £51200¢T SO[AT]
(e
-<LJ) ‘MPATIZ NAoG1-5 M (€L) 68-99 SoL‘L  O7 1912007¢ Yor[g
(1010©] YSLI [B19[9YS-UOU IS0 JI)
JuswaIImbal ou 10 (Wo T°TIZ YISU9[
sixe-diy J1) NJ €-5 10 b- 5 :g dno.p
(10308} YSLI [B13[3S (€8) 0g= :¢ dnoin
- -uou 1) N €-5 10 N V-5 :1 dnoup M (YL) 04z :1 dnoip 1€€6 19 001100 SUN[DON
(=) 1A - M (1) 6gs %918 ™ 6510003 I9]1SUIZY
(1) "MBA ("319A T J1 paanba) ST - S M (69)S8s LIb9T ™ gs16606T SLLIR]
- ST13e-5 M (€9) ¥8-6€ Q06T TV 1516661 s[od
*1I9A ON NA9TI-5S M (89) 08-S et TV 9uQ66T sSurmmn)
1I9A T2 NA9TI-S M (1£)18-SS  Lgoc TV 5519661 Yorlg
Axoysty 9I00S-], X3S (‘paw/ueown) Iy N d4g ApmsS
danjoerj

soreuoydsoydsiq uowruod 1sow € a3 JO S[eL1} 1s931e] 01 ay} Jo uondLsa( 1 J[qe], [erudwd[ddng



g8

“ Aoed1yJo 0} anp AJIes paddols sem [eLI} SIY L,
PIo® OIUOIPI[0Z ‘07 91BUO0IPISHI ‘TY ‘o1euoydsoydsiq ‘dd ‘91eUOIPUS[R “TY :SUOLDIN2.LQQY

9 oz £918TO0C PIY
QK4 oZ 21310T UBU0OY
(x6'1) 07/ £61200¢ SO[A']
(e oz 101Z00g YOr[d
AMNV € Id o91I00C wﬁzﬁuoz
()€ M 65:000g I9ISUISY
()¢ R 5516661 SLLIRH
()T v 1516661 S[0d
(e) v 9518661 sSurmwin)
(6'3)5€ i\ 56196061 Yor[g
(dn-mofgoj uerpaur/ueawn) £ ‘uonfean( dg Apms

soreuoydsoydsiq uowrwod 3sow € 33 JO S[eLI} }1s9S.1e] OT 911 Jo uonein( *s Jqe L (eruduw[ddng



98

¢ dnouix) 10 partodar sem onel paezey oN ‘T dnous) I0j St onjel prezey Sy, L

(2°'1-9'0) 8'0 :g dnoiy *(6°0-t°0) 9°0 :1 dnoiy ‘paurquod sdnoid Apnis Y1oq 10J SI O1jel pIezey STy L,

Proe O1u0Ipa[0Z ‘7 ‘INJORIJ [BI(SLISA

“LI9A {91BUOIPISII ‘TY ‘aanjoedj [eIgalioA oupwoydiow 1194 ‘ydiow oyeuoydsoydsiq ‘dg ‘9reuolpusfe Ty suoynlaaLqqy

(68°'0-15°0)99'0 (06°'0-09°0) €40  (91'1-L3°0)99'0 (G4'0-g8T'0) IV°0 - 0Z £91QT0T PIOY
(0'2-2'0)9'0 (S 1-2'0)9'0 - (€-€-00) €0 (oL'0-91'0) €E€'0  0OZ 201¢10T UaU00yg
(86'0-SG'0) €L'0 (¥g'0-05'0)S9'0  (6T'T-1V'0) 0L'0 (26°0-2€°0) V50 - 0OZ £61Z00G SO[AT]
(Lg'0-¥9'0) SL'0  (LL°0-89°0) L9'0 (€gQ'0-ct'0) 6G'0 (L€0-P1'0) €20 (g€ 0-F2'0)0C0 (OZ 1912003 Yor[g
1(01-L'0) 80 - «(6°0-9°0) L0 - - g 001100 SUN[DON
(bo1-¥¥'0) Lo0 - - - (€L'0-9€0)150 ¥ 6510003 I9]1SUIZY
(¥6°0-6€'0) 090 - - - (eg'0-€t'0)65°0 19 gs1666T SLLIRH
(06°0-0¢'0) €S'0 - - - - TV 1516661 s[od
(vo1-vL'0)gg'0 (10°1-€4'0)98'0 (VP1-EF°0) 640 - (08°'0-6£'0)95'0 TV  ¢si866T s3urwn)
(T0°'1-€9'0) 08'0  (06°0-85°0) 2’0 (66°0-€2°'0) 6%'0 (Tl 0-LT'0) SV'O (89'0-1'0) €S0 TV 5519661 Yorg
*MIPA-UON [eorurp Auy dig 3194 eorur) ‘1RA ydiow  d9 Apmg

([eAIUI IOUIPLJUOD 9%S56) oned paezey

soreuoydsoydsiq uowrwod 1sow ¢ 3} JO S[eLI} }Sa31e] OT 9] Ul SaIN}oeL) U0 S0y *€ I[qe], [erudwdddng



L8

PIoe o1u0IPa[0Z ‘07 ‘91eu0Ipasll ‘Ty o1euoydsoydsiq ‘dd ‘91euoIpus[e “Ty :Suounia.Lqqy

QUON (074 €91810¢ PIOY
€0 S UOTIOIRJUL [RIPIRIOAIN
T'IT  6°0%T BIS[RIYLIY
v  6€r ayoepeaH
8¢ ¢€Pe BIXQIA]
vy €ve BIS[RAIN
swojdwAs uoIsnjur-1soq 0Z 20r610G UU00Y
6°0 69 BIXQIA]
60 1€ BIS[RAIN
swoldwAs uorsnjur-1sog 0oZ £51200¢ SO[AT]
LT €€ SIIALOUN[UO0D AJUTRW ‘SIUSAS JR[NO0 AIOJRUIWIR[JU]
00 €1 [/[ow S£0°g> WNIO[RD WILIdS JUSISURL],
o [ [P/Sw §°0< 9UIUIIBAIO WINISS Ul 9SBAIIUL JUSISURL],
go €1 UONIB[[LII [BLI}R SNOLIDS
€¢ 69 BIWIAYLIY
29 O1¢ swojdwAs uoIsnjur-1soq 07 1912003 Yor[g
QUON IR 001100 SUN[DIN
QUON IR 6510003 I9]1SUIZY
QUON IR gs1666T SLLIRH
QUON v 1516661 s[od
QUON v 0518661 sgururmny)
QUON v 55196061 Yor[g
oqaoe[d dd $193}J9 9SI2ApE paldadsng dd ApmiS

(%) PouoppPU]

sojeuoydsoydsiq uowwod 1SoW ¢ 33 JO S[BLI} }S9S.1.] OT 9] UL S109JJ0 9sIoApe paroadsng ¥ apqe], [erudwdddng



Supplemental Table 5. Confounders used in Studies 1-4

Confounder

Study

3*

Demographics

Age

Sex

Diagnoses

Angina pectoris

Arteriosclerosis

Asthma

Atrial fibrillation/flutter

Cancer

Crohn’s disease

Chronic kidney disease

Chronic obstructive pulmonary disease
Dementia

Depression

Diabetes

Fracture

Heart failure

Hypercalcemia
Hypercholesterolemia/hyperlipidemia
Hyperparathyroidism
Mental/behavioral disorder due to alcohol use
Myocardial infarction

Osteogenesis imperfecta
Osteomalacia

Osteomyelitis

Osteoporosis

Paget’s disease of bone

Psoriasis

Renal/kidney failure

Rheumatoid arthritis

Solid organ transplantation

Stroke

Ulcerative colitis

Medications and other treatments
Antidiabetics

Antithrombotics

Calcium and vitamin D

Chemotherapy

Denosumab
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Study

—+

Confounder 1 2 3*

Dialysis

Glucocorticoids X
Immunosuppressants

Lipid-lowering agents

Parathyroid hormone

Radiotherapy

Raloxifene

Strontium ranelate

Socioeconomics

Disposable income

Early retirement X
Educational attainment X
Foreign background#

Homemaker care service

Marital status X
Nursing home X

X =
> > el e

MO R

Abbreviations: E, exclusion criteria; X, controlled for by matching or regression
*Study 3 included additional confounders: pathologic hip fracture, immobility
prior to hip fracture, length of hospitalization, type of hip fracture, type of hip
fracture surgery, walking aid, walking ability, and physical status (according to
American Society of Anesthesiologists Physical Status score).

tStudy 4 included one additional confounder: type of hip fracture surgery
*Foreign background was defined as being foreign born or having two foreign
born parents
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Appendix 2: Fragility Fracture Trial

CLINICAL TRIAL PROTOCOL

The Fragility Fracture Trial (FFT): A randomized,
double-blind,  placebo-controlled trial to
investigate whether zoledronic acid prevents new
fractures in older adults with a recent non-hip,
non-vertebral fragility fracture

EudraCT number: 2019-004766-17
Version number: 8
Date: 2022-03-24
Authors: Jonathan Bergman
Peter Nordstrom
Sponsor/Coordinating Peter Nordstrom
Investigator:
Funding: Swedish Research Council

This protocol was developed to comply with the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) guideline (BMJ
2013;346:e7586). The protocol is based on a template of the National QA
Network at Clinical Studies Sweden (https://gothiaforum.com/mallar-
%C3%B6r-planering-och-genomf%C3%B6rande-av-kliniska-studier).

1(84)



Study Name: Fragility Fracture Trial
Version No: 8

Date: 2022-04-28

EudraCT No: 2019-004766-17

Contents
SIENATUTE PAZE....eeerrriiii e 5
Protocol Revision HiStOry .........uiiiiiiuiiiiiiiiiieeciiie e 6
Contributions and Contact Information..............cceeveieiiiiiiniiinneeennnnn. 14
Roles and Responsibilities .........ccevveerrrmmiiiiieiiiiiiiiiie e 15
Acronyms and AbDIEVIAtIONS ..........cevrrruuiiieeeeeieriiniia e e 17
1. SYNOPSIS. e iiiiiiiiiiiiiiee ettt 18
2. INtrodUCHION ..o 19
3. ODJECHIVES .o 22
3.1. Primary ObjJecCtiVe .........ccooiiiiiiiiii e 22
3.2. Secondary Objectives.........ccovvviiiiiiiiiiiiiiiii 22
3.3. Exploratory objectives...........coovvviiiiiiiiiiiiiiiiiiiiii 23
I =1 I =] T | o 24
5. Eligibility Criteria..........oooooiiio 26
5.1. InClusion Criteria..........ooevviriiiiiiiiiiiiiiiiieeeees 26
5.2, EXCIUSION Criteria.......cccvvvviiiiiiiiiiiiiiiiiiiiiieeie 28
6. Investigational Products .............cccoei 29
6.1. Discontinuation of treatment ...............cccccoeiiiiiiii 31
6.2. Concomitant medications..............cccccviiiiiiiiiiiiiiee 31
7. OULCOMES ...t e e 32
7.1. Primary OULCOME.......cieiiiiiiiiice e 32
7.2. Secondary OULCOMES ..........uueieiieeriiiiiiiiiieee e e e e e 32
7.3. Exploratory outcomes ...........c.ceeiiiiiiiiiiiiceee e 34
7.4. Safety OUtCOMES ......oooiiiii 35



Study Name: Fragility Fracture Trial
Version No: 8

Date: 2022-04-28

EudraCT No: 2019-004766-17

8. Safely oo 36
8.1. AdVErse EVENLS .......ccoviiiiiiiiiiiiiiiiieieee 36
8.2. Serious adverse events............cevvvveieiiiiiiiiiiiiiiiiiiiiiis 38
8.3. Adverse drug reactions ............cooevieeiiiiiiiiiie e 38

8.4. Unexpected and serious unexpected adverse reactions ...39

8.5. Development Safety Update Report..........cooovvvvvvvivveennnnene. 39
9. Participant Timeline ... 40
10. Treatment Allocation and Blinding ...........ccoovvviiiiiiiiiiiiiiiiennnn. 43
11. Recruitment, Pre-Screening, and Exclusion .......................... 45
12. Data ColleCtion ..........oeevviiiiiiiiiiiiiiiiiiiiieeeeeeeees 47

12.1. Participant identification codes...........cccocooeiiiiiiiiienne. 47

12.2. Patient list, pre-screening log, and electronic case report

fOrmM (ECRF) ..o 47

12.3. Biological SPECIMENS .........uuuuumiiiii s 48

12.4. DOCUMENtAtION.......uuiiiiiiii s 49

12.5. Data management ...........ccoeiiiiiiiiiiiic e 49
13. Statistical ANalySis.........ccuuiiiiiiiiiiiie 50

13.1. Description of recruitment process...........ccccevvvvvueeeeenn.n. 50

13.2. Baseline characteristiCs ..............ccccciiiiiiiiiiiiiicee 51

13.3. Analysis of investigational products..............cccccveeeeen. 54

13.4. Analysis of FOllOW-UP ......ovveiiiiiiiiiiiccee e, 55

13.5. Analysis of concomitant medications...............ccccccvvvnnees 56

13.6. Efficacy analysis .........c.oveeiiiiiiiiic e, 56

13.7. Safety analysis.........oooeuiiieiiiiiii e, 58

13.8. Subgroup, sensitivity, and exploratory analyses.............. 59

13.9. Interim analySiS .......coooeiiiiiii e 60



Study Name: Fragility Fracture Trial
Version No: 8

Date: 2022-04-28

EudraCT No: 2019-004766-17

13.10. Sample size and power calculations ............ccccccceeee. 61
14. Monitoring, Inspection, Deviation, and Early Termination ...... 63
141, MONIOING .. 63
14.2. INSPECHION . .covie e 64
14.3. Deviations and serious violations ..................eeeeeeiiinnennnnes 64
14.4. Early termination ... 64
15, EEICS oo 65
15.1. Compliance with the protocol, GCP, and regulations ...... 65
15.2. Research ethics approval............ccooeiiiiiiiiiines 65
15.3. Protocol amendments ...........eeeeuiiiiiiii 65
15.4. Informed consent ... 66
15.5. Medical record registration...............cccuuveeemiieeiniiiiiinenns 67
15.6. INSUFANCE ... 68
15.7. Confidentiality .........ccoovmmiiiiiii i 68
15.8. Conflicts of interest ..........ccovveeiiiiii 68
15.9. Post-trial Care.........ccccoviiiiiiiii 68
15.10. DAt @CCESS .....uuuuiiiiiiiiiiiii s 69
16. DiSSemMINAtioN.........coeiiiiiiiiiiiiiiiiiiee e 69
17. Risk-benefit evaluation ..............cccoiiiiiiiiii, 71
18. REfErENCES ... 74
19. Appendix 1: Sample Size Calculation................ccooevvineeenrenn. 82
20. Appendix 2: Sample Sizes Under Varying Assumptions......... 84

4 (84)



Study Name: Fragility Fracture Trial
Version No: 8

Date: 2022-04-28

EudraCT No: 2019-004766-17

Signature Page

Sponsor/Coordinating Investigator

As sponsor and coordinating investigator, I am aware that [ am
responsible for ensuring that this protocol includes all essential
information for the conduct of the trial. I agree to conduct the trial
in compliance with this protocol, the Declaration of Helsinki, ICH
GCP (International Council for Harmonization, Good Clinical
Practice), and Swedish and European Union regulations.

I will submit this protocol and all other essential study-related
documents to the principal investigators and other staff involved in
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possibly inspected by the Swedish Medical Products Agency.
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Peter Nordstrom
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Protocol Revision History

Date Version | Main revisions

2020- 1

04-28

2020- 2 Sections 7.3 and 9: Data on physical
10-04 activity and hand grip strength will be

collected at all study centers, not just at
those that currently have access to the
necessary equipment.

Sections 3.3, 7.3, 9, and 13.6: Health-
related quality of life outcomes have been
added.

Section 3.3: The exploratory objective of
comparing the effects of one versus two
infusions has removed, as such an analysis
may be biased when it is based on a
comparison of more and less adherent
participants.

Section 3.3: An exploratory objective has
been added to investigate a possible
interaction effect between zoledronic acid
and FRAX score.

Sections 7.1-7.2: Non-vertebral fracture
has been added as a secondary outcome.
The outcome of fall without fracture has
been redefined to include only falls from
standing height or less. International
Classification of Diseases (ICD) codes
have been included for all primary and
secondary outcomes.

Sections 5.1 and 13.2: The definition of
fall from standing height or less has been
specified with ICD-10 codes. Falls on
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stairs or steps have been excluded from the
definition.

Section 9: All baseline testing has been
moved to the screening visit so that
baseline data will be collected for all
patients who provide written informed
consent, instead of only for those who are
eligible and randomized. This change also
simplifies the randomization visit.
Similarly, all testing at Visit 2 (time of
second infusion) has been moved to Visit 1
to simplify Visit 2 and to ensure that
follow-up data are collected for patients
who withdraw from the study because of
ineligibility for the second infusion.
Section 9: Renewal of vitamin D
prescriptions may be done at every follow-
up contact. Each investigator will decide
whether a participant has taken enough
monthly vitamin D not to require a second
loading dose of vitamin D.

Section 13.6: The treatment-by-baseline
value interaction terms have been removed
from the analysis of covariance models, as
their inclusion is not customary.

Section 13.7: Post-infusion symptoms
occurring <3 days after each infusion will
be reported.

Section 13.1: The reporting of the
recruitment process has been expanded.
Section 6.1: Premature unblinding will not
lead to automatic discontinuation of
treatment.

Sections 10 and 15.9: Participants will be
informed of their treatment assignment
when they complete follow-up or when
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they withdraw from the study, instead of at
the end of the Main Phase of the trial,
which may be two years later.

Sections 9 and 15.4: Participants will have
the option of letting a next of kin act as a
proxy respondent in follow-up interviews if
the participant is unable to respond himself
or herself.

01-15

2021- 3

Section 4 and 17: The start of the trial has
been delayed.

Sections 4 and 9: The End of Trial has
been redefined as the 10-year registry
follow-up.

Section 5.1: An inclusion criterion has
been added to ensure that principle
investigators are authorized to verify self-
reported outcomes through medical
records.

05-06

2021- 4

Sections 6 and 9: Monthly vitamin D will
not be prescribed. Instead, all participants
will receive a loading dose of vitamin D
before each infusion. Participants will also
be recommended to have a sufficient intake
of calcium and vitamin D. Participants will
not receive advice about nutrition and
exercise for preventing fractures, due to
limited evidence of effectiveness.

Section 6.1: Participants with
hypocalcemia or hypercalcemia will be
disqualified from receiving the second
infusion.
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Section 6: The ingredient list for
zoledronic acid is redundant and has been
deleted.

Sections 7.1 and 7.2: ICD-10 code TO8
has been added for vertebral fractures.
Sections 7, 9, 13.6, and 15.4: To increase
the efficiency of the study, all outcome
events will be collected through registries
and medical records, instead of through
participant interview. Participants will not
be able to opt out of the 10-year registry
follow-up, unless they withdraw from the
trial entirely. Data will not be collected
from SWEDEHEART, the Swedish Stroke
Register, or the Swedish Cancer register, as
data on myocardial infarction, stroke, and
cancer are all available from the National
Patient Register.

Section 7.2 and 13.6: Falls will be
analyzed as a time-to-event outcome, since
registry-data provide exact dates of falls.
Sections 9 and 15.4: Participants who
develop cognitive or physical disabilities
that prevent continued in-person follow-up
or telephone interview will be followed-up
through registries and medical records
only. Next of kin will not be interviewed.
Section 11: The routines for excluding
participants during the trial have been
clarified.
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Section 7.4: Possible cases of atypical
femoral fracture or osteonecrosis of the jaw
will be verified by medical record review.
ICD-10-SE codes have been included for
pre-specified safety outcomes. Serious
atrial fibrillation has been removed as a
safety outcome, as data on adverse event
severity will not be collected. The five
different post-infusion symptoms have
been collapsed to one safety outcome.
Section 8.1: It has been clarified that
actions taken in response to adverse events
are actions that concern the investigational
products, not other actions.

Sections 3.3, 9, 12.2, 13.2, 13.8: For
simplicity, baseline data on physical
activity will not be collected.

Sections 3.3, 13.2, 13.8: For simplicity, the
exploratory objective to investigate a
possible interaction effect between
zoledronic acid and the FRAX score has
been removed. The FRAX score is less
useful when, as in the current study, bone
mineral density is not assessed.

Section 13.2: The baseline variables have
been updated.

Section 13.3: The analysis of
investigational products has been
simplified.

Section 5.1: The inclusion criterion

requiring that participants consent to
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medical-record review of their self-
reported outcomes has been removed, as
this requirement is covered by the criterion
on informed consent. It has been clarified
that “age >65” refers to age at the time of
fracture.

Section 11: During recruitment, it will be
optional for investigators to follow up
postal invitations with telephone calls.
Section 7.2: Non-melanoma skin cancer
will be excluded from the cancer outcome,
so that this outcome is consistent with the
outcome in a previous trial (also see
Section 3.2).

Section 12.1: It has been clarified that
registry data will be pseudo-anonymized
using participant ID codes.

Section 16: A Clinical Trial Report will be
compiled at both the end of the Main Phase
and the end of the Secondary Phase (the
End of Trial). The main results will be
disseminated at the end of the Main Phase.
Section 4: The sponsor/coordinating
investigator will set up a Coordinating
Center.

Sections 9 and 11: Central follow-up will
not be conducted due to the risk of
logistical problems.

Section 5.1: ICD-10-SE codes have been
added for fractures.
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Section 5.2: Hypercalcemia and
malabsorption of calcium and/or vitamin D
have been added as exclusion criteria.
Sections 10 and 13: The randomization
and analysis will be stratified by study
center.

Section 9: The number of follow-up
contacts has been reduced to simplify the
trial. We do not believe this poses a safety
risk, as zoledronic acid is widely used and
participants will be able to report adverse
events by telephone throughout the Main
Phase.

Sections 7.3, 9, 13.6: Due to the reduction
in the number of follow-up contacts, the
EQ-5D-5L will be administered less
frequently.

Section 9: Participants will be given a card
with study information to carry in their
wallet.

Section 3.2: The possibility of a greater
effect on new clinical fractures in women
than in men, rather than just a difference in
effect, will be investigated.

06-24

2021- 5

Section 6.1: Adverse events should only
lead to discontinuation of treatment if the
sponsor/principal investigator so decides. It
has been clarified that premature
unblinding is not a criterion for
discontinuing treatment.
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Section 10: The procedure for emergency
unblinding has been described in greater
detail.

11-30

2021- 6

Section 15.4: Upon participant withdrawal,
all previously collected data must be
retained for archiving purposes.

Section 8.1: It has been clarified that the
definition of adverse event does not
include those events that are part of the
study’s primary or secondary outcomes.

01-31

2022- 7

Sections 5.2, 6.1, 9, 12.3, 13: Serum
calcium has been replaced with plasma
calcium (both values and reference values).
Section 8.4: The Development Safety
Update Report must be submitted to the
Swedish Ethical Review Authority.
Section 11: Randomization staff are
permitted to have contact with participants
prior to randomization.

Section 13.3: Batch numbers will be
recorded for zoledronic acid.

04-28

2022- 8

Section 9: Baseline tests do not need to be
repeated if randomization is delayed.
Sections 11, 12.2: Information about pre-
screening has been added. It has been
clarified how patient lists from the Swedish
Fracture Register will be handled.

Sections 6, 10: Ruitines for infusions have
been updated.

13 (84)



Study Name:
Version No:
Date:
EudraCT No:

Fragility Fracture Trial

8
2022-04-28

2019-004766-17

Contributions and Contact Information

Name and Contributio Contact
occupation Role ns Information
Peter Sponsor/ - Conceived - Address: Unit of
Nordstrdom, coordinating the study Geriatric Medicine,
Professor investigator - Designed = Department of
and Chief the study Community
Physician - Coauthored Medicine and
this protocol ~ Rehabilitation,
- Applied for Umed University,
funding 90187 Umea,
Sweden
- Phone: +46 70
8996599
- Email:
peter.nordstrom@u
mu.se
Jonathan Protocol - Designed - Address: Unit of
Bergman, coauthor the study Geriatric Medicine,
PhD student - Planned Department of
the statistical Community
analysis Medicine and
- Coauthored Rehabilitation,
this protocol Umeé University,
90187 Umea,
Sweden
- Email:
jonathan.bergman
(@umu.se

14 (84)



Study Name: Fragility Fracture Trial

Version No: 8
Date: 2022-04-28

EudraCT No: 2019-004766-17

Roles and Responsibilities

Role Responsibilities
Sponsor/Coordinating | - Overall responsibility for the trial,
investigator including the protocol and monitoring

plans

- Ensure that the trial follows ICH GCP,
the Declaration of Helsinki, and
regulations

- Set up a Coordinating Center

- Ensure that the trial is uniformly
conducted across study centers

- Guarantee that participants are insured
- Obtain funding

- Delegate responsibilities

- Recruit study centers (principal
investigators)

- Publish results

Principal investigators
(one per study center)

- Ensure that the trial is conducted
according to this protocol

- Ensure that participants have provided
written informed consent

- Ensure that eCRFs are complete and
accurate

- Protect the integrity and safety of
participants

- Ensure that participants get necessary
medical care

- Recruit clinical staff

- Ensure that staff are adequately
trained

Trial statistician

- Write a computer program for
generating a randomization list
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- Develop an electronic case report form
(eCRF)

- Continuously monitor incoming data
for accuracy, completeness, and
compliance with the protocol

- Conduct a blind review of the trial
database

- Report to the sponsor when the trial
database is accurate and complete

- Draft the Clinical Study Report

University Hospital of
Ume3 Clinical
Research Center

- Generate and store a randomization
list

- Monitor the trial for adherence to
GCP, regulations, and ethical guidelines
- Assist in reporting SUSARs

- Assist in writing DSURs

- Assist in developing and maintaining
the eCRF

- Assist in writing an agreement with a
pharmaceutical company

- Assist in developing a monitoring plan
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Acronyms and Abbreviations

Acronym/Abbreviation

Explanation

AE

Adverse event

COVID-19 Coronavirus disease 2019

DSUR Development safety update report

eCRF Electronic case report form

EudraCT European Union Drug Regulating
Authorities Clinical Trials Database

EQ-5D-3L EuroQol-5 Dimensions-3 Levels

EQ-5D-5L EuroQol-5 Dimensions-5 Levels

GCP Good clinical practice
International Classification of Diseases

ICD-10-SE . . . ’
10" revision, Swedish Version
International Conference/Council on

ICH Harmonisation of Technical
Requirements for Registration of
Pharmaceuticals for Human Use

ICMJE Internatlon'al Council of Medical
Journal Editors

ID Identification

SEK Swedish Krona

SUSAR Suspected unexpected serious adverse

reaction
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1. Synopsis

Background: The incidence of fracture is high among older adults,
and older adults who sustain one fracture are at high risk of
sustaining new fractures. No clinical trial has examined whether
bone-protective therapy is effective in preventing new fractures
among older adults with a recent non-hip, non-vertebral fragility
fracture, without prior measurement of bone mineral density.

Primary objective: To investigate whether zoledronic acid (a
widely used antiresorptive) reduces the risk of new clinical
fractures, as compared with placebo, in older adults with a recent
non-hip, non-vertebral fragility fracture.

Study design: 10-year, phase IV, multicenter, parallel-group,
randomized, double-blind, placebo-controlled trial. The 10 years
will be divided into a double-blind Main Phase of 4 years and an
open-label Secondary Phase of 6 years.

Study population: Persons with a non-hip, non-vertebral fragility
fracture in the past 2 years and who were aged 65 years or older at
the time of fracture. Fragility fracture is defined as a fracture
occurring after a fall from standing height or less.

Number of participants: 2900.

Investigational products: Two infusions of zoledronic acid (5 mg)
or placebo, one at baseline and one at 24 months. Prior to each first
infusion, participants will receive a loading dose of oral vitamin D
(100,000 IU or 2.5 mg).

Primary outcome: Time to first new clinical fracture.
Study period: 2021 — 2033.
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2. Introduction

About 95,000 individuals suffered a major fracture in Sweden in
2017.'2 In comparison, less than half that number, about 40,000,
suffered a stroke or myocardial infarction.! The most serious type
of fracture is the hip fracture, which is regarded as an end stage
disease because 25% of hip fracture patients die within a year.>* Of
surviving hip fracture patients, only a minority regain their pre-
fracture level of physical functioning and quality of life.’ High
mortality rates and reduced quality of life are also seen in patients
with vertebral fractures.” Thus, hip and vertebral fractures are
serious threats to the health and independence of older people.

Despite the seriousness of hip and vertebral fractures, these do not
constitute the majority of fractures, as they occur in about 28,000
persons per year in Sweden.!* Far more common are fractures of
the arm or lower leg, which occurred in about 58,000 people in
Sweden in 2017."% Furthermore, according to government data we
have on hand, individuals with a previous fracture of the arm or
lower leg have 2.6 times the risk of sustaining a fracture as do
individuals without a previous fracture. The data also show that
fractures of the arm and lower leg occur at a mean age of 71 years,
compared to 77 years for vertebral fractures and 83 years for hip
fractures. These facts suggest that health care professionals may be
able to prevent hip and vertebral fractures by targeting
interventions to older adults with a non-hip, non-vertebral fracture.

Bone-protective agents, such as bisphosphonates, are currently
available for reducing fracture risks in older adults.® However, the
efficacy of these agents after a fracture has not been studied in
clinical trials other than after a hip or vertebral fracture.” Most
trials have recruited participants on the basis of osteoporosis or low
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bone density (with or without a vertebral fracture),” but this
approach has the disadvantage that physicians often have limited
access to bone densitometry,'® which complicates treatment
decisions in clinical practice. Furthermore, many fracture patients,
especially male fracture patients, do not have osteoporosis. The
actual percentage of patients who have osteoporosis varies among
studies, but hip or spine osteoporosis (T-score <-2.5) has been
reported in 36%,!! 44%,!? and 56%'? of female fracture patients
and in 13-15%!"! and 21%'? of male fracture patients. Another
study, which examined appendicular osteoporosis (T-score <-2.5 in
the heel, finger, or forearm), showed that osteoporosis was present
in 18% of women with an osteoporotic fracture.'* Another
difficulty in fracture prevention is that health care systems often are
not organized to identify patients with osteoporosis; while fractures
are initially treated in emergency rooms and orthopedic wards,
bone densitometry is usually located in other departments (if
available at all) and primary care is often responsible for making
treatment decisions.

Given the high incidence of non-hip, non-vertebral fractures, the
high risk of recurrent fractures, and the seriousness of hip and
vertebral fractures, which occur later in life than other types of
fractures, it would be of high interest to study whether bone-
protective therapy is effective in older adults who are selected
solely for having a history of non-hip, non-vertebral fracture (that
is, without prior assessment of bone mineral density). Increased
treatment of this patient group is feasible because only around 10%
of Swedish fracture patients aged 50 or older receive treatment. !>

Zoledronic acid is a well-known and well-studied bone-protective
agent, which was approved in the European Union in 2005."7
Zoledronic acid reduces bone resorption and belongs to the
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bisphosphonate class.'® In three large clinical trials, zoledronic acid
was shown to reduce the risk of clinical fracture in women with
osteoporosis, in women with osteopenia, and in men and women
with a hip fracture.'*! Although a fourth trial conducted in men
with osteoporosis did not show a significant effect of zoledronic
acid on clinical fractures, this trial was smaller and it did show a
significant effect on radiologically detected vertebral fractures.?

The most common adverse effects of zoledronic acid are transient
post-infusion symptoms (pyrexia, myalgia, headache, arthralgia,
and influenza-like symptoms), which occur in about one third of
patients in the first 3 days following an initial infusion.!” These
symptoms are less common after subsequent infusions. !
Zoledronic acid and other bisphosphonates have been associated
with two rare but serious adverse effects: atypical femoral fractures
and osteonecrosis of the jaw.?*>** However, osteonecrosis of the jaw
does not primarily occur in osteoporosis patients but in cancer
patients, who receive much higher doses of zoledronic acid to
reduce the adverse skeletal effects of cancer (e.g., bone
metastases).®> In osteoporosis patients, the incidence of
osteonecrosis of the jaw is estimated to be 1 in 100,000 to 1 in
10,000.%* Atypical femoral fractures are also rare, and they are
typically reported after long treatment periods of 7 or more
years.?>?¢ It should also be noted that no increased risk of these
adverse events was reported in the four largest trials of zoledronic
acid that have been conducted to date 2222
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3. Objectives

3.1. Primary objective

The primary objective is to investigate whether zoledronic acid
reduces the risk of new clinical fractures, as compared with
placebo, in older adults with a recent non-hip, non-vertebral
fragility fracture.

3.2. Secondary objectives

The secondary objectives are to investigate whether zoledronic
acid, as compared with placebo:

1. has a greater effect in reducing the risk of new clinical fractures
in women than in men

2. reduces the risk of cancer

3. reduces the risk of cardiovascular disease (stroke or myocardial
infarction)

4. reduces the risk of death

5. reduces the risk of falling

Although it is conventional to designate subgroup analyses as
exploratory, we designated the subgroup analysis by sex as a
secondary objective because no clinical trial has shown that bone-
protective therapy significantly reduces clinical fractures in men.
This fact may explain part of the low rates of osteoporosis
treatment in men.'%?” Cancer was selected as a secondary outcome
to confirm the results of a phase IV trial, which showed a
significant reduction in cancer (a pre-specified safety outcome,
excluding non-melanoma skin cancer) in osteopenic women treated
with zoledronic acid.?! Cardiovascular disease was selected
because both clinical trial data and observational data have
suggested that bisphosphonates protect against stroke and
myocardial infarction.?!?®3* Death was selected to confirm the
results of a phase III trial that demonstrated significantly reduced
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mortality in hip fracture patients treated with zoledronic acid.?’
Falling was selected as an outcome to confirm the results of two
trials, one of denosumab and one of zoledronic acid, which showed
significant reductions in falls.?%3!

3.3. Exploratory objectives

The exploratory objectives are as follows:

1. To investigate whether the effect of zoledronic acid on new
clinical fracture decreases with age

2. To investigate the time-to-onset of effect of zoledronic acid on
clinical fractures

3. To investigate whether zoledronic increases muscle strength, as
compared with placebo

4. To investigate whether zoledronic acid reduces height loss, as

compared with placebo

5. To investigate whether zoledronic acid improves health-related
quality of life, as compared with placebo

6. To investigate whether zoledronic acid reduces the risk of
death, cancer, clinical fractures, falls, and cardiovascular
disease, as compared with placebo, over 10 years

Efficacy by age was selected as an exploratory objective because
some researchers suggest that bone-protective therapy is less
effective in the oldest age groups, perhaps because the high
incidence of falls in these groups offsets beneficial skeletal
effects.’>** Low treatment rates of osteoporosis have also been
observed in the oldest age groups.** Muscle strength is included as
an explanatory outcome because this is a possible mechanism for a
beneficial effect of zoledronic acid on falls. Such a mechanism is
supported by the known crosstalk between osteocytes and muscle
cells, which is mediated by pathways influenced by bone-protective
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agents.>> Height loss was selected because it reflects efficacy in
reducing vertebral fractures. Height loss was designated as an
exploratory outcome because it will only be assessed halfway
through the Main Phase but not at the end. A reduction in height
loss with zoledronic acid was observed in two previous trials of
zoledronic acid.'®?! Health-related quality of life will be used to
assess whether participants perceive any health benefits from
zoledronic acid treatment. Health-related quality of life outcomes
were specified in the protocol of three previous trials of zoledronic
acid.?®2? The results of one of these trials have been published,
and these showed a significant improvement in the EuroQol-5
Dimensions-3 Levels (EQ-5D-3L) visual analogue scale, in which
respondents rate their overall health on a scale from 0 to 100 (from
worst to best imaginable health). An improvement was not,
however, observed in the EQ-5D-3L summary score of the 5
dimensions.*

4. Trial Design

The study will be a 10-year, phase IV, multicenter, parallel-group,
randomized, double-blind, placebo-controlled trial. The 10-year
follow-up period will be divided into a double-blind Main Phase of
4 years, followed by an open-label Secondary Phase of 6 years.
During the Main Phase, participants will actively participate in the
study by receiving investigational products and by being followed-
up through study contacts (telephone interview and in-person
visits). A 4-year duration was selected because this is anticipated to
capture the greatest anti-fracture efficacy of 2 infusions of
zoledronic acid administered at baseline and at 24 months (see
Section 6). The Secondary Phase will be a 10-year follow-up
through registries and medical records, without study contacts.
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The trial will be multicenter so that a sufficient number of
participants can be recruited. Study centers (one per principal
investigator) will be located in major hospitals in Sweden. We
anticipate that approximately 10 centers will be needed. The
sponsor/coordinating investigator will also set up a Coordinating
Center. A parallel-group, randomized, and double-blind design was
selected to enable the study to produce substantial confirmatory
evidence of efficacy. The trial will be placebo controlled because
there is currently no standard treatment for fracture patients who do
not have a hip or vertebral fracture and who have not undergone
bone densitometry.

The study is anticipated to take 12 years to complete (2021 —
2033). Participants will be recruited during the first 2 years. The
following 4 years will be spent completing the Main Phase for each
participant. The final 6 years will be spent completing the
Secondary Phase for each participant. The End of Trial is defined
as the date when registry data are obtained for the 10-year follow-
up (that is, 10 years after the last participant has been recruited).

The initial plan was to start enrolling participants in the first quarter
of 2021. This start has been delayed until the second half of 2021.
The start may be delayed further if the sponsor considers
participant enrollment to be unsafe due to the coronavirus disease
2019 (COVID-19) pandemic, which broke out in 2020 (see Section
17).
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5. Eligibility Criteria

5.1. Inclusion criteria

To be included in the trial, patients must meet all of the following
criteria:

1. Willing and able to provide written informed consent

2. Ambulatory (i.e., able to walk without the assistance of another
person; canes, walkers, and other assistive devices are
permitted)

3. Community dwelling (i.e., living in own home or with friends
or relatives)

4. Sustained a non-hip, non-vertebral fragility fracture in the past
2 years

5. Age >65 years at the time of fracture

Fragility fractures are defined as fractures occurring after a fall
from standing height or less.'” In particular, these falls include the
following International Classification of Diseases, 10" Revision,
Swedish Version, (ICD-10-SE) codes:

1. Fall on same level involving ice and snow (W00)

2. Fall on same level from slipping, tripping and stumbling
(Wo1)

3. Other fall on same level due to collision with, or pushing
by, another person (W03)

4. Fall while being carried or supported by other persons
(W04)

5. Other fall on same level (W18)
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If the type of fall is unknown, it will be assumed not to have
occurred after a fall from standing height or less.

Non-hip, non-vertebral fractures will include all fractures other
than of the face, skull, hands, and feet, as these are not generally

considered osteoporotic.'” In particular, the following fractures will
be included (ICD-10-SE):

1. Ribs/sternum/bony thorax (522.2-S22.8)
2. Pelvis (S32.1-S32.5)

3. Shoulder/upper arm (S42)

4. Forearm (S52)

5. Femur, excluding hip (S72.3-S72.4)

6. Lower leg (S82)

The limit of no more than 2 years since the fracture is based on two
considerations. First, the risk of sustaining a new fracture is highest
soon after the initial fracture.>”*® Therefore, we expect zoledronic
acid to have the greatest effect if it is administered as soon as
possible. However, setting a short time limit would reduce the
number of potentially eligible participants, making the trial more
difficult to carry out. Therefore, the second consideration is that the
time limit should not be set too short for pragmatic reasons.

A minimum duration between time of fracture and time of
recruitment has not been set, because no delay in fracture healing
was observed in a phase III trial of zoledronic acid in hip fracture
patients.?”
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5.2. Exclusion criteria

Patients will be excluded from the trial if they meet any one of the
following criteria:

1. History of hip fracture or vertebral compression fracture
Undergone bone density scanning since the fragility fracture

3. Severe renal impairment (estimated glomerular filtration rate of
<35 ml per minute per 1.73 m? of body surface area)

4. Remaining life expectancy of <I year, according the
investigator’s judgement

5. Hypocalcemia/hypercalcemia (plasma calcium <2.15 or >2.50
mmol/L)

6. Sarcoidosis (contraindication for vitamin D)

7. Previous use of bone-protective drug (e.g., bisphosphonate,
teriparatide, denosumab, raloxifene, or strontium ranelate;
calcium and vitamin D are acceptable)

8. Use of systemic glucocorticoids at a dose of >5 mg
(prednisolone or equivalent) for >3 months in the past year

9. Malabsorption of calcium and/or vitamin D (e.g., due to gastric
bypass)

10. Other medication or medical condition for which bone-
protective therapy is indicated (e.g., bone metastases or use of
aromatase inhibitor; osteoporosis is permitted)

Patients with a hip or vertebral fracture will be excluded because
these patients should receive bone-protective therapy according to
current Swedish national guidelines.> Patients who have
undergone bone density scanning will be excluded because the
inclusion of these patients might skew the study population toward
low-risk patients who do not qualify for treatment according to
current guidelines, which would reduce the statistical power of the
trial.
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6. Investigational Products

Zoledronic acid (5 mg) or placebo (normal saline) will be given as
a 15-minute intravenous infusion at baseline and at 2 years. Each
infusion will contain 6.25 ml of zoledronic acid concentrate or
normal saline diluted in 100 ml of normal saline. A flush of 3-5 ml
of normal saline will be given before administration, resulting in a
total of ~110 ml of intravenously infused fluid. See Section 10 for
more information on the administration of infusions.

Zoledronic acid can cause post-infusion symptoms (pyrexia,
myalgia, headache, arthralgia, or influenza-like symptoms) within
the first 3 days.!” Participants will be informed that these symptoms
may be uncomfortable but are not dangerous and can be eased with
paracetamol.

To prevent hypocalcemia, all participants will receive a loading
dose of oral vitamin D (100,000 IU or 2.5 mg) before each
infusion. The first loading dose will be taken 1 to 4 weeks before
the first infusion, but the second loading dose will be taken on the
same day as the second infusion, as the risk of hypocalcemia will
be lower if the first infusion was administered without causing
hypocalcemia. Participants will be recommended to have a
sufficient daily intake of calcium (>1 g/d) and vitamin D (>20 pg
or 800 IU/d) throughout the Main Phase, and they will be reminded
of this before the second infusion.

In two previous trials, a loading dose of vitamin D was given only
before the first infusion of zoledronic acid or placebo.?*?! In the
first trial, the loading dose of 50,000-125,000 IU was followed by
daily vitamin D and calcium supplements.?’ In the second trial, a
loading dose of 100,000 IU was followed by monthly vitamin D

29 (84)



Study Name: Fragility Fracture Trial
Version No: 8

Date: 2022-04-28

EudraCT No: 2019-004766-17

supplements (with a recommendation for a calcium intake of >1
g/d).?! A third trial used no loading dose but provided daily calcium
and vitamin D.'” We believe that a loading dose of 100,000 U
before each infusion will be sufficient to prevent hypocalcemia,
with little or no additional benefit of continued vitamin D
supplementation. There is also evidence that high doses of vitamin
D increase the risk of falls and fractures.*

The above-mentioned dose and administration route for zoledronic
acid were selected based on the design of previous phase III trials
and on standard use in clinical practice.!”!>?° The treatment
interval of 2 years is not standard, however, as 1-year intervals
were used in the phase III trials and are commonly used in clinical
practice.!”!?* Our decision to extend the treatment interval is
based on evidence from a phase IV trial that found similar efficacy
with an 18-month treatment interval.! A smaller trial also
demonstrated that the effect of zoledronic acid on bone mineral
density peaks at least 24 months after an initial infusion.*!
Furthermore, a post-hoc analysis of two large clinical trials
demonstrated similar reductions in clinical fractures in patients who
had received only 1 instead of 3 infusions of zoledronic acid.*?
Based on these findings, we expect a 24-month interval to be
optimal.

Zoledronic acid and placebo must be stored securely, meaning that
it is accessible only to authorized persons and that it is kept in the
conditions specified in the Summary of Product Characteristics.
The drugs may only be used for the purposes specified in this
protocol. At the end of the study, any remaining products will be
handed over to pharmacies for destruction. A Drug Accountability
Log will be used to follow the pathway of the study medications
throughout the study.
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6.1. Discontinuation of treatment

The investigators and the sponsor can at any time decide that a
participant should not receive the second infusion due to, for
example, adverse events. A participant will be automatically
disqualified from receiving the second infusion if any one of the
following criteria is met:

1. Wish of participant
2. Decision of sponsor/principal investigator due to adverse
event

3. [Initiation of bone-protective therapy (other than the
assigned investigational product)

4. Severe renal impairment (estimated glomerular filtration
rate of <35 ml per minute per 1.73 m? of body surface area)

5. Hypocalcemia/hypercalcemia (plasma calcium <2.15 or
>2.50 mmol/L)

6. Decision of sponsor/principal investigator for other reason

It should be noted that premature unblinding is not a criterion for
discontinuing treatment. A participant’s follow-up will continue
even if treatment is discontinued, unless the participant wishes to
withdraw from the study.

6.2. Concomitant medications

The use of non-investigational bone-protective medications during
follow-up will be assessed. The use other medications will not be
assessed, because this is a post-marketing trial and no adverse drug

interactions are known to exist.!”
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7. Outcomes

7.1. Primary outcome

Due to the high clinical relevance of most fractures, the primary
outcome will be time to first new clinical fracture. Clinical fracture
will be defined as any fracture that comes to medical attention,
excluding fractures of the facial bones, skull, hands, and feet,
which are not generally considered osteoporotic.'® For the same
reason, pathological fractures (e.g., due to cancer or osteomyelitis)
will be excluded. High-energy fractures will be included because

these are also associated with low bone mineral density.'!*

Fractures will be traced centrally by the sponsor through the
National Patient Register using ICD-10-SE codes S12-S52, S72,
S82, M48.5, M49.5, M80.0A, M80.0J, M80.0K, and T08. The
National Patient Register records all diagnoses made in inpatient
care in Sweden since 1987 and all outpatient secondary (i.e., non-
primary) care since 2001.** Data on fractures will also be collected
locally at each study center using medical records and the Swedish
Fracture Register (same ICD-10-SE codes as above). Fractures
identified through registers will be verified through medical
records.

7.2. Secondary outcomes

The secondary outcomes are as follows (ICD-10-SE):

1. Time to first non-vertebral fracture (S22.2, S22.3, S22 .4-
S22.8, S32.1-S32.5, S42, S52, S72, S82)

2. Time to first new non-hip, non-vertebral fracture (S22.2-
S22.8, S32.1-S32.5, S42, S52, S72.3-S72.4, S82)
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3.
4.
5.

Time to first hip fracture (S72.0-S72.2)

Time to first new forearm fracture (S52)

Time to first clinical vertebral fracture (S12, S22.0, S22.1,
S32.0, M48.5, M49.5, M80.0A, M80.0J, M80.0K, T08)
Time to death

Time to first new cardiovascular event (stroke or
myocardial infarction) (121, 160-164)

Time to first new cancer diagnosis, excluding non-
melanoma skin cancer (C00-C43, C45-C97)

Time to first fall from standing height or less (W00, W01,
W03, W04, W18) not resulting in fracture

Hip fractures are included among non-vertebral fractures, and

forearm fractures are included among non-hip, non-vertebral
fractures. However, hip fractures and forearm fractures will also be

assessed separately because these are common and classic

osteoporotic fractures.

Fractures, myocardial infarction, stroke, cancer, and falls will be
traced through the National Patient Register using the above-
mentioned ICD-10-SE codes. Fractures will also be traced through
medical records and the Swedish Fracture Register (same ICD-10-
SE codes). Deaths will be identified centrally by the sponsor
through the Swedish Cause of Death Register*’ and locally at study
centers through medical records and reports from family members.

Apart from fractures, the secondary outcomes will not be verified
through medical records, so that the burden on investigators is

reduced.
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7.3. Exploratory outcomes

Four exploratory outcomes will be assessed:

1. Change in body height (cm) from baseline to 24 months

2. Change in non-dominant hand grip strength (kg) from
baseline to 24 months

3. Change in EQ-5D-5L summary score from baseline to 24
and 48 months

4. Change in EQ-5D-5L visual analogue scale from baseline
to 24 and 48 months

Body height (without shoes) will be measured in centimeters using
stadiometers at baseline and at 24 months. Hand-grip strength will
be measured in kilograms using dynamometers. Each participant
will make two attempts, and the maximum value will be analyzed.
Values will be rounded to one decimal place. These outcomes will
not be assessed at 48 months because the last follow-up visit will
be a telephone interview instead of a physical visit due to budget
constrains (see Section 9).

The EQ-5D scale will be used to assess health-related quality of
life because it is short, generic (rather than disease-specific), and
widely used. Two previous trials of zoledronic acid used the 3-level
version the EQ-5D (i.e., the EQ-5D-3L).%2*® We will use the 5-
level version (EQ-5D-5L) so that smaller differences in patient-
reported health status can be detected. The summary score will be
derived from the Swedish Time Trade-off, experience-based value
set.*® The term “experience-based” refers to the instruction that
respondents rate their current health state, rather than a hypothetical
health state.*® Both the summary score and the visual analogue
scale will be rounded to 2 decimal places.
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7.4. Safety outcomes

Based on previous trials of zoledronic acid and the Summary of
Product Characteristics of Aclasta, the brand name of zoledronic
acid,'”1°! the occurrence or worsening of the following pre-
specified safety outcomes will be assessed:

1. Post-infusion symptoms (T88.7)

2. Osteonecrosis of the jaw (K10.2)

3. Osteonecrosis (avascular necrosis) not of the jaw (M87)
4. Atypical femur fracture (S722-S724)

5. Atrial fibrillation (148)

6. Re-operation of fracture

7. Delayed fracture healing (M84.2)

8. Renal failure (N17-N19)

9. Hypocalcemia (E835)

10. Ocular event (H10-H22)

During the Main Phase of the trial, data on safety outcomes will be
self-reported, and investigators will ask only open-ended questions
about adverse events (see Section 8). The above-mentioned ICD-
10-SE codes will be used to trace adverse events in the Swedish
National Patient Register at the 10-year follow-up. Medical records
will be examined to assess whether femur shaft fractures have
atypical features and whether an inflammatory conditions of the
jaw are cases of osteonecrosis of the jaw. These assessments will
be made by physicians who are blind to treatment assignment.
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8. Safety

8.1. Adverse events

An adverse event will be defined as is done by the International
Council/Conference on Harmonisation of Technical Requirements
for Registration of Pharmaceuticals for Human Use (ICH):*’
Any untoward medical occurrence in a patient or
clinical investigation subject administered a
pharmaceutical product and which does not
necessarily have to have a causal relationship with
this treatment.

However, the following events will not be considered adverse
events, as they are primary or secondary outcomes:

1. Fractures (apart from atypical femur fractures, which are
adverse events)

2. Myocardial infarction

3. Stroke

4. Falls (fall-related injuries are adverse events, however)

Of note, deaths (and their causes) are will be considered adverse
events, although death is also a secondary outcome.

Participants will be inquired about adverse events at study contacts.
The questions will be open-ended, instead of directed at particular
events. Participants will also have the possibility of reporting
adverse events by telephone between the scheduled contacts.
Participants who withdraw will be asked if they wish to report
adverse events before they formally withdraw.

The following information will be collected about adverse events:
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1. Description (free text or pre-specified text [see Section 7.4])

2. ICD-10 code (if available)

3. Duration (start date and, if applicable, stop date)

4. Causality (suspected/not suspected to be related to
zoledronic acid or placebo)

5. Seriousness (serious/non-serious)

6. Expectedness (expected/unexpected) (applicable only if the

event is suspected to be causally related to zoledronic acid
or placebo)

7. Actions taken with respect to investigational products
(zoledronic acid or placebo)

8. Outcome

9. Comments/other actions

The severity of the adverse event (e.g., mild, moderate, or severe)
will not be recorded, because this information is not legally
required and is unlikely to be analyzed. Causality will be assessed
as a binary variable (suspected/not suspected), because more
detailed assessments are not needed to flag potential adverse drug
reactions.*s

Participants who have been affected by an AE will be followed-up
according to the clinical practice of the study center until the
adverse event is resolved or stable. Participants with AEs that are
suspected to be related to an investigational product will be
followed-up until they have recovered or are well taken care of and
on the way to good recovery.
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8.2. Serious adverse events

As recommended by the ICH,*” an adverse event will be classified
as a serious adverse event if it

e results in death,

o s life-threatening,

e requires inpatient hospitalization or prolongation of
existing hospitalization,

o results in persistent or significant disability or
incapacity,

e oris a congenital anomaly or birth defect.

As stated by the ICH, adverse events may also be serious for other
reasons:*’

Medical and scientific judgement should be exercised in
deciding whether expedited reporting is appropriate in other
situations, such as important medical events that may not be
immediately life-threatening or result in death or
hospitalisation but may jeopardise the patient or may require
intervention to prevent one of the other outcomes listed in the
definition above. These should also usually be considered
serious.

8.3. Adverse drug reactions

An adverse event will be considered an adverse drug reaction (i.e.,
a causal link is suspected) if either the sponsor or the investigator
considers there to be a reasonable possibility, based on evidence or
arguments, that the event is causally related to an investigational
product (zoledronic acid or placebo).*’ This definition of adverse
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drug reaction excludes adverse reactions to non-investigational
products, such as concomitant medications. If an adverse drug
reaction meets the criteria for seriousness, it will be classified as a

serious adverse drug reaction.*’

8.4. Unexpected and serious unexpected adverse reactions

An adverse reaction will be classified as an unexpected adverse
reaction if its nature or severity is inconsistent with the Summary
of Product Characteristics.* If the unexpected adverse reaction is
serious, it will be classified as a suspected unexpected serious
adverse reaction (SUSAR).¥

In accordance with EU guidelines (Paragraph 29),%° investigators
must report serious adverse events to the sponsor within 24 hours
of becoming aware of them. If the adverse event is a SUSAR, the
sponsor will report it to the Swedish Medical Products Agency and
to the Swedish Ethical Review Authority.*” SUSARSs that are fatal
or life-threatening will be reported within 7 days, and relevant
follow-up information will be reported within an additional 8 days.
Other SUSARs will be reported within 15 days. The sponsor will
inform all principal investigators of SUSARs that occur.

8.5. Development Safety Update Report

With the help of the University Hospital of Umed Clinical Research
Centre, the sponsor will submit to the Swedish Medical Products
Agency and the Swedish Ethical Review Authority an annual
Development Safety Update Report (DSUR), listing all serious
adverse events and evaluating participant safety, as required by
regulations (8 kap. 10 §).°! The DSURs will comply with the ICH
E2F guidelines.>
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9. Participant Timeline

A participant timeline for the 4-year Main Phase can be found in
Table 1. As shown, potential participants will be invited to a
screening visit (Visit 1) to provide written informed consent, to be
assessed for eligibility, to be assigned a participant identification
(ID) code, to undergo baseline testing, and to receive a loading
dose of vitamin D. Of these steps, informed consent must come
first, followed by the assignment of a participant ID code. The
baseline tests will include the EQ-5D-5L, a self-administered
health/lifestyle questionnaire (see the variables in Section 13.2),
and measurements of body height and body weight (using a
stadiometer and a medical scale). In addition, baseline tests of
hand-grip strength will be conducted using hand dynamometers.
Participants will receive a card with study information (e.g., contact
information to the center, the participant’s participant ID) to carry
in their wallet. All participants will also take home a loading dose
of oral vitamin D (see Section 6). They will be instructed not to
take the vitamin D until study staff have notified them that this is
safe to do based on the results of their blood tests. Participants must
take the loading dose 1 to 4 weeks prior to the randomization visit
(see below).

Approximately 10 days after the screening visit, participants will
return for a randomization visit (Visit 2). The randomization visit
may be cancelled by telephone if the results of the blood tests
indicate that the participant does not meet the eligibility criteria. In
this case, the patient will be informed that his or her participation
ends here (without follow-up of any kind). If, on the other hand, the
participant is still eligible, he or she will be randomized and be
infused with zoledronic acid or placebo. Participants will be
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encouraged to report adverse events by telephone throughout the
Main Phase (48 months).

One week before the second infusion (at 24 months), participants
will undergo new blood tests of plasma calcium and creatinine
clearance (Visit 3). Investigators may instead choose to refer
participants to primary care for blood tests.

At 24 months, participants will visit their study center to receive a
second loading dose of vitamin D and a second infusion of
zoledronic acid or placebo (Visit 4). They will also take the EQ-
5D-5L, undergo measurements of body height, body weight, and
hand-grip strength, and be interviewed about adverse events and
non-investigational bone-protective therapy.

The final study contact, at 48 months, will be a telephone interview
about adverse events and use of non-investigational bone-
protective therapy. The participant will also be asked to complete
the EQ-5D-5L through an e-mail link. This link will save the
participant’s responses directly to the eCRF, so that sensitive
information is not transferred via e-mail. Participants who are
unable to complete the EQ-5D-5L online will receive a paper
version by postal mail.

Investigators must do their best to ensure that study contacts occur
in the designated time windows by scheduling the study contacts in
good time. The procedures performed at screening (Visit 1) do not
need to be repeated if randomization (Visit 2) is delayed. Each visit
is anticipated to take 1 hour and each telephone interview 30
minutes.
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Table 1. Participant Timeline for the 4-Year Main Phase

Timing/ Visit | Visit

procedure Visit1 | 2 3 Visit4 | Tel.

Time point -10d 0 23m |24m 48 m

+3w

Time window “4to-1 |0 4w |H4w +4 w
w

Informed consent X

Participant ID X

Inclusion/exclusion | X

criteria

Health/lifestyle X X

questionnaire

Body height X X

Body weight X X

Blood samples X X

Vitamin D loading | X X

dose

Randomization X

Infusion X X

Use of other bone- X X

protective therapy

Adverse events X X

Hand-grip strength | X

EQ-5D-5L X X X

Abbreviations: D, day; EQ-5D-5L, EuroQol-5 Dimensions-5
Levels; M, month; tel., telephone interview; W, week

*This visit may be replaced with a referral to primary care for
blood tests
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10. Treatment Allocation and Blinding

Participants will be randomized according to a 1:1 permuted-block
design, with randomly varying block sizes and stratification by
center. The trial statistician will not reveal the block sizes to
anyone else directly involved in the trial (e.g., the sponsor,
principal investigators, or investigators’ staff).

The trial statistician will use a computerized random number
generator to create a randomization list. To maintain the trial
statistician’s blinding, the randomization program will be run by
staff at the University Hospital of Umea Clinical Research Centre,
who will also select a random seed for the program. The Clinical
Research Centre will be responsible for uploading the
randomization list to the electronic case report form (eCRF), which
will have a randomization feature. The randomization list will be
stored by the Clinical Research Centre in a locked and safe
location. Access to the randomization list will be granted to
independent monitors and inspectors upon request, but not to
anyone directly involved in the study. The Clinical Research Centre
will also restrict access to the randomization feature of the eCRF to
designated staff members.

The study medications will be purchased as marketed (i.e., in the
original packaging). Therefore, principal investigators are
responsible for enforcing strict routines to ensure that the trial is
double blind. This will be done by designating particular staff
members (randomization staff) to be responsible for randomizing
participants and preparing infusions. Zoledronic acid will be
prepared by adding 5 mg/6.25 ml of zoledronic acid concentrate,
which is colorless, to an infusion bag containing 100 ml of normal
saline. For the placebo group, 6.25 ml of normal saline will be
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added to the same type of infusion bag, making it visually identical
to a bag of diluted zoledronic acid.

The randomization staff will be responsible for concealing the
content of the infusion bottles from all other staff members and
from participants. They are permitted to have contact with
participants before, but not after, randomization. In other words,
they are permitted to collect baseline data but not follow-up data.
All other study staff will be blind to treatment assignments, which
includes the sponsor/coordinating investigator, the principal
investigators, the trial statistician, research nurses, and
administrative staff.

It will not be possible for randomization staff to predict future
treatment assignments, because the randomization list will not be
accessible to them. In addition, the randomization feature on the
eCRF will not include information about future treatment
assignments.

Emergency unblinding can be performed if knowledge of a
participant’s treatment is essential for ensuring his or her safety.
Decisions to emergency unblind a participant are made by the
principal investigator or the sponsor/coordinating investigator. In
such cases, the principal investigator or sponsor/coordinating
investigator will contact the randomization staff at the participant’s
study center or designated staff at the Clinical Research Centre (the
latter will have access to the treatment assignment of all
participants). These staff members will have around-the-clock,
online access to participants’ treatment assignment through the
eCRF. Investigators will be responsible for registering instances of
intentional and unintentional unblinding on the eCRF.
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Participants will be informed of their treatment assignment when
they have completed 48 months of follow-up (the Main Phase) or
when they withdraw from the study. This information will be
provided by the randomization staff. The randomization staff will
not spread this information to other staff members, who will be
blinded until the end of the trial, when the randomization list is
unlocked by the Clinical Research Centre. This will be done when
the sponsor/coordinating investigator and the trial statistician have
confirmed that the trial database is accurate and complete and when
an analysis dataset has been compiled.

11. Recruitment, Pre-Screening, and Exclusion

Potentially eligible patients will be identified through the Swedish
Fracture Register. This register was established in 2011 to monitor
fracture occurrence, fracture care, and health outcomes after
fracture.> All patients in this register have agreed to the use of
their information in research, although they have provided written
consent, as this is not required by Swedish law.>?

Patient lists will be downloaded from the Fracture Register (see
Section 12.2). When potentially eligible patients are found on these
lists, they will be contacted through postal mail. The letter will
include information about the study, a link to an online
informational video, and contact information for reporting interest
in participating. To increase participation rates, investigators may
follow-up postal invitations with a telephone calls.

Patients who are interested in participating in the trial will be pre-
screened for eligibility. The purpose of pre-screening is to avoid
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inviting patients who clearly do not meet the eligibility criteria (see
Section 5). The results of pre-screening will be entered in a
deidentified pre-screening log (see Section 12.2).

Recruitment through the Swedish Fracture Register has two
advantages. First, we consider it to be more respectful than
approaching patients in clinics, such as emergency rooms, where
they are in pain and in need of medical attention. Second, it will
make it easier to recruit the required number of participants. If the
Swedish Fracture Register has insufficient coverage of fracture
patients at a participating hospital, potentially eligible participants
may instead be identified through local patient records (e.g.,
emergency ward records, X-ray records, or fracture liaison services
[Swedish: “‘frakturkedjor™]).

The principle investigator or the sponsor/coordinating investigator
can at any time exclude a participant from the entire trial. A
participant may also be excluded from specific parts of the trial
(infusions, in-person visits, telephone interview, or follow-up
through registries or medical records). Reasons for exclusion may
be adverse events (e.g., cognitive disability), death, loss to follow-
up, termination of the study center, or participant withdrawal.
Discontinuation of infusions is not a sufficient reason for excluding
a participant from continued follow-up (see Section 6.1).
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12. Data Collection

12.1. Participant identification codes

Participants who provide informed consent will be assigned a
sequential participant identification (ID) code, indicating the
participant number. Once assigned, ID codes will not be reused for
new participants. At each study center, participants will also be
registered in a participant log, which will link participants’ ID
codes to their first name, last name, e-mail address, postal address,
telephone number, date of informed consent, and Swedish Personal
Identity Number. Of this information, only the participant ID codes
will be used during data collection and analysis, in order to protect
participants’ integrity. Participant lists will be sent encrypted to the
sponsor to enable registry follow-up. The registry data will be
pseudo-anonymized using the participant ID codes.

12.2. Patient list, pre-screening log, and electronic case
report form (eCRF)

Patient lists will be downloaded from the Swedish Fracture
Register during participant recruitment (see Section 11). These lists
will be merged into a single patient list per study center. On this
list, the study staff will note which patients have been contacted by
postal mail, have accepted or declined to participate, and have been
pre-screened. Patient lists will be anonymized and retained after the
end of the Main Phase of the trial.

The results of pre-screening (see Section 11) will be entered into an
electronic pre-screening log. The pre-screening log will be kept
separate from patient lists. Furthermore, it will not contain personal
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information, as patients will not have provided informed consent at
the time of pre-screening.

The data on consenting participants that are required to be collected
according to this protocol will be entered by investigators into an
eCRF, which will be pseudo-anonymized with participant ID
codes. The exception to this rule is registry data on secondary
outcomes, which will be collected centrally by the sponsor.
However, fractures outcomes will be recorded on the eCRF, as
these data will be verified through medical records.

All efficacy outcomes and adverse events will be recorded using
the ICD-10-SE system. The eCRF will be appended to the Clinical
Study Report. To ensure that the system is secure, the eCRF system
will be set up in collaboration with the University Hospital of
Umeé Clinical Research Centre and the Department of ICT
Services and System Development at Umed University.

Investigators must ensure that e€CRFs are correct and complete and
that reporting takes place within the predefined time windows. Any
corrections made to an eCRF should be signed, dated, and (if
needed) explained.

12.3. Biological specimens

Samples of peripheral venous blood will be collected for analyses
of plasma calcium and creatinine clearance (i.e., estimated
glomerular filtration rate). The total volume of blood taken from
each participant will be a maximum of 20 ml (10 ml at the
screening visit and 10 ml 1 week before the 24-month follow-up).
Further blood samples may be taken to ensure a participant’s
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safety. The samples will be analyzed locally at the accredited

department of clinical chemistry at each study center’s institution.
The samples of venous blood will be destroyed immediately after
analysis, but the results will be archived as source documents (see

below).

12.4. Documentation

The sponsor will keep a Trial Master File and investigators will
keep an Investigator Site File containing the essential documents of
the trial, as defined in ICH GCP.>* These documents will be
archived in accordance with each institution’s local rules, but for a
minimum of 15 years.

As stated in the ICH GCP,** investigators must keep source
documents, which include (but are not limited to) eCRFs,
questionnaires, laboratory reports, and registry data to enable
reconstruction and evaluation of the trial’s results. Investigators
will also keep a drug accountability log so that investigational
products can be tracked and a screening log of persons screened,
invited to a screening visit and the number attending a screening
visit. The investigator must ensure that all source documents are
accessible for monitoring and inspection.

12.5. Data management

The trial statistician will continuously monitor eCRFs for accuracy
and completeness (including range and logical checks) and for
compliance with this protocol. Any inaccuracies, inconsistencies,
or deviations will be reported to the appropriate study center, with a
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request for correction or explanation. The trial database will be
backed up regularly. The sponsor/coordinating investigator may
also appoint staff to conduct on-site monitoring to verify eCRFs
with source documents. A detailed plan for data management has
not been developed at the time of writing, but it will be attached to
the Clinical Study Report.

13. Statistical Analysis

Statistical analyses will be performed using the latest version of R
software. All statistical hypothesis tests that can be two-sided will
be two-sided. P-values <0.05 will be considered statistically
significant, unless otherwise specified. P-values will be rounded to
two decimal places if >0.01 and rounded to three decimal places if
<0.01 but >0.001. P-values <0.001 will be expressed as “<0.001”.

The zoledronic acid and placebo groups will be defined according
to randomization. Baseline date will be defined as the date of
randomization. In the Main Phase, follow-up time will be defined
as 48 months or the date of death or withdrawal (whichever came
first) minus the date of randomization plus 1 day (to account for the
possibility of an event later in the day of randomization).
Incomplete follow-up will be defined as follow-up time that ends
before the last study contact at 48 months. In the Secondary Phase,
follow-up will be extended to 10 years.

13.1. Description of recruitment process

The recruitment process will be described in terms of the number
of persons invited to a screening visit, the number who attended a
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screening visit, the number who provided informed consent, the
number who met all eligibility criteria, the number excluded at
screening (in total and by reason for exclusion), and the number
randomized.

13.2. Baseline characteristics

All randomized participants (i.e., the intention-to-treat population)
will be included in an analysis of baseline characteristics, in which
the zoledronic acid and placebo groups will be compared. An
analysis of baseline characteristics will also be performed for all
participants who provide written informed consent but are not
randomized. Baseline values will be defined as the last
measurement made prior to randomization. The following numeric,
binary, and multi-level categorical baseline characteristics will be

analyzed:
Numeric:
1. Age, years
2. Body height, cm
3. Body weight, kg
4. Body mass index, kg/m?
5. Age at quitting smoking, years (if former smoker)
6. Number of cigarettes smoked on an average day (if current

smoker)
7. Age at time of most recent stroke, years
8. Age at time of most recent myocardial infarction, years
9. Age at most recent cancer diagnosis, years
10. Number of bone fractures in adulthood (age >18 years)
11. Date of baseline fracture
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12. Creatinine clearance (estimated glomerular filtration rate),
ml/min/1.73 m?

13. Plasma calcium, mmol/L

14. Hand-grip strength, attempt 1, kg

15. Hand-grip strength, attempt 2, kg

16. Hand-grip strength, maximum of attempts 1 and 2, kg

Binary:
1. Sex (man, woman)
2. Ever undergone bone density scanning (yes, no)
3. Provided written informed consent (yes, no)
4. Ambulatory (yes, no)
5. Community dwelling (yes, no)
6. Sustained a non-hip, non-vertebral fragility fracture in the

past 2 years (yes, no)
Age >65 years at the time of fracture (yes, no)

=

8. Undergone bone density scanning since the baseline
fracture (yes, no)
9. History of hip fracture (yes, no)

10. History of vertebral compression fracture (yes, no)
11. Ever diagnosis of osteoporosis (yes, no)

12. Remaining life expectancy <1 year (yes, no)

13. Ever use of antidepressant (yes, no)

14. History of stroke (yes, no)

15. History of myocardial infarction (yes, no)

16. Use of systemic glucocorticoids at a dose of >5 mg
(prednisolone or equivalent) for >3 months in the past year

(yes, no)
17. Previous use of bone protective drug (yes, no)

18. Malabsorption of calcium and/or vitamin D (yes, no)
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19.
20.
21.
22.
23.

24.
25.

Other medication or medical condition for which bone-
protective therapy is indicated (yes, no)

Place of the most recent non-hip, non-vertebral fragility
fracture (indoors, outdoors)

Severe renal impairment (yes, no)
Hypocalcemia/hypercalcemia (yes, no)

Ever smoker, i.e. smoked >100 cigarettes in lifetime (yes,
no)

Current smoker (yes, no)

Non-dominant hand (left, right)

Multi-level categorical:

1.

Type of fall that led to the baseline fracture (fall on same
level involving ice and snow; fall on same level from
slipping, tripping and stumbling; other fall on same level
due to collision with, or pushing by, another person; fall
while being carried or supported by other persons; other fall
on same level)

Frequency of alcohol consumption (never, <1 time/month,
2-4 times/month, 2-3 times/week, >4 times/week)

. Number of glasses of alcohol on a typical day of drinking

(1-2, 3-4, 5-6, 7-9, >10)

4. Diabetes mellitus (type 1, type 2, no)

e

Cancer (current, previous, no)

Skeletal site(s) of baseline fracture (femur excluding hip,
shoulder/upper arm, pelvis, ribs/sternum/bony thorax, lower
leg, forearm)

Method of recruitment (Swedish Fracture Registry, local
hospital registry, participant initiative, other)
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8. Study center

The variables on alcohol consumption are derived from the Alcohol
Use Disorders Identification Test. A glass of alcohol corresponds to
approximately 12 grams of pure alcohol.’® The variables on
cigarette smoking are based on definitions used in previous
studies. ®>’

Numeric variables will be summarized using means, medians,
standard deviations, 25" percentiles, 75" percentiles, minimums,
maximums, and number missing. Binary variables will be
summarized as number and percent “yes” and number missing.
Categorical variables will be summarized as number and percent in
each category and number missing. Numeric values and
percentages will be rounded to 1 decimal place (2 decimal places
for plasma calcium). All variables will be summarized using
number and percent of values out-of-range and, for laboratory
values, number and percent outside reference values (see Section

13.7).

13.3. Analysis of investigational products

For each infusion, the following information will be reported by
study group for all randomized patients:

Receipt of infusion, number (%)

Date of infusion

Time from randomization to infusion, days/months
Receipt of infusion within time window (see Section 9),
number (%)

L=
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5. Main reason for not receiving infusion (wish of participant,
participant discontinuation, death, exclusion due to adverse
event, severe renal impairment [<35 ml/min/1.73m?],
hypocalcemia/hypercalcemia [plasma calcium <2.15 or
>2.50 mmol/L], use of other bone-protective therapy,
decision of sponsor/principal investigator for none of the
above reasons)

6. Receipt of vitamin D loading dose prior to infusion, number
(%)

7. Reason for not receiving vitamin D loading dose, free text

8. Batch number of zoledronic acid (if applicable)

The numeric variables will be summarized using means, medians,
standard deviations, 25" percentiles, 75" percentiles, minimums,
and maximums. The categorical variables will be summarized as
number and percent in each level. The number with missing values
will be calculated for all variables.

13.4. Analysis of follow-up

The number and percent of randomized patients participating in
study contacts will be reported for the zoledronic acid and placebo
groups at each study contact. The number and percent not
completing study contacts will be presented by cause (death,
adverse event, loss to follow-up, termination of study center,
withdrawal, other). The number and percent not completing
registry and medical-record follow-up will also be presented by
cause (death or withdrawal). Differential follow-up duration
between the zoledronic acid and control groups will be examined
by plotting Kaplan-Meier curves and testing for a difference using
the log-rank test. Differences in the number and percent
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prematurely unblinded will be examined using Fisher’s exact test.
Number and percent prematurely unblinded by cause (mistake,
adverse event, or other) will be presented.

13.5. Analysis of concomitant medications

The number and percent of participants receiving bone-protective
therapy (other than the investigational zoledronic acid) during
follow-up will be reported. The study groups will be compared
using Fisher’s exact test.

13.6. Efficacy analysis

All randomized patients with non-missing outcome data will be
included in an efficacy analysis. For time-to-event outcomes,
survival time will be calculated as date of event minus date of
randomization plus 1 day (to account for the possibility of an event
occurring later in the day of randomization). For participants not
experiencing the event, time-to-event will be set as the follow-up
time (see definition above). If the date of a participant’s time-to-
event outcome is incomplete, the date will be imputed as was done
in a previous trial.?° Thus, if the day of the month is missing, it will
be imputed as the 15™. If both the day and the month are missing,
these will be imputed as July 1. If the entire date is missing, the
time-to-event will be set to 1 day.

For time-to-event outcomes, 4-year cumulative incidence curves
will be estimated using the Kaplan-Meier method. The number of
participants with an event, the number of events, and the incidence
rates (number of events/total person-years at risk) will also be
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provided. The efficacy of zoledronic acid will be determined based
on the log-rank test, which will be stratified by center. The relative
effect of zoledronic acid versus placebo will be estimated by hazard
ratios (with 95% confidence intervals) calculated using Cox
regression, with stratification by center. These models will not be
adjusted for covariates in the main analysis, so as to be comparable
to the log rank test. The proportional-hazards assumption will be
assessed using log-minus-log plots and by Wald tests of treatment-
by-time product terms. In the case of a clear violation of this
assumption, hazard ratios will be computed for time-intervals in
which hazard ratios are more stable (e.g. 6-month or 12-month
periods). The assumption of no interaction between treatment effect
and center effect will be tested using treatment-by-center product
terms with a likelihood ratio test.*®

As an additional analysis, the number of participants needed to
treat for 4 years to prevent one fracture will be estimated for each
fracture outcome using Kaplan-Meier estimated risks. Ninety-five
percent confidence intervals will be provided for numbers needed
to treat,%* with variance estimates derived using the method
proposed by Kalbfleisch and Prentice (p. 18).%!

Change-from-baseline outcomes will be analyzed using analysis of
covariance. The response variable will be the post-intervention
value and the explanatory variables will be baseline value,
treatment group, and center. For the EQ-5D-5L exploratory
outcomes, which will be measured twice during follow-up, an
analysis of covariance will be run with each follow-up value as the
post-intervention value. To prevent the problem of multiple testing,
the stepwise approach to testing described in Section 13.8 will be
used. The assumptions of linearity, constant variance, and
normality will be checked using residual plots and normal quantile-

57 (84)



Study Name: Fragility Fracture Trial
Version No: 8

Date: 2022-04-28

EudraCT No: 2019-004766-17

quantile plots. Clear violations of these assumptions will be dealt
with by transformations of the response variable or its baseline
value. Clear violations of the assumption of constant variance may
instead be dealt with using the method of weighted least squares.
Outliers will not be removed. Participants with missing follow-up
data on change-from-baseline variables will be excluded.

The hypothesis tests of efficacy will not be adjusted for multiple
testing, to avoid a large reduction in the power of the trial.

13.7. Safety analysis

All participants who receive at least one infusion (i.e., the safety
population) will be included in a safety analysis. The occurrence of
adverse events by the end of follow-up will be analyzed as the
number of events and the number and percent of participants
reporting at least one event. These data will be presented by study
group, seriousness, and causality (suspected/not suspected relation
to study medication). The study groups will be compared using
Fisher’s exact test. For post-infusion symptoms occurring <3 days
after infusion, data will be presented for both infusions in total and
for events reported to have occurred <3 days after each infusion. In
addition to specific adverse events, the composite safety outcomes
of any adverse event, any serious adverse event, any serious
adverse drug reaction, any unexpected adverse drug reaction, and
any suspected unexpected serious adverse reaction will be reported.
Laboratory values of plasma calcium (low, <2.15 mmol/l; normal,
2.15-2.50; high, >2.50) will be analyzed in a shift table from before
the first to before the second infusion. The number and percent
with severe renal impairment (estimated glomerular filtration rate
<35 ml/min/1.73m?) at Follow-Up Visit 2 will be presented. The
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mean and standard deviation change in estimated glomerular
filtration rate from before the first to before the second infusion
will be presented and compared between the groups using an
independent-samples ¢ test (Satterthwaite approximation of degrees
of freedom).

13.8. Subgroup, sensitivity, and exploratory analyses

Baseline characteristics and efficacy outcomes will be presented in
subgroups defined by type of baseline fragility fracture (if a
participant has multiple baseline fractures, then the most serious
type of fracture in the following descending order of severity will
be used: femur excluding hip, shoulder/upper arm, pelvis,
ribs/sternum/bony thorax, lower leg, forearm), age group (65-74,
75-84, or >85 year), sex, and study center. In the efficacy analysis,
product terms will be included in regression models to assess
interaction of treatment with time since fragility fracture, type of
fragility fracture, age, sex, and study center. These interaction
effects will be tested using Wald tests for numeric and binary
variables and likelihood ratio tests for multi-level categorical
variables. We do not expect these interaction analyses to show
significant differences in effect.

Six sensitivity analyses will be conducted. First, to assess the
presence of confounding, regression analyses will be adjusted for
the following baseline covariates: age, sex, BMI, time since
fragility fracture, and site of fragility fracture (femur excluding hip,
shoulder/upper arm, pelvis, ribs/sternum/bony thorax, lower leg, or
forearm). Second, the efficacy analysis will be rerun in a per-
protocol population (i.e., participants who met all eligibility
criteria, either died or completed follow-up, and were both
qualified to receive and did receive the 2 assigned infusions).
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Third, efficacy concerning time-to-event outcomes will be analyzed
using the Andersen-Gill Cox model for recurrent events,%? with
stratification by study center. Fourth, in the analysis of the primary
outcome, the potential effect of informative censoring (including
the competing risk of death) will be assessed by rerunning Cox
models under the extreme scenarios that all participants who did
not complete follow-up either (1) sustained a fracture at the time of
censoring (i.e., were at high risk of fracture) or (2) had complete
follow-up with no event (i.e., were at low risk of fracture).’® Fifth,
participants with a history of cancer at baseline will be excluded
from the efficacy analysis of new cancers diagnosed during follow-
up. The same will be done for cardiovascular disease. Sixth,
fractures not verified by medical records will be included in the
efficacy analyses.

To assess the time-to-onset of treatment effect on the primary
outcome, Kaplan-Meier curves will be compared using the center-
stratified log-rank test with censoring at months 48, 42, 36, and so
on until month 6. To avoid the problem of multiple testing, a fixed-
sequence procedure will be used in which the test will first be
performed for risk at month 48, then at month 42, and so on until
month 6.9 If a p-value >0.05 is obtained, the results of all
subsequent tests will be considered non-significant. Similarly,
center-stratified Cox models will be used to estimate hazard ratios
and 95% confidence intervals, with administrative censoring at
month 48, 42, and so on until month 6.

13.9. Interim analysis

No interim analysis will be performed to determine whether the
trial should be terminated early. There are four reasons for this
choice in design. First, the risk of large safety concerns is low due
to the fact that the effects of zoledronic acid have already been
studied, without major safety concerns, in four large trials.!”* In
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addition, zoledronic acid will be administered only twice, which is
less than is commonly done in clinical practice.!” It should also be
noted that zoledronic acid was approved in the European Union
back in 2005.!7 Second, the risk of needing to stop the trial due to
futility is low, because zoledronic acid has been shown effective in
multiple studies.!”2? Third, early termination for efficacy is
unlikely to result in a substantial increase in the number of patients
who receive treatment, as treatment rates are currently low!>!¢ and
treatment decisions are based on local guidelines, which take time
to update. Furthermore, this would reduce the power of the trial to
detect effects on secondary outcomes. Fourth, interim analyses are
complicated to carry out, as they require unblinding of the data.®*

No interim analysis will be performed for the purpose of adjusting
the sample size upward, because this would not be feasible due to
budget constraints.

13.10. Sample size and power calculations

The trial will enroll 2900 participants, of whom 227 will need to
sustain a clinical fracture during follow-up for the study to achieve
90% power to detect a 35% reduction in clinical fractures with the
log-rank test (2-sided significance level of 5%). This calculation
assumes a 4-year fracture risk of 10% in the placebo group and an
overall dropout rate of 5% (due to withdrawal or loss to follow-up,
i.e., deaths excluded). The details of the calculation can be found in
Appendix 1. Appendix 2 provides a table of required sample sizes
under varying assumptions. As shown, the required sample size is
sensitive to changes in the assumed hazard ratio and the assumed
fracture risk in the placebo group, but it is relatively insensitive to
changes in dropout rate.
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To put the assumptions of the sample-size calculation in
perspective, we note that 3 of 4 previous large trials of zoledronic
acid had 90% power,!?2%2? whereas the fourth had 80% power.*!
Incomplete follow-up (deaths excluded) was observed in 4% of
women with osteopenia (6-year follow-up),?! 8% of men with
osteoporosis (1-year follow-up),?? 13% of women with
osteoporosis (3-year follow-up),'” and 17% of hip fracture patients
(1.9-year median follow-up).?° Three of the trials that were
powered to demonstrate effects on clinical fractures, and these
showed effects of 27%,%' 33%,'° and 35%.2°

The assumed 4-year fracture risk of 10% was derived from data on
the Swedish population that we have previously collected from the
Swedish National Patient Register. From this register, we selected
adults in Sweden who were aged 65 to 85 years and who suffered
an initial fracture of the arm or lower leg in 2006 (ICD-10-SE
codes: S42, S52, or S82). There were 10,361 such individuals who
were not prescribed bone-protective treatment over the next 4
years. Their mean age was 74.9 years and 73% were women. Over
the next 4 years, 10.0% (n=1028) suffered a new fracture at a
different skeletal site. We expect the restriction of the analysis to
fractures of a different skeletal site to lead to an underestimation of
the incidence of new fractures, but this restriction is necessary to
avoid counting the same fracture twice. The distribution of
fractures by skeletal site was as follows:

457 fractures of the hip

148 fractures of the upper arm

125 fractures of the lower leg and foot joint
117 fractures of the radius or ulna

91 fractures of the lumber spine

N

62 (84)



Study Name: Fragility Fracture Trial
Version No: 8

Date: 2022-04-28

EudraCT No: 2019-004766-17

The risk of a new fracture was similar in women and men, 10.2%
in women and 9.6% in men. Assuming a hip fracture risk of
457/10,361=4.4% in the placebo group and a dropout rate of 5%,
recruitment of 2900 participants will give the trial 71% power to
detect a 40% reduction'® in hip fractures and 55% power to detect a
34% reduction?! in hip fractures (5% significance level).

14. Monitoring, Inspection, Deviation, and
Early Termination

Investigators must allow monitoring and inspection by providing
direct access to eCRFs, source data, and other study-specific
documentation.

14.1. Monitoring

The trial will be independently monitored by the University
Hospital of Umeé Clinical Research Centre before, during, and
after the Main Phase of the study (see Section 4). The purpose of
this monitoring is to ensure that the study is carried out according
to the protocol; that the data are collected, documented, and
reported in accordance with ICH GCP;>* and that applicable ethical
and regulatory requirements are followed. A Monitoring Plan will
be developed jointly by the sponsor/coordinating investigator and
the Clinical Research Centre.

The study will not have an independent data and safety monitoring
board because no interim analysis is planned (see Section 13.9).
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14.2. Inspection

The Swedish Medical Products Agency may inspect the trial. In
this case, any study-related data requested by the Agency must be
provided according to Swedish regulations (10 Kap. 1§).”!

14.3. Deviations and serious violations

Deviations from this protocol, ICH GCP, or regulations will be
documented by the sponsor and principal investigators and be
described in the Clinical Study Report. Deviations will be
considered serious violations if they significantly affect, or are
likely to affect, participants’ safety, participants’ integrity, or the
scientific quality of the trial. Such violations will be reported by the
sponsor/coordinating investigator to the Swedish Medical Products
Agency within 7 days (p. 17-18).% It is the sponsor’s responsibility
to determine whether deviations are serious enough to qualify as
violations.

14.4. Early termination

The trial may be terminated early if it appears that zoledronic acid
is resulting in a large number of SUSARs. In the case of
termination, investigators will immediately inform the participants
of this and ensure appropriate treatment and follow-up. The
Swedish Medical Products Agency will be informed as soon as
possible, but no later than 15 days after the decision to terminate (9
kap 2 §).°! Decisions about early termination are made by the
Sponsor.
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15. Ethics

15.1. Compliance with the protocol, GCP, and regulations

The trial will be performed in accordance with this protocol, ICH
GCP,>* the Declaration of Helsinki,®® and Swedish and European
Union regulations. The purpose of this is to ensure the safety and
integrity of the participants and the quality of the data.

The Swedish Medical Products Agency will be informed of the
study’s completion through the submission of a ’Declaration of
End of Trial Notification” form no later than 90 days after the End
of Trial (9 kap., 1 §).>! The Swedish Ethical Review Authority will
also be notified.

15.2. Research ethics approval

Participant recruitment will not begin before this protocol, an
informed consent form, and other information provided to
participants have been approved by the Swedish Ethical Review
Authority. The protocol will also need to be approved by the
Swedish Medical Products Agency (5 kap. 1 §).°"!

15.3. Protocol amendments

Substantial protocol amendments must be approved by the sponsor,
the Swedish Ethical Review Authority, and the Swedish Medical
Products Agency. The Swedish Medical Products agency defines
substantial amendments to the study protocol as those that may
affect (1) participants’ safety or physical or psychological integrity,

65 (84)



Study Name: Fragility Fracture Trial
Version No: 8

Date: 2022-04-28

EudraCT No: 2019-004766-17

(2) the scientific value of the study, or (3) are substantial in any
other way.’! Substantial amendments will not be implemented until
they have been approved, unless doing so is necessary to prevent
immediate harm to participants, in which case the amendments will
be reported as soon as possible (7 kap. 1 §, 8 kap. 2 §).>! The
opinions of all principal investigators will be sought before
substantial changes are made. The sponsor will ensure that
principal investigators are aware of approved changes and have
access to the latest version of the protocol.

Non-substantial changes (i.e., small administrative changes) require
only the approval of the sponsor and will be clearly noted in an
amended protocol and in the Clinical Study Report. Non-
substantial changes will be reported to the Swedish Medical
Products Agency upon End of Trial reporting or earlier, if
substantial changes are needed.®

15.4. Informed consent

The principal investigator at each site must ensure that participants
are given adequate oral and written information about the study.
Participants should be given time to consider the information
provided and an opportunity to ask questions. The written patient
information, the online informational video, and the informed
consent form will be approved by the Swedish Ethical Review
Authority. These documents will be appended to the Clinical Study
Report.

If a patient chooses to participate, both the patient and the
investigator will sign the informed consent form. The patient
should receive a copy of the written information and the informed
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consent form. The informed consent form must be signed before
any study-specific activity is performed. According to Swedish
regulations,% informed consent must be obtained by a qualified
physician. If new information about participants is to be collected
after informed consent has been obtained, participants have the
right to reconsider whether to continue their participation.

Participants will have the right to withdraw from the study at any
time, without justification, and without any consequence to their
future medical care. As recommended by ICH GCP however,>*
participants who withdraw will be asked if they want to provide a
reason. Participants who request withdrawal will be given the
options of just stopping treatment or of stopping both treatment and
follow-up. Upon withdrawal, all participant data that have
previously been collected must be retained for archiving purposes.
The right to retain research data after participant withdrawal is laid
down by Swedish law.5768

15.5. Medical record registration

In accordance with Swedish regulations,®® investigators must
register in participants’ medical records that the participants are
involved in a clinical trial. These entries must include the following
information:

1. The trial is randomized and double-blind.

2. The investigational products are zoledronic acid and
placebo (normal saline), given as two intravenous infusions
at a dose of 5 mg with two years in between.

3. A loading dose of vitamin D (100,000 IU or 2.5 mg) has
been given.
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Written informed consent has been obtained.
Participant ID.
Instructions for emergency unblinding.

NS n R

Investigational product received (once unblinded).

15.6. Insurance

Participants will be protected by the Swedish Patient Insurance and
by the Swedish Pharmaceutical Insurance.

15.7. Confidentiality

Data collected in the trial, whether in electronic or physical form,
will be processed so that only authorized persons have access to it.
Datasets used for statistical analysis, e€CRFs, and questionnaires
will be pseudo-anonymized using participant ID codes (see Section
12.1).

15.8. Conflicts of interest

The sponsor/coordinating investigator and authors of this protocol
declare that they have no conflicts of interest.

15.9. Post-trial care

There will be no post-trial care at the end of the Main Phase or
Secondary Phase. Instead, participants will be informed of the
treatment they received when they have completed the 4-year Main
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Phase or when they withdraw from the study. Participants in the
placebo group will not be offered zoledronic acid because of
budget constraints and because treatment decisions should be based
on individual assessments made according to local guidelines.

15.10. Data access

Principal investigators will have complete access to the data at their
center, but they will not have access to the data at other centers.
The sponsor and trial statistician will have access to all participant
lists and eCRFs. All principal investigators will receive the final,
pseudo-anonymized, analysis datasets.

16. Dissemination

A Clinical Study Report of the trial’s results will be completed
twice in accordance with Annex 1 of the ICH E3 guidelines.®’ The
first time will be within a year after the end of the Main Phase. The
second time will be at the end of the Secondary Phase (i.e., the End
of Trial). The second report will be submitted to the Swedish
Medical Products Agency.% It will also be posted on the European
Union Drug Regulating Authorities Clinical Trials Database
(EudraCT). Participants will receive a non-technical summary of
the study results when the last participant after the Main Phase of
the trial. Clinical staff will also receive a summary of the results.

The results of the Main Phase will be published in a peer-reviewed
scientific journal after the completion of the Main Phase, regardless
of whether or not the results show a significant treatment effect.
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The results of the Secondary Phase will be published similarly.
Study centers must not publish their own results, because the
results from all centers will be pooled and published jointly. Any
exceptions from this rule must be approved by the sponsor.

R code for randomization, data management, and analysis will be
made publically available at the time of publication. The Clinical
Study Reports will also be made publically available, with possible
redaction of individual-level data if this is necessary to ensure the
participants’ integrity. The pseudo-anonymized analysis datasets
will not be made publically available, because these are still
considered personal data under the European Union General Data
Protection Regulation (GDPR), as the risk of identifying an
individual, due to the detail of the data, cannot be ruled out.”®

Co-authorship of the peer-reviewed journal articles will be
determined based on the recommendations of the International
Committee of Medical Journal Editors.”! In good time before
publication, the principal investigators and the
sponsor/coordinating investigator will each make a list of the
members of their staff that want to be included as authors. These
lists must include a statement of which ICMJE criteria for apply to
each name on the list, as well as an explanation of how each person
meets the criteria. The principal investigators and the sponsor will
jointly assess who on these lists meet the ICMJE criteria. The
investigators and the sponsor will also determine the order in which
the names will appear on the published article. The final decision of
which names will appear and in what order will be the joint
decision of all principal investigators, by consensus if possible, by
majority vote if necessary. The sponsor will break a tie should one
arise.
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17. Risk-benefit evaluation

The main expected benefit of zoledronic acid is a reduced risk of
fractures. Based on previous studies, we expect to see a 35%
relative risk reduction, corresponding to a 3.5% absolute risk
reduction. There are also health economics benefits to consider.
Below is an example for hip fractures.

We expect hip fractures to occur in approximately 5% of
participants during follow up. With an absolute risk reduction of
1.75% from zoledronic acid (35% relative risk reduction), the
numbered need to treat to avoid 1 hip fracture is 57. In clinical
practice, the cost of the study drug (two 5 mg infusions of
zoledronic acid) is about 300 Swedish Krona (SEK). Additional
costs of treatment (e.g., the cost of personnel and blood tests)
amount to approximately 500 SEK, meaning that the total cost of
treatment is about 800 SEK. Therefore, the estimated cost to avoid
one hip fracture is 800*57=45,600 SEK.

This cost of 45,600 SEK can be compared to the estimated
hospitalization cost of 100,000 SEK for each hip fracture patient.”
Furthermore, in the 12 months following the fracture, each hip
fracture patient requires subsequent health care and social care for
about 400,000 SEK.”? Thus, there are substantial health economic
benefits based on prevented hip fractures alone. We expect further
cost benefits due to reductions in other types of fractures and
increased quality-adjusted life years.

There are also risks involved in participating in this trial. One risk
is adverse effects. As explained in the Introduction, zoledronic acid
causes post-infusion symptoms in about a third of patients, but
these symptoms are transient and less common after the second
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infusion.! More serious are the adverse effects of atypical femoral
fractures and osteonecrosis of the jaw. These effects are rare,
however.?*** It should also be noted that increased risks of these
events were not reported in four previous large trials of zoledronic
acid.??2%6 In these trials, zoledronic acid was given at more
frequent intervals than is planned in our trial, which reduces the
risk of adverse effects in our trial.

Another aspect of ethical concern is that some of the patients in the
placebo group likely would have received bone-protective
treatment had they not been included in the trial. However, only
about 10% of fracture patients currently receive treatment,'>!¢ and
there is currently no standard treatment for fracture patients who
(as the patients in the current trial) do not have a hip or vertebral
fracture.

There is also a risk of invasion of privacy because we intend to
contact potential participants through the registers, primarily the
Swedish Fracture Register. However, individuals registered in the
Swedish Fracture Register have agreed to the use of their data in
research. In addition, we consider it to be more respectful than
approaching patients in clinics, such as emergency rooms, where
they are in pain and in need of medical attention.

A final risk is the COVID-19 pandemic, which started in 2020 and
is ongoing at the time of writing. Due to the participants’ age, they
are at increased risk of developing severe COVID-19. We believe
this risk outweighs any potential benefit of the trial, so participant
enrollment will not begin until the pandemic is under control. The
sponsor will determine when it is safe to start enrollment. In
summary, we consider the benefits of conducting this study to
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outweigh the risks when the COVID-19 pandemic is under control,
making the trial ethical to perform.
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19. Appendix 1: Sample Size Calculation

The first step in the sample size calculation is to calculate the
number of fractures that need to be observed in the trial, because
the log-rank test is powered by events rather than participants.
According to Schoenfeld,” the necessary number of fractures
(assuming 90% power, a 2-sided alpha of 5%, and a hazard ratio of
0.65) is

2
4(Z1-0.05/2+Z0.90)
In(0.65)2

= 227.

Here, z,, is the p*" quantile of the standard normal distribution and
In() is the natural logarithm.

The second step is to estimate the required number of participants,
ignoring any early dropouts due to withdrawal. According to
Schoenfeld,” a 10% fracture risk in the placebo group and a hazard
ratio of 0.65 corresponds to an estimated risk of

1—(1—-0.10)%65 = 0.06619

in the zoledronic acid group. With 227 fractures, the required
number of participants becomes

227

(0.10+0.06619)/2 = 2732.

The third step is to adjust the sample size of 2732 for dropouts. As
suggested by Freedman,” this can be done simply by dividing the
sample size by the proportion of non-dropouts:

2732
1-0.05

= 2876.
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For simplicity, we round this number up to 2900.
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20. Appendix 2: Sample Sizes Under Varying

Assumptions

Required sample size under varying assumptions (5%
significance level)

. Required
Power (%) | HR RolSk placebo l?)ropout Sample
(%) (%) .
size

5 1432
15 10 1512
15 1600
0.65 5 2154
10 10 2274
15 2408
80 5 2022
15 10 2134
15 2260
0.70 5 3040
10 10 3210
15 3398
5 1912
15 10 2018
15 2138
0.65 5 2876
10 10 3036
15 3216
20 5 2708
15 10 2858
15 3026
0.70 5 4074
10 10 4300
15 4554

Abbreviation: HR, hazard ratio
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