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About thisguide

# Why is this guide necessary?

A good dedl of information on osteoporosis for non-experts is available currently or is being
developed. However in one respect there seems to be a notable absence of information -
namely the rationale, performance and interpretation of studies carried out to assess
preventive or treatment Strategies targeted at osteoporosis.

An excdlent opportunity to redress thisinformation gap has arisen from a World Hedlth
Organisation project to develop Guideines for Preclinica Evauation and Clinicd Tridsin
Osteoporosis.

Using these guiddines as a soringboard, we have prepared the following information for non-
scientific members of indtitutiond ethics committees, specia interest groups, the media, hedth
professonds having little previous contact with osteoporos's, people consdering taking part in
cinicd trids, trid co-ordinators, research nurses, non-experts in the pharmaceutical industry
and the broader community.

This guide aimsto provide:
An improved under standing of important features of osteoporosisand of well-
conducted research on it
Redevant information about the laboratory and animal resear ch that ideally
under pins human (clinical) trialsin osteoporosis
An awar eness of the sequence of laboratory, animal and human studies used to
provide valid answer sto resear ch questions
Background information for consdering participation in a clinical trial of adrug or
other measuretargeted at preventing or treating osteopor osis

How to usethisguide
Asyou can see, thisguideisintended for people with awiderange of interestsand
backgrounds. Many people will gain all the information they need by reading the
main text. If you want to know more, read thefine print sectionsaswell. If you are

seeking to learn just some key points, the bold print sections may contain enough
information for you.







#Why now?

Trendsin population aging suggest that these guiddines are timely.

In most countries people are living longer and there are correspondingly more cases of
osteoporosis. Even after taking account of thistrend in population aging, thereis evidence of
increasing fracture ratesin some parts of the world. This trandates into more osteopoross-
related disability, pain, deformity, dependence and even death. Reassuringly it is becoming
clear that osteoporosis prevention, early detection and treatment are capable of reducing these
negatives.

Bone

# Background information

Boneisa hardened mass of living tissue that supportsthe body and protectsinter nal
organsfrom injury. In adults, thereisa continuing process of bone renewal in which
small amounts of bone are broken down (bone resor ption) and replaced by new bone
(bone formation). Within bone, the marrow produces large numbers of blood cells.

Importantly boneisalso an essential reservoir of mineralsfor the body. Minerdslike
cacium phosphate and cacium carbonate, fluorides and chlorides are congtantly shifted from
other parts of the body to the bone and back again under the influence of hormones,
specidised bone cdls and the stresses and strains of weight-bearing activities.

The amount of minerd in boneislargely respongble for its hardness, while substances like the
structurd protein collagen aso contribute to bone's mechanica strength.

The dense outermost bone is known as cortical bone while the more spongy internd formis
known as cancellous or trabecular bone. Figure 1 shows the Structure of these types of
bone.
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# Osteoporosis

The genetic makeup of individuas, aging, the menopause in women, and other factors
affecting both men and women are associated with changes to the structure and function of the
body, one of which isareduction in the strength of bone. These processes are reflected in a
decreased bone density or mass and a deterioration in its ar chitecture® (microscopic
gructure) and strength. Osteopor osis is diagnosed when the loss of bone density and
strength leadsto an unacceptably high tendency for bonesto fracture (that is, to
break).

Bone density has been divided by the World Health Organization into four levels.
- Normal

L ow bone mass (osteopenia)

Osteopor osisin which fractures have not yet occurred

Severeor established osteopor osis (when fractures have occurred due to bone

fragility)

! Skeletal or bone architecture refers to the microscopic structure of bone, particularly asit relatesto the
strength of bone.
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The bones of the forearm, spine and hip are most prone to osteoporatic fracture (figure 2).

Of these, the most serious problems arise following hip fracture due to the high leve of
disability and loss of independence associated with it aswel as complications that increase the
risk of desth (for example, pneumonia, urinary infection, pressure sores).  For individuals who
survive a hip fracture, follow-up care tends to be prolonged and costly.

#Who is affected?

Although the problem of osteoporosisis shared by aging men, in most western
countries therisk of the condition is about twice as high in women, with
approximately 40% of women over 60 years of age being affected. The higher
incidence of osteoporosisin women reflects, in part, their tendency to live longer than
men aswell asthe occurrence of a period of accelerated boneloss around thetime
of, and for some year sfollowing, the menopause. Indeed, because of women’s higher
risk and longer lifespan, there are 3-4 times more hip fracture casesin women than in
men.

This said, osteoporos's occurs much more often in some parts of the world than in others,
particularly affecting white-skinned people from North America, Northern Europe and
elsawhere. Therisks for osteoporaotic fractures are substantialy lower in many parts of Asia,
Africaand South America, but the gap is closing with improvementsin life expectancy and
Increasing rates of fracture. Between 1990 and 2025, the estimated size of the population
aged over 50 years will increase 130-150% in Europe and about 200% or more in al other
regions, with the most marked increase in Asa These sorts of changes suggest that the
number of hip fractures annudly will rise from around 1.5 million worldwide in 1990 to
between 4 and 6 million in the year 2025.

# What other factors affect fracture risk?

While sex, age, race and menopausal status can help predict the likelihood of developing
osteoporos's, anumber of other risk factors have dso been identified. These may include a
family history of osteopoross, thin body build, prolonged amenorrhoea (absence of periodsin
pre-menopausa women who are not pregnant or breast-feeding), smoking, excessive acohol
intake, alifestyle with little physicd activity and inadequate cacium intake or poor vitamin D
nutrition. Poor vitamin D nutrition is usudly dueto alow leve of sunlight exposure secondary
to factors such as lifestyle (especidly indoor living) and climate. Menopause occurring a an
unusudly early age (whether naturdly or induced by medicd trestment) carries awell-
recognised risk of osteoporosis. The long-term use of cortisone-like medications such as
prednisolone to treat, for example, asthma or rheumatic conditions, carries avery sgnificant
risk for osteoporosis. Oral contraceptive use appears not to increase osteopoross risk and
may be protective.

There are dso anumber of factors which influence fracture risk in other ways. These include
factors which increase the likelihood of faling, for example, poor vision, and the use of
Sedeative medications.




Resear ch on osteoporosis

#What can it offer?
Resear cher s studying osteopor osis have concentrated their effortsin several main
areas:
Under standing the basic biology of bone
Studying the relationship of bone quantity and quality to fracturerisk
Examining other factorsthat predict a high risk of developing osteopor osis.
Studying measur es that decrease therisk of fractures and associated ill-health
and death

# Difficulties in sudying bone

Bone does not lend itsdlf eadily to direct study becauseiit is less accessible than blood, skin
and some other body tissues. However, numerous useful non-invasive techniques have been
developed to assess bone characteritics in humans without removing a sample of bone (i.e.
many tests can be performed non-invasively). Unfortunately, bone strength, the property of
most interest, cannot be measured non-invasively and is estimated instead by “ surrogate”’
(subgtitute) measurements such as bone dengty.

Ancther difficulty in sudying factors that affect bone isits dow rate of turnover. That is, most
body tissues are built up and broken down continually throughout life and some undergo the
process at a much faster rate than others. The rate at which this process occursis referred to
asturnover. Bone turnover is very dow; only about half the skeleton is broken down and
rebuilt over 10 to 12 years. In comparison, the lining of the intestine is replaced every two to
three days. An important consequence of the dow turnover of bone isthat it may take severd
years following the start of drug therapy or other interventions for a significant change in bone
composition or characterigtics to become evident. In the same way, effects on bone may build
up over many years.

# Why studies other than human (clinicd) trids are needed

In view of these and other factors, many researchers have focussed their efforts on studying
bone cdlls or bone extracts in the [aboratory, or they have studied animals as models for what
may occur in humans. Both gpproaches have been found helpful in predicting the potentid
usefulness of drugs or other measuresin preventing or treeting human osteopoross.
Collectively, these sorts of investigations are described as basic and preclinica studies.

Basic (laboratory) studies

Studies performed in tissue culture laboratories can provide useful insghtsinto how
many test agentswork. However, with current knowledge, these experiments cannot
replace anima studies because bone as an organ, together with the complex mechanisms
controlling it, cannot be mimicked in the Iaboratory.

There aretwo main types of osteopor osis-related laboratory investigation;

i) studiesof bone resorption (breakdown)

Bonetissue, for example from fetal mice, can be maintained in a culture system (a specia mix
of nutrient fluids in life-sustaining conditions) to provide vauable information about the effect
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of particular agents on bone loss. Sometimes the individua cells that resorb bone, cdled
osteocladts, are studied directly.

i) studies of bone formation

These usudly involve an assessment of the way a proposed measure affects bone- forming
cdls (osteoblagts) in culture.

Preclinical studies

#What are preclinical studies?

Before embarking on human testing, resear ch is usually conducted in animalsto
assess the safety and potential usefulness of a proposed intervention (that is, a
means of prevention or treatment of the disorder)® Such studies are described as
preclinical.

Why we need animal studies:
to gain initial evidencethat an agent is safe to administer to humans
to establish how a proposed intervention affects the mineral content, mass or
strength of bone, thus providing groundsfor itsusein humans
to show that the proposed intervention can be effective in animals that show
features of osteoporosisasit occursin humans
to determine whether any new bone tissue produced as a result of the
inter vention is normal
to clarify whether long-term exposureto theintervention resultsin the formation
of good quality bone
to shorten thetime required to screen for potentially useful treatment agents
to gain insgghtsinto the way in which an intervention influences bone.

Idedlly, preclinical studies should aways examine the effect of the proposed intervention on
bone mass and quality and on bone breakdown and formation. The above information helps
researchers decide whether human studies should be conducted and, if so, guides their design.
Another important aim of preclinica studiesis to assess the generd properties, metabolism
(chemica processing in the body) and excretion of new drugsin animals before human
exposure.

It isimportant to appreciate that appropriate use of anima studies reduces the exposure of
human participants to experimenta agents, Soeeds up access to useful new treatments and
keeps the number of animals needed to aminimum. The use of live animals to sudy measures
for preventing or treating osteoporosis must comply with the regulations of locd ethics
committees.

2 Anintervention isany form of drug or action (e.g. achangein diet or physical activity, or the use of
some type of device) designed to prevent the onset of, or to treat a disease such as osteoporosis.
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Which animals?
The choice of which type of animal is most suitable for a particular study should take account of the
following;
- the extent to which thereis a match between a particular animal species and humans in respect of
bone remodelling characteristics®.
the appropriateness of the animal model for theintended clinical application. For example, certain
animal models mimic more or less all the characteristics of oestrogen deficiency osteoporosis due to
lack of the female hormone, oestrogen. Others more faithfully simulate other types of osteoporosis
such as those due to cortisone-like medications and immobilisation.
the capacity of the animal to respond to a particular intervention
the extent to which a particular animal species can predict a human response.
animal availability and
the financial cost of obtaining and caring for particular types of animal
the duration of studies needed to draw conclusionsin particular types of animal. Thiswill vary
according to the biological properties of animals, including the rapidity of bone loss at various
skeletal sitesin the model compared with the lossin humans
the presence in some types of animal of changes in non-bone systems that do not occur in humans,
thereby introducing confounding factorsinto the study
ease and safety in handling of the animals
cultural sensitivities.

Animas selected for sudying the prevention or treetment of osteoporosis may include mice,
rats, rabbits, mini-pigs (specidly bred smadl strains of pigs), sheep, dogs and non-human
primates.

i) what type of study?

In order to amulate clinica Stuations in humans, scientists may choose experimenta designs
that induce bone mass changesin experimenta animas. For example they may dter the
cacium intake of lactating and non-lactating animds, treat animas with cortisone-like drugs or
immobilise them with plaster-cagts. Many of these anima experimental models predict with a
high degree of rdiability the effect of interventionsin humans.

These experimental systems can be used to select agents, treatment schedul es, dosages of potential
interest, and to study fracture healing. Findingsin these systems may decrease the requirementsin a
subsequent program of testing in humans. For instance, adult rats whose ovaries have been removed
(ovariectomized) are useful models for assessing drugs intended for use in preventing and/or treating
postmenopausal osteoporosis. As occurs in women, female rats whose ovaries have been removed show
increased bone turnover and a persisting loss of bone massin several parts of the skeleton, aswell as
similar changes in aspects of bone structure. Furthermore, for many measures designed to counter
osteoporosis, there are striking similarities in bone mass and bone strength changes between these
oophorectomised rats and the bone changes in postmenopausal women.

Neverthel ess the adult oophorectomised rat model has some limitations that should be considered in the
design and interpretation of experimental studies. For instance, oophorectomised rats increase their food
intake; the formation and breakdown of bone also differ in some respects between the two species; and
the parts of the rat and human skeleton that carry load are quite different, with much greater weight-
bearing by the human spine and hip.

® Remodelling (of bone). Thisterm refersto the process occurring in the adult skeleton whereby
mi croscopic amounts of bone are resorbed (broken down) and then new bone is formed at the same site.
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Rodent models are widely used in osteoporosis research. However it is dso highly desrable
to conduct experiments using non-rodent species such as monkeys, mini-pigs, sheep, ferrets
or dogs because their bones and other body systems behave in some respects more like those
of humans. For example, rabbits, dogs and sheep experience an osteoporosis induced by
cortisone-like medications that is Smilar to that occurring in humans. Non-human primates
share many characterigtics relevant to studies of osteoporosis in humans, including menstrua
cycles, reproductive hormone patterns smilar to those of premenopausa women, and
osteopoross due to rapid bone loss, particularly at the spine following removd of the ovaries.
In choosing to do experiments in non-human primates, careful congderation should be given
to ethical and culturd issues, availability, safety and codt factors.

iif) how many animas?

Another important choice in anima studies concerns the number of animasto beincluded in
experimenta groups. The number of animals studied should be no more than needed to
adequately test the proposed trestment.

iv) how isthe amount of bone mineral assessed in animals?

Techniques for assessing bone include single and dual photon absorptiometry (SPA and DPA), single or
dual x-ray absorptiometry (SXA, DXA) and peripheral quantitative computed tomography (pQCT)*.

These methods can be used in living animals without causing any injury. It isessential that whatever
technique is chosen, an assessment is made of both itsprecision and accur acy’ for the animal model to be
used in the experiment. The parts of the skeleton in which bone mineral is measured need to be chosen
carefully if the measurements are to be useful in improving understanding of the disease and of proposed
interventions.

v) why and how is the microscopic structure of anima bone determined?

Assessing the structure of bone microscopicaly in anima studies can provide essentid
information about how trestments work and about their safety in the short- and long-term.
Microscopic andysis can provide useful measurements rel ated to bone remodelling (see page
7). Severa components of bone quality can be assessed including microscopic architecture,
bone texture and the adequacy of mineral deposition. Abnormalitiesin any of these can make
bone susceptible to fracture. The type of microscopic assessment selected should be
appropriate for cancellous or cortical bone (seefigure 1).

vi) how is bone strength tested?

When ng the structural properties of bone removed from large and smdl animals,
researchers should ensure standardised conditions for the preservation and testing of
specimens. Researchers should dways perform tests on several parts of the skeleton, such as
the spine, hip and mid-shaft regions of the long bones. This is because the reative
contributions of cancellous and cortica tissue to overdl bone strength vary markedly
according to the skeletal Site. In addition, these types of bone tissue can be influenced
differently by the experimenta manoeuvre used to induce osteopoross and by the treatment

* These techniques determine the amount of mineral in bone by measuring the absorption of a beam of
radiation by the presence of mineral-containing tissuein its path. Small amounts of radiation are used,
either gammarays from aradioactive source, or x-rays.

® Precision is the ability to obtain the same result from repeated measurements, while accuracy refersto the
technique’ s ability to produce aresult that agrees with direct measurements (for example, of the amount of
calcium in bone samples).
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being tested. Usudly, long bones are tested using bending and torsion (twisting) tests,
vertebral bodies and the neck of the femur (thigh bone) can be assessed using compression
tests.

vii) biochemica markers of bone turnover®

In short-term studies to determine the range of dosages over which atest agent works,
markers of bone turnover can be hepful by predicting how bone densgity and strength may
change with longer exposure to the intervention. They can aso provide supporting evidence of
how atest agent might work in long-term studies. In choosing markers of bone turnover,
preference should be given to those for which there is experimenta evidence to support the
vaidity of their use. Markers of both bone formation and resorption should be measured.

Other gpproaches to gaining information about cacium depogtion in, and release from, bone
involve the use of radioactive cacium, tetracycline or srontium. These substances are
deposited in bone asit is being built, and released as the bone is being broken down.

viii) fracture heding

Interventions that affect the working of living cdlsin bone may influence bone repair following
fracture. For this reason, researchers should conduct appropriate tests on the hedling of
broken bones, particularly when clinica studies of fractures have not been planned.
Standardised experimentd testing of fracture healing has been devised for rats, dogs and

ewes. To determine how well fractures have hedled, both X-ray and microscopic examination
should be undertaken and mechanical tests performed.

IX) what happens to the drug?

In order to obtain appropriate information about the fate of adrug in an animd, researchers
should conduct experimentsin at least two species. It isimportant to discover how well the
drug is absorbed when given by various routes, where it goesin body fluids and tissues, and
how it is chemicdly processed and diminated from the animd’ s body.

For an agent that is deposited in the skeleton, the long- and short-term build-up of low and
high doses of the agent at various skeletd sites should be explored. It is also essentid to
examine how the substance is later released from bone.

X) long-term bone safety issues

Anima studies aso should be used to seek any evidence that potentia trestments might cause
damage to the bones in the long term, for example, impaired bone growth, defectsin the
incorporation of minerdsinto bone, reduced bone mass and changes in bone fragility.

# Other issues. How animd studies are designed
I) prevention or trestment?

® Biochemical markers of bone turnover are molecules produced in humans and experimental animals as
part of the processes of bone formation or resorption (break-down). These substances can be measured
in blood or urine samples to gain information about how actively boneis being formed or broken down.
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Preventive interventions may be introduced in astuation where the amount of bone is normd,
to prevent an unwanted reduction in bone mass and associated problems. When bone massis
alittle below norma (osteopenia) or much below norma (osteopoross), a potentia treatment
may be studied with the aim of increasing bone mass or otherwise reducing the risk of future
fractures. To test preventive interventions they should be started immediatdy after an
osteoporos s-inducing measure isindituted in an anima mode. Interventions being tested for
their ability to treat osteoporosis should be started once the osteoporotic stateis evident in an
anima modd.

i) control groups

A contral group is acomparison group Smilar to the treetment group in al respects except in
not receiving the treetment under study. Control groups are essential for well-designed
preclinica sudies.

i) randomisation

Thisisthe random assgnment (thet is, like picking numbers out of a het) of animasto
treatment and control groups, or to different treatment groups. It helps the statistician to
separate the effect of atrestment from other differences found among animasin any group.
Randomisation helpsin cdculating the likelihood thet the difference seen in an experiment is
due to an effect of the trestment rather than to chance. When we randomise, we are more
likely to end up with groups that are amilar in terms of dl these chance effects and so bias
(recognised or unrecognised) is minimised. Randomisation and bias are discussed more on

page 16.

Iv) duration of studies

The duration of the sudy should be sufficient to take account of the relaively long time it takes
for boneto be replaced. In smdl animds such asrats, thisturnover time is shorter than in
larger species, like man, where full bone replacement takes many years. Thereis some
uncertainty among scientists about how to decide the ided duration of experimentsin various
anima dudies. One suggestion isthat trial measuresin rats should continue for a quarter the
time required for humans while non-human primates should be exposed to interventions for
haf the time required for humans.

Clinical trials

A clinical trial isany systematic study of a drug or other intervention (see page 6) in
patientsor non-patient volunteers.

Usualy theam isto discover or confirm the effects of and/or identify any adverse reaction to
the intervention under investigation. The ultimate am of drug and non-drug interventions -
whether their focusis prevention, minimisation or trestment of osteoporosis - isto reduce the
risk of fragility fractures and associated ill-hedth. Clinica trids may aso attempt to determine
the absorption, distribution, metabolism (chemica processing in the body) and excretion of
test drugs.
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Thisguiderefersmainly to pharmaceutical (drug) interventionsfor preventing,
stabilising or treating osteopor osis. However, much of the discussion isalso
appropriate for the assessment of non-drug measures, such asthe use of hip-
protecting devicesin the elderly and physical activity in all age groups.

Ideally, non-drug interventions should be assessed with the same rigour as drugs. Thisrequires;
measurement of starting conditions, such asthe nutritional state
careful trial design and analysis, including monitoring of adver se events’, compliance® and drop-out
rates (the number of subjects who leave a study before completing it)
random allocation of participantsto intervention or control groups where feasible, and monitoring for
use of the intervention by control subjects, and other biases (such as changesin dietary habits
induced by exercise programs).

In some non-drug interventions such as regular physical activity it isimpossible not to reveal to
participants and investigators who is, and is not, receiving the intervention, and its nature. Such
difficulties should be taken into account when judging claims for effectiveness.

What followsis an outline of particular agpects of bone-rdated research in humans and a brief
description of theindividua phases of clinica drug development.

Use of bone density asa “surrogate” (substitute) for fracturerisk.

M easur ement of bone mineral content (bone density or bone mass) has a central
place in osteopor osis resear ch and the assessment of preventive or treatment
interventions.

In long-term population studies, bone density has been found to be areliable predictor of
fracture risk, at least in Caucasian women. In other races and in men, the vdidity of usng
bone dengty to indicate fracture risk is less strong. Determining overdl fracture risk involves
more than measuring bone dengity, because of the influence of a number of other factors
which areinvolved, such as age, ethnicity, family history of fracture, and the tendency to fall.

In studies where bone dengty measurements are used to estimate fracture risk, it isimportant
to understand that alow bone density does not mean afractureisinevitable - only that the risk
Is higher than norma. On the other hand, a high bone density does not guarantee a person will
never experience afracture.

Bone densty ismost rdiable in predicting fracture risk in the early stages of osteoporosis
when the microscopic structure of bone is near norma. With advancing age and progressive
bone loss, “other skeletd factors’ and factors beyond the skeleton have an increasingly
evident influence on fracture risk. Examples of these other skeletd influences include the shape

’ Adverse events are symptoms, diseases or other deterioration in the state of health of trial subjects,
whether or not the occurrence is thought to be related to the study intervention.

8 Compliance s the extent to which study subjects comply with the requirements of aclinical trial. It refers
in particular to their taking of the intervention being tested.
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of bone and microscopic abnormdities within it. The contribution of factors other than bone
dengity to fracture risk increases with age and varies with ethnicity. Therefore, bone dengity
measurements provide less information about the risk of fracturesin ederly non-Caucasan
groups.

Before embarking on aclinicd trid in which bone density measurements are to be used to
estimate fracture risk, researchers first need to perform anima studies including appropriate
studies of the fine structure of bone and its response to a potentia therapy to ensure that any
proposed treatment |eads to the production of healthy bone with adequate strength.

# Bone dendty measurement techniques

Non-invasive techniques for measuring bone density® include single and dual photon absorptiometry
(SPA and DPA), single or dual energy x-ray absorptiometry (SXA, DXA), quantitative computed
tomography (QCT ), neutron activation analysis, quantitative radiography and ultrasound. Standard x-
rays are avery unreliable way to assess bone mineral levels. The widely-used dual energy x-ray
absorptiometry (DXA) technique has many advantages but does not measure the true density of bone,
instead giving avalue for mineral content within a particular area of bone.

In principle, any of the well-established bone densty measurement techniquesis usablein
clinical trids of osteoporosis provided that characteristics like precison, accuracy (see page
8) and biologica interpretation are taken into account. In genera, bone density should be
measured a two or more skeletd sites, one of which should be the spine or hip.

# Fracture assessment and height

All fractures that a subject has suffered before entering aclinica trial should be recorded.
Once atria has garted, details of any other fractures occurring should be documented with
information on when and how they happened.

In assessing the occurrence of spind fractures, measurements of vertebra bone dimensions
are needed. Thisisimportant because obtaining confirmation of suspected vertebrd fractures
can pose problems due to the lack of uniformity among researchersin defining the features of
spind fractures seen on x-ray.

See Figure 3.

°Explained on page 10. Most of these techniques determine the amount of mineral in bone by measuring
the absorption of abeam of radiation by the presence of mineral-containing tissue in the beam’ s path.
Small amounts of radiation are used, most often in the form of x-rays.
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Figure 3. Lateral (side) view of vertebral bodies.
Source: van Kuiik and Genant, 1995
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Ininterpreting vertebral bone dimensions the following issues should be considered;

- not all vertebral deformities are due to osteoporosis (for example, they may result from an abnormality
aperson isborn with)
variationsin “normal” vertebral dimensions occur at different vertebral levels. An overestimate of
spinal fractures may occur when alarge number of vertebral measurements are made in individual
participants (thisis the problem of “false positives”).

A high false-positive rate for spinal fractures can have a profound impact on the interpretation of clinical
trials, tending to decrease the perceived efficacy of an intervention or to distort the trial’ sresultsin other
ways.

Studies of spinal fracture should;
provide detailed information about the criteria (that is, the rules) used to define fracture occurrence
before or during trials
distinguish between fractures occurring in previously undeformed vertebrae and progressive
deformitiesin previously fractured or deformed vertebrae
clearly state numbers and severity of fractures and numbers of affected individuals
in multicentre studies, ensure that x-rays are read at a central location from which quality control is
overseen.

An additiona informative way of assessing an intervention’s effect on spind fracture
occurrence in trias of established osteopoross isto monitor differences in the height of
individuasin trestment and control groups.
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# Qudlity of life and other measurements

Decreasad illness and improvement in qudity of life are what anti-fracture interventions
ultimatdy am to achieve. Improved ways to measure qudity of life are under devel opment
and should provide researchers with useful tools in future intervention studies.

Other types of measurement are used not to test the effectiveness of an agent, but to assess
how it affects bone and its safety in dlinicd use.

Bone biopsy measurements (measurements on small samples of bone usudly removed with a
needle) may be useful in assessing how an intervention works, its impact on bone structure
and, very importantly, its sefety. Measurements on bone specimens are helpful particularly in
determining the rate at which bone is formed and resorbed (broken down) and the adequacy
of incorporation of minerds into the bone. However, because biopsies are necessarily taken
from aredricted skeletd Ste they are not helpful in obtaining generd bone dengty information.
Biopsies of bone should usudly be performed at the end of the period of exposureto an
intervention.

Indicators of bone turnover can sometimes help in ng trestments. They include calcium
levelsin the blood and urine, indices of bone collagen turnover and other markers of the
activity of bone cdls, e.g. dkaline phosphatase (an enzyme produced by bone-forming cells).
When kidney or liver disease is present, interpretation of findings demands greet care Snce
these organs are involved in the chemical processing and excretion of these indicators.

Clinical trial methods; general principles
When studying the effectiveness of preventive or treetment interventions, anumber of generd
design principles should be considered.

# The protocol

Every clinical trial should be carried out in accordance with a protocal, that isa
document stating the background, rationale and objectives of thetrial and that
describesits design, methodology and organisation, including statistical

consder ations, and the conditions under which it isto be performed and managed.

The protocol should gtate the reasons why the trid should be undertaken in humans; the nature
and degree of any known risks; the groups from which it is proposed thet trid subjects will be
sdlected; and the means for ensuring that they are adequatdly informed before they give ther
consent to participate. It should receive scientific and ethical gppraisa by one or more review
bodies (such as an indtitutiond review board, ethics committee, drug regulatory authority),
condtituted appropriately and independent of the investigators and the source of funding.

# The population studied

Thetrid being undertaken should have relevance for participants. For example, it would be
ingppropriate to study the effectiveness of an osteoporos's prevention measure in individuas
with established osteoporosis. Further, the trid should be performed in a population sample
of the same ethnic composition as the population to be targeted for the intervention.
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Beforethetrid gtarts, the target population should be defined according to gender, age, ethnic
compoasition, nutritiond datus, state of hedlth, development and maturity, and, where
appropriate, the cause of osteoporosis or osteopenia (low bone mass). Other factors
implicated in osteopoross should be documented, for example, smoking and family history of
fractures. In postmenopausa women, the date of menopause should be documented and
whether it occurred naturdly or was induced, e.g. by gynaecologica surgery. If aknown
bone-depleting therapy such as a cortisone-like medication has been used, its dose and
duration should be noted. In future, as clinicaly useful genetic markers of low bone dengty or
fracture risk are identified, these may have arole in determining responsivenessto a particular
preventive or trestment measure. Therefore, these markers may dso influence the selection of
subjectsfor clinicd trids.

The characterigtics of individuds suitable and unsuitable for incluson in the trid need to be
Specified. Factorsto be consdered include the cause of bone loss, the presence of other
diseases which might affect bone and trestment with other bone-active medications. Careful
use of these and other criteria can strengthen astudy, but it isimportant that entry in atrid is
not so redtricted that the results can be gpplied in only afew patients.

Since men may aso be affected by osteoporosisit isimportant that clinicd trids are
conducted in both sexes, asituation that applies equdly in sudies of al diseases where
gender-specific risks have not been identified. Men may be studied in separate trids or
included with women if the study design method called dratification is used (see page 17).

# The treatment approach

When the trid design includes a combination of treatments, or treatments given one fter the
other, each individua trestment should be tested unless previous studies provide sound
scientific reasons for combined or sequentia therapies.

# Study design

The protocol should include a description of the end-points, that is, criteria that can
be measur ed to assess whether an intervention has been effective. End-points for
effectiveness differ from measurements used to assess an intervention’s safety or intended to
provide information about the way a treatment affects bone. The choice of end-points
depends on the stage of drug development and associated aims.

For long-term studies, end-points may include the occurrence of fractures, bone mass
measurements, skeleta architecture (studies of fine structure of bone and of those factors
determining bone strength), and improvement in symptoms related to osteopoross.

Many trids are randomised (see page 12) and placebo-controlled.

A control group is acomparison group intended to be smilar to the treestment except in not
receiving the trestment under study.

A placebo is aharmless inactive substance which is given to the control group insteed of a
biologicaly active agent to help separate the effects of the agent from other influences related
to participation in the trid. The use of a placebo means that the involvement of the control
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group inthetrid can mimic the actively-treated group in al respects except that the control
group does not receive the treetment being tested.

In many dinica trids, dl participants are given an active agent (usudly cacium tablets) in
addition to the placebo or test agent.

Stratification - the separation of the study population according to relevant characteristics so that groups
can be matched - may be appropriate when mixed populations are studied such as men and women, or
patients with different causes of osteoporosis.

Cross-over studies - that is, when the intervention is applied to one group of participants then to another
during the progress of the clinical trial - are not usually practical in bone studies due to the long-term
effects of interventions on bone turnover. Exceptions occur in studies that are looking specifically at what
happens to bone when a particular intervention is ceased.

It isimportant that clinicd trid participants are randomly assigned to a placebo group or to
treatment groups. This helps the Satistician to separate the effect of the trestment from that of
the differences found among patients within different groups. Randomisation is one of the ways
to minimise the chances of biasin atrid. Without randomisation, someone has to make a
decisgon about whether a patient gets the test intervention or something else. If we do not
randomise we are likely to end up with subtle differences between groups. For example, we
might think that a particular person is more likely to be suited to the test thergpy than to its
dternative. Unfortunately, these subtle selection differences tend to happen without awareness
that they are occurring. It is dso important that, where possible, researchers and others
dedling with the different patient groupsin atrid are not aware which patients are receiving an
active intervention and which are recelving a placebo. Thisis referred to as blinding of the
research team. Blinding isimportant to ensure that the researchers do not (subconscioudly)
ded with some subjects or their results differently because of the trestment the subjects are
recelving. Where possible, the trid subjects dso should be blinded, that is, unaware during
thetrid of the intervention or placebo they are receiving. When the researchers and the trid
subjects both are unaware of who is receiving active and placebo agents, the trid is described
as double-blind.

Direct evidence for effectiveness of thergpies (rather than supporting or circumstantial
evidence) is best obtained from prospective studies, that is, trias that monitor the responses of
subjects for afixed period of time from the start of treatment. Retrospective studies which
look back on previous use of the intervention are more likdly to produce mideading findings.
They are limited due to factors such as lack of randomisation, lack of blinding and, generdly,
an inferior qudity of information gathering.

While dlinica studies of efficacy generdly should be randomised, controlled and double blind,
researchers should recognise that in long-term randomised studies the rate at which subjects
leave the study before completing it (i.e. “drop out™) may be gppreciable, which dso
complicates interpretation of the findings. To help detect biased results due to drop-ouits,
reasons for withdrawal should be reported together with an andlysis of the way withdrawing
individuds differ from those completing the trid.
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In most sudy designs, the duration of exposure of controls (to a proven active agent or to a
placebo) should be identicd to the exposure of participants receiving the test intervention. The
timing and dose of the thergpy should duplicate that intended for use in the hedlth care setting.

#Duration of sudies

The ability to detect changes in bone mass or dendty in aclinical study depends on;
the rate of bone gain or loss
the duration of the study
the precision of the techniques used to measure end-points (see page 8).

Virtudly dl the interventions investigated to date to prevent, minimise or reverse human bone
lossinduce initia changesin bone mass that take around two years to reach a Steady Sate,
that is, a new baance between bone gain and loss. Thisis an important reason for continuing
clinicd trias of bone thergpiesfor severd yearsat least. In addition, at least severd years of
observation are needed to detect meaningful changesin the rate of fracture.

# Numbers of people studied
Factorsthat influence the number of participantsin astudy are;
the nature of the hypothesis and end-point(s) to be examined
clinically relevant differencesin effects between the treated and control groups
the precision of the techniques selected for measuring end-pointsin the population under study
the duration of the study
the anticipated rate and probable timing of drop-outs.
the range of observed responses to the test and control agents during the study.

Studies should include sufficient participants to detect clinically important differences where
they exigt, and not to falsely detect an gpparent difference that may have occurred by chance.
The study should be designed so thet thereis at least an 80% chance of detecting aclinicaly
ggnificant effect of the intervention and a less than 5% chance that an apparent differenceis
untrue, having occurred by chance.
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# Frequency of messurement

Bone minerd measurements should be undertaken at least every six months where studies of
two to three years duration are envisaged, and at least once a year for studies continuing
beyond three years. X-rays of the spine, where taken, should be yearly.

This measuring schedule should be undertaken to;
safeguard againgt measurement problems
document short-term changes and new steady states
compare rates of change in bone dengity

# Safety issues

Researchers should take account of potentia hazards of techniques. For example, bone
dengity tests such as SPA, DPA, SXA and DXA (see page 14) use very smal amounts of
radiation and may be acceptable for children but computed tomography (CT) has a higher
radiation dose and may not be suitable in aresearch setting.

Toolsfor investigating safety aspectsinclude studies of how drugs are processed in the body,
evauation of blood counts, tests of kidney and liver function, blood calcium and phosphate
levels and, in some circumstances, bone biopsy (see page 16).

There should be provison for analysing safety and efficacy end-points a least annudly during
atria without reveding to participants and investigators details of the response to intervention.
Rules should be established for every trid to ensure that this monitoring procedure will detect
an unacceptable hazard to participants and that the tria will be stopped in such an event.

The sze of atrid should be sufficient to adequately assess the sefety of an agent in rdation to
its likely benefit to atarget population. The lower the risk of fracturesin a population, the
greater isthe need to demondrate the safety of an intervention by studying large numbers of
subjects (that is, to show that there is afavourable benefit-to-risk ratio).

# Good clinical practice

Researchers should consult the guiddines for good clinica practice for trids on pharmaceutica
products (World Hedlth Organisation, 1995).

Phases of clinical drug development

Theclinical development of a drug progresses through several phases allowing the
short- term safety, chemical processing and excretion by the body, the way the drug
works, its efficacy, long-term safety and overall therapeutic usefulnessto be
evaluated in an appropriate sequence.

1) Phase | studies
Thefirst study of a new phar maceutical agent (drug) or new drug formulation in
humansisknown asa Phase| study.
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Its principa am isto ensure the agent or formulation is safe and well-tolerated. Other ams are
to gain an outline of how the agent or formulation acts in the body and the way the body
processes and excretes it. Thistype of information hel psin predicting whether peopleiniill-
hedlth (with conditions such as kidney or liver disease) will experience adverse effects as ther
bodies attempt to handle the agent. Preclinical (animd) findings should be used asaguidein
designing these sudies.

Phase | studies on bone-active agents are generdly carried out in smal numbers of hedthy
volunteers. However, it may be gppropriate to go beyond the healthy population and include
patients with osteoporosis, for example, where the agent is known to persist in the body for a

vay long time.

i) Phase |l sudies

The purpose of a Phase |l study isto demonstrate that the agent being tested hasa
beneficial effect and is safe for short-term usein patients suffering from a disease or
condition which the agent isintended to counter.

A further am of phase Il studiesisto explore arange of possible dosages and their effects. In
S0 doing, it is hoped to identify a dose which provides a beneficid trestment effect and which
is also well-tolerated by patients.

Phase Il sudiesinvolve alimited number of participants, should include double blind,
randomised, controlled trids and should be of a sufficient Sze and of a duration long enough to
demondirate the effect of the drug on a defined end-point. Whether the study is placebo-
controlled or not depends on whether an established treatment or placebo isto be used in the
control group.

Possible end-points for phase |1 studies include:
biochemical indicators of bone formation and resorption.
bone mineral measurements at clinically relevant sites.
in some circumstances (depending on preclinical findings), bone biopsies to assess bone architecture
and quality.
additional endpoints need to be considered where an intervention causes changes in bone size, body
fat or lean body mass, or affects the accuracy of bone density measurements.
measurements rel ated to the body’ s handling of cal cium also may be performed to improve
understanding of how the agent works.

iii) Phase 11l sudies

Thesearetrialsin large numbers of subjectswith the purpose of determining the
short- and long-term safety and effectiveness of a drug preparation and of assessing
its usefulness as a treatment.

Confirmation of effectiveness requires supporting evidence from at least two well-desgned
sudies. Assessments of safety require a careful analysis of the number of participants studied,
their state of hedlth and their duration of exposure to the test agent. The circumstances of
studying test agents should be as close as possible to norma conditions of use.
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Phase Il trialsin established osteoporosis

Patients participating in phase 111 studies of established osteoporosiswill have had one or more fragility
fractures beforehand. Patients entering these trials may need to be graded according to their type of
fracture, their gender and other factors. Where the test agent islikely to be used by the very elderly, this
group should comprise a substantial part of thetrial population. In selecting patients, researchers should
exclude those with nutritional disorders unlessthetrial agent isintended to correct these deficiencies or
counteract their effects on bone.

In planning studies to show the effectiveness of an intervention, the end-points selected will depend on
the findings of animal studies and the class of compound that is being tested. Ideally, the treatment would
aim to reduce therisk of fracturein apatient to that of a healthy adult of the same age and sex. In practice,
most study aims are less ambitious but nonethel ess worthwhile. They may include preventing a
worsening of fracture risk or reducing the impact of osteoporosis on enjoyment of life. In order to
maximise benefits, the treatment should be applied as early as possible in the natural history of the
disorder.

Increasing bone density alone is inadequate evidence of effectivenessin many situations, for example
postmenopausal osteoporosis, since the architecture of bone in established osteoporosisis abnormal and
an increase in bone density may not lead to a proportional increase in bone strength. Claimsfor a
beneficial effect of atherapy are strengthened by preclinical and clinical evidence that the quality of bone
formed isnormal, or that fracture frequency is reduced.

Phase |11 bone density assessments should be made at both cortical and cancellous bone sites (see page
4) related to clinically important fracture sites for the particular population under study. Their assessment
should usually be undertaken for a minimum of three years and sometimes for five to ten years.
Researchers should al so establish that increases in bone mass at one site are not associated with
weakening of bone at another. In practice, at least two skeletal sites should be measured. The rate at
which abeneficial effect wears off after therapy is stopped should also be studied.

Sincethe elderly population, which is most likely to experience osteoporosis, is also likely to have other
illnesses and to be administered other drugs, investigators need to assess potential disease-related and
drug interactions.

Where the intervention in established osteoporosisisintended to decrease falls or their severity, the
standards of research should be just asrigorous as for drug trials. For example, every effort should be
made to randomly all ocate patients to groups receiving and not receiving the intervention and, where
feasible, to restrict information about the nature of the intervention and who isreceiving it, while the trial
isin progress and during analysis of the results.

Phase 1l trialsin osteoporosis

Patients accepted into phase |11 studies of osteoporosis should have a bone density below an appropriate
cut-off value. In the case of women, this cut-off is abone mineral measurement at the site of interest
approximately 30% or more below the average for young healthy adults. For men the same absol ute cut-off
may be used or abone mineral measurement giving afracture risk greater than an acceptable norm.

Many of the points made for phase 111 studies of established osteoporosis apply.
In studies of postmenopausal osteoporosis where fractures are unlikely in the immediate postmenopausal

period, the prevention or reduction of bone loss at specific sites are appropriate end-points for
effectiveness.

Phase |11 trialsin subjects with low bone mass (osteopenia)
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Patients with osteopenia have aless severe or immediate clinical problem than those with osteoporosis or
established osteoporosis. Many healthy individuals, especially in the older female popul ation, have bone
mass in thisrange.

Since stage of menopause has a powerful influence on the rate of change in bone mass, this should be
documented. And because the osteopenic populationislikely to be large, researchers should consider
restricting the study to specific groups, for example individuals whose condition is related to use of
cortisone-like drugs or to immobilisation. Unlessthetrial intervention is nutritional in type, the nutritional
status of the population to be studied should be normal.

Before atrial starts, there should be substantial evidence to demonstrate the safety of thetrial
intervention. Studies should continue for at |east three years to ensure that effectiveness and safety
persist with long-term exposure. Thisis particularly important where interventions are targeted at
relatively young populations. The size of the study should be sufficient to allow detection of small
increasesin clinically significant adverse events attributable to the trial intervention.

Intrials of treatment for low bone mass, enhancement or preservation of bone massis generally regarded
as an acceptable end-point for effectiveness. Investigators should ensure that bone mass measurements
include clinically relevant sites. In some circumstances where fracture risk isrelatively high, such asin
nursing home patients, fracture rates may be appropriate primary end-points. A number of secondary
endpoints may be specified, including bone biopsy in some circumstances.

Phase l11 trials in subjects with normal bone mass
Participantsin astudy may be drawn from the normal population at various ages or represent a small
group exposed to a particular risk for fractures.

Clinical trialsin this group may be performed to assess the saf ety and effectiveness of new pharmaceutical
agents, non-drug interventions (such as regular weight-bearing physical activity) and combinations of
these.

Appropriate end-points may include bone mass measurements and sometimes change in fracture risk.
Where normal subjects are studied, the future devel opment of measurement techniques which avoid
exposure to radiation is highly desirable. Studies should continue for at least three years unless the
duration of risk exposureis brief, and should have enough participants to enable detection of very
uncommon adverse effects of the intervention.

Iv) Phase IV studies
These studiesare carried out on the basis of the product characteristicsfor which
marketing of a drug has already been approved.

They include post-marketing survelllance (for example, monitoring for adverse effects) and
further assessment of how adrug is used in dinica practice and of its overal usefulness.

Phase |V studies are particularly important because agents used to prevent or treat
osteoporosis are commonly prescribed for along time and, even after trestment ends, they
may be retained in bone for many additiona years. Such studies are performed to further
demondrate the intervention’s safety and the persstence of its beneficid effects.

Approaches to re-introducing the treatment where appropriate aso may be studied in phase
IV. Itisimportant to note that even serious adverse reactions may not have been detected
with earlier sudiesif such responses occur rardly. Also, potentid for adverse effects and
interactions with other drugsis particularly high in ederly people who are most likdly to have
osteoporosis-related problems. Phase 1V studies also provide an opportunity for risk-benefit
studies and studies of the economic impact of targeting adrug to particular groups for whom it
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seems to offer dgnificant benefits. It isimportant that phase IV sudies document fracture
events. Phase IV studies also have the potentia to detect unintended and unsuspected
beneficid effects, further emphasising the vaue of good post-marketing research.

Mogt phase IV studies should include a control group. An exception sometimes arises when
safety issues are being addressed and the main aim is to estimate the occurrence of adverse
effects.

Onetype of phase IV study, known as a cohort study, apart from studying effectiveness (or efficacy), aims
to detect non-intended adverse and beneficial effects of atherapy. Thistype of study comparesthe
findings with what occursin anon-treatment group or a group receiving another therapy by following the
participants over time. The main drawback of thistype of study isits non-randomised nature.

Another phase IV design, the case-control study, compares reports of the number of cases of acondition
which may occur as an adverse event in people receiving atherapy with cases of the condition occurring
in acomparable group of people not receiving it. The aim isto seek any association between the particular
condition and the therapy. A major drawback of this approach isthe potential for biasin selecting
controls.

Another option isarandomised controlled trial, for example, comparing the test agent with another
established treatment. If thetrial is placebo-controlled, patients joining such a study should be informed
that they might receive an active agent or a placebo.

*kk*k
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Further information about osteoporosisand clinical trials
- National osteoporosis societies

- International Osteoporosis Foundation

- National Osteopoross Foundation of the USA

- International Society for Clinical Denstometry

- Internationa Bone and Minerd Society

- International League of Associations for Rheumatology

- American Society for Bone and Minerad Research

Further reading

Studies of drugs and other measures to prevent and treat osteoporosis: a brief guide. Also on
thiswebsite.

Guideines for preclinica evauation and clinicd tridsin osteopoross. World Hedlth
Organization, Geneva (1998).

Assessment of fracture risk and its gpplication to screening for postmenopausa osteoporosis.
Technica Report Series 843; World Hedth Organization, Geneva (1994).

Guiddinesfor good clinica practice (GCP) for trids on pharmaceutical products. Technical
Report Series 850. World Hedth Organization, Geneva (1995).
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