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INTRODUCTION

INTRODUCTION

This research develops a detailed systematic review of therapy evidence on
bisphosphonate effects in multiple myeloma patients. The objectives of this work are
threefold:

e To introduce and discuss the advantages and also the shortcomings of
systematic reviews, providing insights into a still not especially diffused
methodology in the healthcare decision-making process;

e To give an up-to-date overview of multiple myeloma therapy and man-
agement, focusing on bone disease management with bisphospho-
nates;

e To develop a systematic review, by means of a meta-analysis of study
data, on bisphosphonate effects in multiple myeloma patients. In addi-
tion, data from observational studies and case reports on osteonecro-
sis of jaw (ONJ), a side-effect only in recent years associated with
bisphosphonates, will be analyzed in order to obtain a new evidence
for a risk-benefit reevaluation of bisphosphonate therapy.

A systematic review is defined as a method to synthesising and analysing the
results of different research on a specific topic using a careful handling of data,
mostly by means of statistical tools, called meta-analysis. This term encompasses all
the methods and techniques of quantitative research synthesis used during the de-
velopment of a systematic review. The aim is to reach conclusions that are stronger
and more reliable for clinical practice than the results of individual studies. System-
atic review and meta-analysis can both be understood as a type of survey in which
research and study data, rather than people, are investigated. They presuppose the
cumulative nature of research evidence. As such, they are part of the broader field of
what is known as evidence-based medicine, which aims not only to use the best evi-
dence [Sackett 1996] available to make better decisions in health cases, but also to
provide methods to assess the quality and reliability of the evidence itself.

However, as a systematic review can reduce biases that may occur in single
studies or experience-based evaluations by the determination of the effect size and
the precision of study results, it could in some cases contradict individual studies or
expert opinions.

A methodologically effective way to conduct a systematic review requires
constant update of the analysis through the integration of data coming in from new
studies and an attentive reviewing process. The Cochrane Collaboration has taken
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INTRODUCTION

up this challenge for health care issues. An international organisation founded in
1993 under the leadership of lain Chalmers in the United Kingdom, the Cochrane
Collaboration now includes over 11 500 researchers worldwide who apply a system-
atic process to review effects tested in biomedical randomised controlled trials. The
results of these reviews are published in the Cochrane Library databases and are
available on line.

Meta-analysis, the methodological backbone of systematic reviews, is not
without drawbacks, however. These should be carefully considered at each stage of
the reviewing process. Properly done, a meta-analysis takes considerably more ef-
fort and expertise than a conventional qualitative research review and requires the
application of specialised knowledge of statistical tools.

Besides the problem of complexity, the most persistent criticism of meta-
analysis is the heterogeneity of separate studies that are averaged together in a
grand mean effect size. This criticism concerns not only differences in sampled
populations across studies, but also differences in the methodological quality of
study findings. In such cases, a good meta-analysis of poorly designed studies will
still result in bad statistics. We could summarise these criticisms as the “mixing ap-
ples and oranges” and the “garbage-in, garbage-out” problems.

Regarding the first criticism, technical advances in meta-analysis now allow
for statistical testing of homogeneity to decide wether a grouping of effect-sizes from
isolated studies show a greater variation than would be expected from sampling er-
ror alone. This provides a test to determine if different results may or may not be
comparable for the purposes of meta-analysis.

To address the second problem, one should keep strict methodological crite-
ria for accepting studies which are to be included in the analysis. This assures the
analysis is conducted on the “best evidence” only (that is, randomised controlled tri-
als, or RCTs), but narrows the research domain, for instance, by relying on published
studies alone. This may increase the reviewed effect, since it is very hard to publish
studies that show no significant results. This is an example of the “publication bias”
problem. There are also many other biases that may be introduced in the process of
locating, selecting, and combining studies [Easterbrook 1991, Ggtzsche 1987, Egger
1997a].

However, when the quality of research has been adequate, research synthe-
ses have had an important impact on policy and practice [Chalmers 2001, Chelimsky
1995].

This thesis aims to assist medical professionals, researchers, consumers and
policy makers in updating current knowledge in the therapy management of bone
disease in multiple myeloma patients and to address potential questions for further
research.



INTRODUCTION

Treatment of multiple myeloma, a B-cell cancer, is usually palliative. Bone
disease affects 70% of multiple myeloma patients [Badros 2006] and causes several
complications, such as pathologic fractures, severe bone pain, impaired mobility,
spinal cord compression and hypercalcaemia, leading to greater morbidity and
poorer quality of life (QOL) for patients. Management of these complications can in-
clude treatment with bisphosphonates.

Bisphosphonates are endogenous pyrophosphate analogues in which a car-
bon atom replaces the central oxygen atom with various side chains (P-C-P) [Rodan
1996]. The presence of a hydroxyl group (-OH) as a side chain of bisphosphonates
enhances the capacity to chelate with calcium ions. This leads to their binding to hy-
droxyapatite bone mineral surfaces and their internalisation by bone-resorting osteo-
clast and osteoclast inhibition [Rogers 2000, Berenson 1998, Fleisch 1997]. There
are eight bisphosphonates currently on the market. Out of these, the following five
bisphosphonates have been tested through RCTs that aimed to improve the condi-
tion of patients with multiple myeloma: clodronate, etidronate, ibandrontate, pa-
midronate and zoldronate (Table 14, Table15). However, etidronate has not been
proven beneficial in clinical trials on multiple myeloma [Belch 1991, Daragon 1993].

In order to identify all relevant studies for this thesis, MEDLINE, EMBASE and
the Cochrane Controlled Trials Register (CCTR) were searched.

MEDLINE is probably the best known free access database. It is accessible
via PubMed and alternative platforms that indexes approximately one-third of all
medical and health-related literature. It was developed in the USA by the National
Library of Medicine at the National Institutes of Health and uses a specific thesaurus
for indexing. This is called Medical Subject Headings, or MeSH.

The EMBASE is the second best known indexing database. It requires a fee
for use. It covers all MEDLINE database records and also allows access to over
1,800 biomedical journals, not covered in PubMed (approximately 25% more jour-
nals). EMBASE uses a thesaurus for indexing EMTREE to search MEDLINE and
EMBASE records.

MeSH and EMBASE's EMTREE tools both allow for improved and broader
searches, taking into account synonyms used both as text words and keywords (in-
dex terms) in the databases. By default, PubMed and EMBASE automatically “map”
input to the appropriate subtree of MeSH/EMTREE synonyms. It is also possible to
perform a specific MeSH/EMTREE terms search in order to identify all synonyms for
related terms. When the search in PubMed is performed, it is possible to refine the
search by clicking on subheadings, thereby restricting the MeSH terms to those
found in specific contexts. The record of the subheadings is listed in Table 1. The
use of this option should supplement rather than limit the search, so that improperly
coded articles are not missed.
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Table 1. List of subheadings available in PubMed to refine the MeSH term
search.

Administration and dosage

Adverse effects

Analogs and derivatives

Analysis

Blood

Chemical synthesis

Chemistry

Diagnostic use

Economics

Immunology

Isolation and purification

Metabolism

Pharmacokinetics

Pharmacology supply and distribution
Therapeutic use

Toxicity

Urine

The Cochrane Controlled Trials Register (CCTR) is a bibliography of con-
trolled trials, downloaded from databases such as MEDLINE and EMBASE or identi-
fied through manual searching of journals by Cochrane Collaboration participants.

Bisphosphonates were investigated in numerous preclinical and clinical trials
for several indications. Their role in multiple myeloma concerning patients’ mortality
and QOL is still unclear. In this thesis efforts were made, if not to completely answer
these questions, then at least to call attention to the need for further research and to
offer some suggestions about how this could be done.

As in most clinical trials, safety data are generally assessed less rigor-
ously than efficacy data [Lassere 2005]. Bisphosphonate RCTs also report exclu-
sively Gl side-effects. Other bisphosphonate side-effect evidence can be found in
either descriptive studies such as case reports or case series, or observational stud-
ies without a control group. Their credibility depends on the number of cases re-
ported. The reason behind this difference in their assessment in clinical trials is that
the regulatory agencies (the US Food and Drug Administration or the FDA, the
European Medicines Agency or the EMEA) give the drug market authorisations
based primarily on determination of efficacy and not of safety. Furthermore, as there
is a possibility that a rare side-effect may come to light after a drug is approved and
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used by the larger population, post-marketing surveillance is a very important issue.
However, safety reports to the agencies are made on a voluntary basis.

In order to show how seriously insufficient the existing monitoring systems of
the post-marketing safety issue by national authorities are, a brief example will be
described. This is, not only relevant to the issue of bisphosphonate therapy, but also
the global health-care system.

In 2005, facing the large number of published case reports on ONJ, a side-
effect, only in recent years associated with bisphosphonate use, the FDA’s On-
cologic Drugs Advisory Committee (ODAC) re-evaluated the risk/benefit ratio of in-
travenous bisphosphonates in multiple myeloma, breast cancer and prostate cancer
patients being treated for metastatic bone disease. During the ODAC meeting, com-
mittee members (mostly independent experts) evaluated in an open forum presenta-
tions made by Novartis, the pharmaceutical sponsor of pamidronate and zoldronate,
which were the drugs under review. FDA review staff and a third-party oncology ex-
pert, Dr. Brian Durie, also took part. The FDA review staff could not determine any
proven occurrence of ONJ. A search carried out in the FDA's Adverse Event Report-
ing System (AERS), known as MedWatch, shows that only 9 ONJ cases were volun-
tarily reported in 2002. Novartis was supporting a retrospective chart review of 2, 500
patients who had been treated with intravenous bisphosphonates at MD Anderson
Clinical Center over the last ten years. 11 ONJ cases occurred in 631 breast cancer
patients and 6 ONJ cases occurred in 148 multiple myeloma patients. Dr. Brian
Durie presented an online survey on ONJ conducted by himself in collaboration with
the International Myeloma Foundation. In total, 904 multiple myeloma and 299 breast
cancer patients, responded to the survey, 116 ONJ cases were reported in the mye-
loma and 36 in the breast cancer patients. The meeting ended with the committee
providing recommendations to the FDA suggesting that the benefits of pamidronate
and zoldronate remained greater than the risks (It should be noted that warnings
about ONJ were already stated on pamidronate and zoldronate product information
labels).

Based on this example, it is clear that lack of evidence is a serious issue
when the risks/benefits of therapies need be re-evaluated. This thesis has therefore
undertaken a review of published ONJ case reports and observational studies to in-
vestigate the amount of evidence on this particular side-effect. A critical amount of
evidence shows that ONJ is not a rare side-effect, leading to the conclusion that au-
thorities require an in-depth investigation by manufacturers on this point. Finally, the
general question will be addressed as to how the evidence of reported cases and
observations should be assessed.

Ultimately, an analogous analysis for other bisphosphonate side-effects would
also be necessary. This would, however, go beyond the scope of this work.

10
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All bisphosphonates can cause hypocalcaemia, regardless of their method of
administration, though this is infrequently found to be a clinically symptomatic prob-
lem. The most common side-effects with oral bisphosphonates (depending on
whether an aminobisphosphonate or a non-aminobisphosphonate is being used) are
upper gastrointestinal problems, such as gastritis [Van Holten-Verzantvoort 1993]
and diarrhoea [Atula 2003]. IV infusions can be associated with injection site reac-
tion and acute systematic inflammatory reactions [Tanvetyanon 2006].

Renal dysfunction is a particularly problematic adverse event which may also
occur after infusion of IV bisphosphonates. However, the incidence may vary be-
tween agents, depending on renal uptake and elimination. The FDA reported that 72
patients suffered renal failure following zoledronate therapy [Chang 2003]. As a re-
sult, the product labels of pamidronate and zoledronate were amended to include
additional nephrotoxicity warnings.

An oncologist’'s decision to use bisphosphonates for multiple myeloma pa-
tients is based on evidence about their efficacy and safety. A selection of which
bisphosphonates must be used should ideally be based on evidence from compara-
tive trials. Unfortunately, there is only one comparative Rosen [2004] study [Rosen
2001, 2003, 2004, Berenson 2001], and its data were not adequately reported.
Comparative investigations should be urgently done in the future in order to decide
on the best possible medical treatment.

The thesis is structured in the following way:

Part 1 is a general overview of the methodological approaches to the review-
ing and meta-analysis process.

Part 2 is an overview of options in multiple myeloma therapy, including mye-
loma staging criteria, response criteria and compounds available. Additionally bone
disease management with bisphosphonates is introduced.

Part 3 develops and discusses the results of the systematic review and meta-
analysis conducted on efficacy data obtained from randomised trials in bisphospho-
nate therapy in multiple myeloma patients. In addition, a review of ONJ observational
studies will be conducted, followed by a listekd summary of published case reports.

In this thesis, the quality of the studies referred to, was assessed by means of
a checklist, in order to make the weighting decisions of each study more transparent.
The Appendix includes copies of these checklists showing how each study evaluated
according the quality criteria.

11



1. METHODOLOGY

PART 1. METHODOLOGY

1.1. Systematic Review Process

1.1.1. Introduction

A systematic review of study data for a specific treatment involves careful and
systematic data collection, quality data measurement and synthesis of the available
information, either unpublished or published. The aim of systematic reviews in medi-
cal care is to answer a specific medical question based on all of the best evidence
available. This kind of review is an essential tool for medical professionals who want
to keep up with progress being made in their field.

This research used the formal method advised by the Cochrane Collaboration
[Clarke 1999] to produce explicitly formulated, reproducible and up-to-date summa-
ries of the treatment effects.

The process of systematic reviewing involves a number of steps: formulating
of research questions, finding studies to potentially include, appraising and selecting
of studies and summarising and synthesising relevant studies.

Before undertaking the systematic review, it is essential to develop a protocol
outlining the question to be answered.

1.1.2. Identification of a clinical problem - review question

A detailed review protocol written in advance is important in order to avoid bi-
ases being introduced by decisions which could influence the data.
In the protocol for this research four evaluation tasks were set:

1. The data of all symptomatic patients regardless of their gender or age.

2. The treatment of interest: standard chemotherapy with bisphosphonates
versus standard chemotherapy.

3. The eligibility criteria: randomised trials.

4. The outcomes to be looked for: skeletal related events, mortality and side-
effects.

1.1.3. Searching for studies

Since there currently exist over 22. 000 journals and 10 million articles in the
area of biomedical literature, a systematic searching approach is essential to identify
the best evidence available to answer a clinical question [Pirozzo/Mayer 2004a]. In

12
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order to identify all synonyms for related terms, the search strategy started with an
initial search looking for MeSH terms in two major medical databases, MEDLINE and
EMBASE. Limits were put in place to refine the search. Sensitivity and specificity of
the research strategies were tested on the findings resulting from the search con-
ducted by Cochrane Collaboration in their latest bisphosphonate therapy review
[Djulbegovic 2002]. Additionally, a search was carried out in the Cochrane Controlled
Trials Register using all identified synonyms for related terms. Subsequently, a
search of the reference lists of all retrieved papers was conducted in order to identify
any additional studies missed during the database searches.

As a positive outcomes are more likely to be accepted and published in jour-
nals than trials that fail. It would be biased, therefore, to include only published stud-
ies. Therefore, a search of unpublished studies was conducted especially through
searches of databases listing conference proceedings. Literature in English and also
publications in German and Italian have been considered.

The phases of the searching process are summarised in Table 2.

Table 2. Phases of the searching process (adopted from the open learning
material of The Cochrane Collaboration).

Phase Description Strategies
Phase Initial search for Searching in the Cochrane Database of Systematic
One literature Reviews (CDSR) for existing reviews.

Determining what databases should be searched.
Identifying key search terms by performing a
MeSH/EMTREE terms search.
Developing and documenting a search strategy.
Phase Search for litera- Searching in all databases using the identified
Two ture / publications  search terms. Using inclusion criteria to determine
which papers should be retrieved.
Phase Bibliography Searching the reference lists and bibliographies of
Three search all relevant papers for additional studies.

Phase Search for unpub-  Searching in the databases listing conference pro-
Four  lished studies ceedings.

13



1. METHODOLOGY

1.1.4. Selecting studies

Several authors have suggested methods for evaluating the quality of a clini-
cal trial [Hayward 1995, Girling 2003, Altman 2001]. A hierarchy of study designs
was first suggested by Campbell and Stanley in 1963 [Campbell 1963]. Levels of
evidence based on study design were proposed by Fletcher and Sackett for the Ca-
nadian Taskforce on Periodic Health Examination in 1979 [Canadian Task Force
1979].

The level of evidence has been defined as a ranking in which study designs
are classified according to their efficacy in eliminating biases. The level of evidence
of the various types of study design commonly used to assess clinical and public
health issues is shown in Table 3. As is commonly accepted, RCTs are considered
the best evidence source for reviews that seek to evaluate effectiveness. This rank-
ing was used as the inclusion criterion in the sections of this research evaluating
treatment benefits. Further inclusion criteria are summarised in Table 4.

Table 3. Designation of levels of evidence (Source: Australian National

Health and Medical Research Council, NHMRC, 1999).

Level of  Study design

evidence

I Evidence obtained from a systematic review of all relevant randomized
controlled trials.

Il Evidence obtained from at least one properly-designed randomized
controlled trial.

-1 Evidence obtained from well-designed pseudorandomized controlled
trials (alternate allocation or some other method).

-2 Evidence obtained from comparative studies (including systematic re-
views of such studies) with concurrent controls and allocation not ran-
domized, cohort studies, case-control studies, or interrupted time se-
ries with a control group.

-3 Evidence obtained from comparative studies with historical control,
two or more single arm studies, or interrupted time series without a
parallel control group.

A\ Evidence obtained from case series, either post-test or pretest/post-
test.

14



1. METHODOLOGY

Table 4. Inclusion criteria (Source: Australian National Health and Medical

Research Council (NHMRC)1999).

Inclusion Criteria Description

Population Adult symptomatic multiple myeloma patients.

Intervention Bisphosphonate treatment in symptomatic multi-
ple myeloma patients.

Comparison Standard chemotherapy or another bisphospho-
nate

Outcome measures Skeletal related events, mortality, side-effects.

Study design Randomized controlled trial

However, there is a persistent controversy regarding reliance on the quality of
study designs as the main credibility criterion for evidence concerning intervention
effectiveness [Rychetnik 2002]. The debate concentrates on the primacy of the RCT
for evaluating research findings, with respect to (a) the difficulty of conducting RCTs
for complex programmatic interventions, (b) the difficulty of interpreting their results,
and (c) the consequent tendency to downgrade the contribution of observational
studies [Rychetnik 2002].

Since in clinical trials safety data are assessed less rigorously than efficacy
data [Lassere 2005] (bisphosphonate RCTs also report almost exclusively gastro-
intestinal (Gl) side-effects), it is necessary to obtain other bisphosphonate side-effect
evidence from either descriptive studies such as case reports or case series, or ob-
servational studies without a control group. Their credibility depends on the number
of cases reported.

This thesis, therefore, has thoroughly investigated the growing number of pub-
lished reports on ONJ with the aim of assisting medical professionals, policy makers
and authorities with the re-evaluation of the risk/benefit ratio of bisphosphonate ther-

apy.

1.1.5. Critical appraisal

The preliminary critical appraisal aimed to evaluate the methods used by the
investigators during a study, their impact on the research results and the subsequent
quality of the evidence.

As part of the systematic review process, all included RCTs were first as-
sessed for methodological rigour (Appendix Tables A1.1 to A9.3). The rigour refers
to the methods used by investigators in the design of the study and its conduct in or-
der to minimise the risk of biases.
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The critical appraisal of RCTs aimed to identify sources of biases that may
have resulted during the four main stages of research:

1. Selection of participants (number of participants, age, etc.)

2. Treatment provided to the study groups (is the study double blinded?)
3. Follow-up of participants

4. Measurement of outcomes

1.1.6. Collection of data

Data used by systematic reviews are the findings from individual studies re-
ported in different statistical forms. A research finding is defined as a statistical rep-
resentation of one empirical relationship among variables measured on a single sub-
ject sample [Lipsey 2001].

In this research, one of the findings of interest was the difference in mortality
between the treatment group and control group, measured as the dependent vari-
able representing a certain outcome construct. The data obtained from different stud-
ies should be comparable and have a similar statistical form or be configured in simi-
lar statistical forms in order to be carried forward for meta-analysis.

It is generally not appropriate to analyse and compare two study findings de-
rived from different research designs and appearing in different statistical forms,
even if they deal with the same topic. For example, two studies dealing with survival
statistics may exist, one reporting on survival duration and the other on mortality
rates. As it is often the case, many new medical interventions look fairly good when
evaluated by survival time, but fail when evaluated by mortality rates
[Woloshin/Schwarz 2007]. The reason is that an early diagnosis may lead to a longer
survival time - but often with no improvement in mortality.

It is also important to note that one research study may represent more than
one research finding. For example, this may occur if a study reports differences be-
tween male and female subjects, or within different time periods or perhaps mean
differences between treatment and control groups in the periods immediately after
treatment and in follow-up. A review could deal with all findings or only with selected
findings, depending on the review question. The study eligibility criteria, upon which
it was decided to include or exclude studies as appropriate for data retrieval, were
set up in the review protocol (see 1.1.2).

1.1.7. Evaluation of evidence

The evaluation of evidence is based on a standardised approach following the
Guidelines of the Australian NSW Health Department [Liddle 1996]. To assess the
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quality of each included study, three checklists were used, which evaluate the follow-
ing aspects:

1. Descriptive study information, covered authors and year of publication, a descrip-
tion of the study intervention, outcomes (both beneficial and harmful) other factors
that might affect the outcome, characteristics of the study population, setting and the
number of groups or sites in the study.
2. Study evaluation criteria were used to describe the main components of study
quality. They provide information on whether the study was well conducted in order
to prevent either overestimation or underestimation of the true effect of the interven-
tion.
Table 5 summarises the codes used for the evaluation criteria. The codes were used
as descriptive aids and not as quantitative scoring system.
3. Study overall assessment was used to assess and code the overall quality of the
study using the codes in Table 6. The overall assessment of study quality was de-
termined by the evaluation criteria and a judgment about the relative importance of
each source of bias and the extent to which potential biases may have influenced
results. Study quality codes A, B1, B2, C (Table 6) compatible with those of the
Cochrane Collaboration [Oxman 1994] were used for overall quality assessment of
study checklists.

Tables A1.1 to A9.3 in Appendix contain the complete evaluation checklists of
the qualities of the studies used in the current research's analysis.

Table 5. Coding for evaluation criteria (Source: Australian National Health
and Medical Research Council, NHMRC, 1999).

Evaluation criteria are coded according to the extent to which the Code
criteria are fulfilled

Criterion entirely fulfilled a
Criterion mostly fulfilled b1
Criterion mostly not fulfilled b2
Criterion not at all fulfilled c
Criterion not described adequately to classify as a, b1, b2 orc ?
Criterion not applicable n/a
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Table 6. Codes for overall quality assessment of study checklists (Source:

Australian National Health and Medical Research Council (NHMRC)1999).

Low risk of bias A All or most evaluation criteria from the checklist are ful-
filled. Where evaluation criteria are not fulfilled, the
conclusions of the study or review are thought very un-
likely to alter.

Low to moderate B1 Some evaluation criteria from the checklist are fulfilled.

risk of bias Where evaluation criteria are not fulfiled or are not

adequately described, the conclusions of the study or
review are thought unlikely to alter.

Moderate to high B2 Some evaluation criteria from the checklist are fulfilled.

risk of bias Where evaluation criteria are not fulfilled or are not
adequately described, the conclusions of the study or
review are thought likely to alter.

High risk of bias C Few or no evaluation criteria fulfilled. Where evaluation
criteria are not fulfilled or are not adequately described,
the conclusions of the study or review are thought very
likely to alter.

1.2. Meta-analysis

1.2.1. Introduction

Meta-analysis is a technique which uses special adaptations of conventional
statistical methods to combine results of the selected set of studies in order to inves-
tigate, compare and interpret patterns of findings. This allows for making the best
use of all the information gathered using a systematic reviewing process.

A critical step in a meta-analysis is to encode or “measure” study results on a
numerical scale, so that that the resulting values can be meaningfully compared
[Lipsey 2001]. The numerical measurement scale used in a meta-analysis is an
effect-size statistic. Each research finding must be encoded as a value on the same
effect size statistic. It involves transforming findings of individual studies into some
common measure of treatment effect and then using a conventional statistical
procedure to determine if there is an overall statistically significant effect.

The results of the meta-analysis can be displayed graphically, making inter-
pretation easier for users of the review. This graphical display also allows a visual
comparison of the findings of individual studies.
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1.2.2. Steps involved in a meta-analysis

The following steps are involved in a meta-analysis: (a) defining the research
hypothesis (association between exposure and outcomes believed to exist) (b) iden-
tifying a common effect size statistic for research findings of interest, (c) computing
the weighted mean weighted by sample size, (d) determining the confidence interval
for the mean and (e) testing for heterogeneity of the distribution with the aim of de-
termining if combining the studies makes sense, (f) testing for statistical significance
(hypothesis testing) aimed at answering the question concerning differences be-
tween variables, or outcome measures, in test and control groups.

1.2.2.1. Research hypothesis and hypothesis testing

Firstly, as with any other analytical investigation, a meta-analysis has to es-
tablish the research hypothesis which states that a difference exists between groups.
Hypothesis testing determines if the difference between means of a variable in test
and control groups occurs by chance. The customary scientific approach is to accept
or reject the null hypothesis. The null hypothesis states that the findings from the
study are the result of chance or random factors. Therefore the overall purpose of a
typical trial is to reject the null hypothesis.

A statistical significant result means it is highly unlikely the difference found
between groups could have occurred by chance alone. In a clinical research context,
it is common to interpret a result as statistically significant if the difference between
groups could have occurred by chance alone in less than 1 time in 20 (5% of the
times). This is expressed as a p value lower than 0.05 (p< 0.05).

A study with a very large number of patients can show a statistical signifi-
cance even when the actual clinical difference between the two groups is very small.
The same could happen with the aggregated research findings of a meta-analysis.
Clinicians must decide for themselves whether in these cases a statistically signifi-
cant result has reasonable clinical significance [Mayer 2004].

1.2.2.2. Effect Size Statistics

The size of the effect in a meta-analysis is a statistical measure that repre-
sents each relevant treatment effect shown in the selected set of studies.
Different types of study outcomes, which are statistical representations of specific
empirical relationships, require different effect size statistics. To combine identified
research findings, a common effect size statistic must be determined.

The choice of the common effect size statistic depends on a number of pa-
rameters, the most important is the treatment effect measurement scale. The effect
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of some outcomes will be measured on a continuous scale (e.g. blood pressure, se-
rum cholesterol, QOL), while others are on a dichotomous or binary scale (e.g. im-
proved/not improved, dead/alive). The most common measures of treatment effect
are shown in Table 7.

The outcomes of interest for this thesis were reported as central tendency
values, i.e. a mean or proportion, upon which the groups can be compared.

(NHMR 2000).

Table 7. Measures of treatment effect for continuous and binary outcomes

Outcome
measure

Difference between
group means
Standardized
difference

Weighted differ-
ence in means

Standardized
weighted mean dif-
ference

Risk difference
(RD)

Description

Continuous outcomes
Difference between treatment and control groups in mean values
of outcome variable.
Differences between the treatment and control group means for
each study, standardized by an estimate of the standard deviation
of the measurements in that study. This removes the effect of the
scale of measurement, but can be difficult to interpret.
Average (pooled) difference between treatment and control
groups in mean values across a group of studies using the same
scale of measurement for the outcome (e.g. blood pressure
measured in mmHg).
Average (pooled) standardized difference between treatment and
control groups across a group of studies, where the outcome was
measured using different scales with no natural conversion to a
common measure (e.g. different depression scales or different
quality-of-life instruments).

Binary outcomes

Difference (absolute) between treatment and control groups in
relation to the outcome. If the outcome represents an adverse
event (such as death) and the risk difference is negative (below
zero) this suggests that the treatment reduces the risk. In this
situation the risk difference, without the negative sign, is called
the absolute risk reduction.
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Relative risk or risk
ratio (RR)

Odds ratio (OR)

Hazard ratio (HR)

Number needed to
treat (NNT)

Ratio of the risk proportions in the treatment and control groups in
relation to the outcome. This expresses the risk of the outcome in
the treatment group relative to that in the control group. For an
adverse outcome, if the relative risk is below 1, this suggests that
the treatment reduces the risk; its complement (1—relative risk) or
relative risk reduction is also often used.

Ratio of the odds of the outcome in the treatment group to the
corresponding odds in the control group. Again, for an adverse
outcome, an odds ratio below 1 indicates that the treatment re-
duces the risk. In some studies (e.g. population-based case-
control studies) the odds ratio is a reasonable estimate of the
relative risk. It is not a good estimate when the outcome is com-
mon or is measured as prevalence.

Ratio of the hazards in the treatment and control groups (when
time to the outcome of interest is known); where the hazard is the
probability of having the outcome at time t, given that the outcome
has not occurred up to time t. Sometimes, the hazard ratio is re-
ferred to as the relative risk. For an adverse outcome, a hazard
ratio less than1 indicates that the treatment reduces the risk of
that outcome.

The number of patients who have to be treated to prevent one
event. It is calculated as the inverse of the risk difference without
the negative sign (NNT = 1/RD). When the treatment increases
the risk of the harmful outcome, then the inverse of the risk differ-

ence is called number needed to harm (NNH = 1/RD).

1.2.2.3. Inverse Variance Weights ()

A research finding represented as an effect size value based on the results of

a large study is a more precise estimate of the corresponding therapy effect value

than a finding based on the results of a smaller trial. Therefore, in a meta-analysis

every effect size is weighted by its sample size and optimal weights are based on the

standard error of the effect size. As a larger standard error corresponds to a less

precise effect size value, the actual value is computed as the inverse of the squared

standard error value (known in meta-analysis as the inverse variance weight). In

practice, meta-analysis is typically conducted using a small number of effect size sta-
tistics with known standard errors (e.g. standardised mean difference, the odds-

ratio).
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A research finding in the form of the proportion of patients having a particular
outcome, e.g. alive or dead, can be used as an effect size, as in following applicable
statistics:

k
Espzpzﬁ, (1.1)
p(l-p)
SEp=y (1.2)
1 n

“=SE2 " p-p)’ (1.3)

where k is the number of patients with the characteristic of interest and n is the total
number of patients in the observed group.

The mean effect size (ES ) of the research findings is computed by weighting each

effect size (ES ;) by the inverse of its variance (@,; ), as following:

ES - 2 (@ES) (1.4)

Wpi

1.2.2.4. Confidence Interval (Cl)

Confidence intervals (Cls) indicate the range within which the true value of an
effect is likely to be. If Cl does not include zero, then the mean effect size is statisti-
cally significant.

The CI for a mean effect size is based on the standard error of the mean and

a critical value from z-distribution. The standard error of the mean ( SE) is com-

puted as the square root of the sum of the inverse variance weights (Za)pi ) [Hedges

and Olkin 1985] as shown in:

SE,. = /le_, (1.5)
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To construct Cl, the standard error is multiplied by the critical z-value repre-
senting the desired Cl. The product is then added to the mean effect size for the up-
per limit (ESu ), and subtracted for the lower limit (ES.) as shown in:

ESu =ES. +7,,(SEx), (1.6)

ES.=ES+17, ,(SEx), (1.7)

where ES is the mean effect size, 2,4 Is the critical value for the z-distribution (1.96

for a=.05; 2.58 for a= 0.01), and SE is the standard error of the mean effect size.

If the CI does not include zero, the mean effect size is statistically significant at p < a.
A direct test of significance of the mean effect size can be obtained by com-
puting a z-test as shown:

- ES|

e 1.8
- (1.8)

The result of this formula is distributed as a standard normal variance. There-
fore, if it exceeds 1.96 it is statistically significant with p < .05, two tailed and if it ex-
ceeds 2.58 it is significant with p < .01, two-tailed [Lipsey 2001].

1.2.2.5. Heterogeneity Analysis

To analyse the combined effect of a group of similar studies, it is necessary to
check if their individual effects are similar enough to allow a meaningful combined
estimate of the entire set.

Due to randomisation, a chance variation in the estimates is to be expected. It
is thus necessary to test if there is more variation than expected by chance alone.
When an excessive variation occurs, there is heterogeneity and, conversely, no ho-
mogeneity.

The heterogeneity analysis is a statistical test of the null hypothesis (Hop) as-
suming homogeneity. If the dispersion of effect sizes around their mean is greater
than that expected from sampling error alone, then the Hy stating there is homogene-
ity between groups is rejected. In this case, each effect size does not estimate a
common effect mean and thereforea meta-analysis of them would be misleading.
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The heterogeneity test is based on a chi-square (Chi?) statistics, which is dis-
tributed as a Chi® with k -1 degrees of freedom where k is the number of effect sizes
[Hedges, Olkin 1985]. The formula for Chi? is

Chi* =3 w,;(ES,; —ES)?, (1.9)

where ES; is the individual effect size for pi = 1 to k ( the number of effect sizes),

?S is the weighted mean effect size over the k effect sizes, and a)pi is the individ-

ual weight for ES oi’ If Chi” exceeds the critical value for Chi® with k-1 degrees of

freedom, then the Hy of homogeneity is rejected.

With the (1.9) formula and a standard Chi? table from any ordinary statistics
textbook, we can conduct a test for heterogeneity. A statistically significant Chi?, in-
dicates no heterogeneity among trial findings. No significant Chi®, corroborates the
assumption of homogeneity and therefore allows conduction of meta-analysis.
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PART 2. MULTIPLE MYELOMA THERAPY AND MANAGEMENT

2.1. Multiple myeloma therapy and management

Multiple myeloma (also known simply as myeloma or plasma cell myeloma) is
a B-cell cancer, or more precisely, plasma cell cancer. B-cell cancers are malignant
clones of B-cells on various developmental states. Myeloma cells represent malig-
nant plasma cells (malignant B-cells of the latest developmental state). As tumour
cells, to a great extent, maintain the characteristics of the healthy cells from which
they originate, multiple myeloma cells that originate from plasma cells migrate to the
bone marrow (multiple myeloma is a bone marrow cancer) and produce antibodies
[Janeway 2002]. Malignant plasma cells’ abnormal antibodies are called parapro-
teins. There are various blood and urine tests available for quantitative measurement
of paraprotein (also known as M protein, where M stands for monoclonal).

Malignant plasma cells continuously multiply and so the cancer grows inside
or outside of the bones. Healthy bone marrow usually consists of less than 5% of
plasma cells. The bone marrow of multiple myeloma patients will usually consist
more than 30% of plasma cells. This percentage can increase to over 90%. Myeloma
also stimulates bone-remodelling cells called osteoclasts. Simultaneously, it sup-
presses bone-building cells called osteoblasts. The pathogenese of the osteoclast
bone resorption is understood as resulting from an abnormal cytokine signalling be-
tween malignant plasma cells, osteoclasts and osteoblasts. Increased levels of
RANK-ligand produced by myeloma cells and marrow stromal cells coupled with a
suppression soluble osteopetegrin (OPG) favour osteoclast bone resorption [Oxford
handbook of oncology 2006]. Other cytokines such as interleukin 6 further support
an excess of osteoclast activity [Oxford handbook of oncology 2006].

A slow and steady bone destruction caused by myeloma has symptoms which
initially mimic those of osteoporosis. The bone damage, or osteolytic lesions, may
lead to fractures of the long bones or compression fractures in the spine. Bone pain,
especially in form of a severe back pain, is often a symptom of this disease. Fur-
thermore, when myeloma cell growth occurs inside the marrow-producing bones,
healthy cells (e.g. red blood cells, white blood cells, platelets) are crowded out by
cancer cells, causing immune system impairment, and as such, increased suscepti-
bility to infections, as well as tiredness and weakness.
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2.1.1. Clinical symptoms

A mnemonic sometimes used to remember common myeloma-related organ
or tissue impairment (end organ damage) is CRAB: C = calcium (elevated), R = renal
failure, A = anemia, B = bone lesions. Patients with monoclonal plasma cell prolifera-
tion in their bone marrow without end organ damage can be considered asympto-
matic. They do not require therapy but must be regularly monitored as they have a
life-long risk of progressing to multiple myeloma or developing related malignancies.
Common clinical features in multiple myeloma patients are the following:

The dissolution of bone (osteolysis) releases calcium. This causes the calcium
levels in the blood to rise (hypercalcemia) and brings about the associated symp-
toms of thirst, polyuria, nausea, constipation, drowsiness, and even coma [Oxford
handbook of oncology 2006].

The Bence-Jones protein is deposited in the renal tubules and leads to renal
failure. Other factors contributing to renal failures are hypercalcemia, dehydratation,
amyloid deposition and infection [Oxford handbook of oncology 2006]. Renal im-
pairment occurs in up to 30% of patients at presentation and up to 50% of patients at
some stage of the illness [Alexanian 1990] [Winearls 1995].

Anemia is found in almost two thirds (60%) of patients with multiple myeloma. Dis-
placement of the healthy bone marrow cells by cancer cells can obstruct the produc-
tion of normal red blood cells and thus lead to anemia [Desikan 2002].

Osteolytic destruction of the skeleton and hypercalcemia are the characteristic
pathological features in the myeloma patient. There may be fractures of proximal
long bones, ribs, sternum, and vertebral crush fractures [Oxford handbook of oncol-
ogy 2006]. Compression of the spinal cord occurs in 5% of patients during the
course of the disease [Kyle 2004]. Measures to reduce skeletal related events by
multiple myeloma are important for optimising the patient’s QOL.

2.1.2. Prognostic factors

The Durie staging system (Table 8) was introduced in 1975. This system
shows three stages (I, Il, and lll) of the disease, each stage having a sub-
classification related to renal function. This staging system is based on measure-
ments of levels of M-protein production (IgG, IgA, etc. and kappa, lambda values),
the number of lytic bone lesions (bone x-ray results), hemoglobin (anemia parame-
ter), serum calcium (bone destruction indicator) and myeloma cell mass (tumour bur-
den).
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Table 8. The Durie-Salmon staging system [Durie 1975].
Stage || Il "
Criteria | All of the following: Fitting neither | One or more of the following:
Hemoglobin > 10 g/dI Stage | nor Hemoglobin < 8.5 g/dl
Bone X-ray Stage | Serum calcium > 12 mg/dl
Normal bone structure Advanced lytic bone lesions
(scale O) or solitary (scale 3)
bone plasmacytoma High M-component produc-
only tion rates
Low M-component pro- lgG > 7.0 g/dl
duction rates IgA > 5.0 g/dI
IgG < 5.0 g/dI Urine light chain M-
IgA < 3.0 g/dl component in electrophoresis
Urine light-chain M- > 129/ 24h
component in electro-
phoresis <4 g/24 h
Cancer | <0.6 x 1012/m® of the | >0.6x >1.2 x 1012/m? of the body
cell body surface 1012/m?  of | surface
mass the body sur-
face
Renal | Serum creatinine value <2 | Serum creatinine value >2 mg/dl:
function | mg/dl: Stage A Stage B

However, several studies have identified serum beta-2-microglobulin as a
more accurate prognostic factor and indicator for survival [Palumbo 2004 a]
[Palumbo 2004 b] [Sonnenveld 2005].

This background provides the basis for the new international staging system
ISS (International Staging System, Table 9) [International Myeloma Working Group
2003] which was compiled by an international cooperation in which clinical and labo-
ratory parameters from 10,750 previously untreated, symptomatic patients with mul-
tiple myeloma were evaluated.
However, this system is based on only two factors, serum beta-2-microglobulin and
serum albumin, and is independent of age, type of therapy and geographic region.
The analysis of prognostic factors is essential to compare outcomes within and be-
tween clinical trials. For individual patients the best staging system can predict sur-
vival outcome with a rate of around 70% sensitivity and specificity. Whether staging
systems can beneficially influence choice of therapy is unproven [Smith 2005].
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Table 9. New International Staging System (ISS) [International Myeloma
Working Group 2003] [Greipp 2005].
Stage I Il 11
Criteria | beta-2-microglobulin beta-2-microglobulin beta-2-microglobulin
<3.54¢l/ <3.54¢l/ >5.5 g/l
Albumin >3.5 g/dI Albumin <3.5 g/dI or
beta-2-microglobulin 3.5-
5.5¢l/
Median
survival 62 45 29
(months)

2.1.3. Epidemiology and risk factors

With an estimated 86,000 new multiple myeloma cases per year worldwide
[Parkin 2005], multiple myeloma is the second most prevalent blood cancer after
non-Hodgkin’s lymphoma. With its 62,546 deaths per year [Kamangar 2006] it ac-
counts for approximately 1% of all cancers and 2% of all cancer deaths. Multiple
myeloma is more common in the Afro-American population than in the white Ameri-
can population and occurs more often in men than in women (with a ratio of 3:2).
This distribution probably reflects the fact that men are more likely to work in low-
income industrial sectors associated with more risk factors and that lower socioeco-
nomic status is associated with a higher risk [Baris 2000]. Recently, associations be-
tween obesity and multiple myeloma have been established [Calle 2003]. Finally, the
risk of developing multiple myeloma increases with age [Schottenfeld 1996]. Multiple
myeloma cannot be cured. The mean survival is 3 years and fewer than 10% of pa-
tients live longer than 10 years [Myeloma Trialists' Collaborative Group 1998].

2.1.4. Therapy management
The treatment strategy is determined mainly by the stage of the disease de-
fined according to the ISS criteria and by the patient's age. Asymptomatic patients
with multiple myeloma do not benefit from an early initiation of treatment [Hjorth1993]
[Riccardi 2000] and drug therapy is therefore not indicated in this group. Patients
with stage Il and stage lll disease should always start treatment.

2.1.5. Therapy options

The most common first-line of treatment is high-dose chemotherapy (HDT)
with stem cell transplantation (SCT) or conventional chemotherapy. Patients may
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also be given maintenance therapy. The treatment for relapsed or refractory multiple
myeloma is not yet standardised but there are a number of effective treatment op-
tions available. The treatment goals are prolonged survival and improved quality of
life. Drug compounds used in treatment of multiple myeloma are summarised in Ta-

ble 10.

Table 10. Possible drug compounds available.

Pharmacological classification

Alkylating agents

Anthracyclines

Alkaloids

Glucocorticoids

Thalidomide and derivatives

Protease inhibitors

Farnesyl transferase inhibitor

Cytokines

Compounds

Melphalan

Carmustine

Cyclophosphamide

Cisplatin in DTPACE (dexamethasone,
thalidomide, cisplatin)

Doxorubicin or idarubicin

Vincristine, vinorelbine in VAD (vincris-
tine, doxorubicin and dexamethasone),
dDV (vincristine, dexamethasone and
liposomal doxorubicin) or VBCMP (vin-
cristine, carmustine, cyclophosphamide,
melphalan and prednisone)

Prednisone, dexamethasone
Thalidomide, lenalidomide

Bortezomib

Tipifarnib

Interferons: IFN-a-2a and IFN-a-2b
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2.1.6. Evaluation of therapeutic outcome

The criteria for measuring therapeutic response are declines in M-protein in
serum and urine, normalisation of any anemia and hypoalbuminemia and osteolytic
status. In current studies the response rates are evaluated according to the criteria of
the EBMT (European Group for Blood and Bone Marrow Transplantation, Table 11).

Table 11. EBMT/IBMTR/ABMTR?* criteria for response [Bladé 1998].

Response to Treatment Description
Objective remission (OR) Complete remission + partial response (CR+PR).
Complete remission (CR) No M protein detectable in serum and urine by

electrophoresis, normal serum calcium, stable
skeletal status.

Near complete remission (nCR) Positive results in immunofixation electrophoresis
but no M protein detectable in serum and urine by
less sensitive methods.

Partial response (PR) M protein reduction 50% or more.

Very Good Partial Response Protein reduction > 90%.

(VGPR)

Minimal response (MR) Protein reduction less than 50%.

Stable disease (SD) ) No change in M protein.

Progressive disease (PD) 25% or more increase in M-protein. Increase in

plasma cells in the bone marrow. New or larger

bone lesions.

*EBMT, European Group for Blood and Marrow Transplantation; IBMTR, International Bone Marrow

Transplant Registry; ABMTR, Autologous Blood and Marrow Transplant Registry.

2.2. Bone disease management: Bisphosphonates

2.2.1. Bisphosphonates: introduction

Bisphosphonates are endogenous pyrophosphate analogues in which a car-
bon atom replaces the central oxygen atom with various side chains (P-C-P) [Rodan
1996]. The presence of a hydroxyl group (-OH) as a side chain of bisphosphonates
enhances the capacity to chelate with calcium ions, which leads to a binding to hy-
droxyapatite bone mineral surfaces, their internalization by bone-resorting osteoclast
and osteoclast inhibition [Rogers 2000, Berenson 1998, Fleisch 1997].

Alendronate, risedronate, ibandronate, pamidronate and zoledronate are all
bisphosphonates containing nitrogen in a side chain and are called aminobisphos-
phonates (Figure 1).
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In contrast, bisphosphonate without nitrogen in a side chain, such as clodro-
nate, etidronate and tiludronate are called non-aminobisphosphonates (Figure 1).
While nitrogencontaining bisphosphonates inhibit the mevalonate pathway (the main
target being farnesyl diphosphate synthase), nonnitrogen- containing bisphospho-
nates are incorporated into hydrolytically stable analogues of adenosine triphos-
phate. Both events cause an impairment of osteoclast cell function and, ultimately,
lead to osteoclast apoptosis [Brawn 2004], which indicates a therapeutic utilisation in
multiple myeloma.

Figure 1. Bisphosphonate chemical structures.
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The following five bisphosphonates have been tested through RCTs that
aimed to improve outcomes of patients with multiple myeloma: clodronate, etidro-
nate, ibandrontate, pamidronate and zoldronate (Table 14, Table15). Out of these
five, etidronate was the only bisphosphonate not to have shown a benefit in clinical
trials on multiple myeloma [Belch 1991, Daragon 1993].

2.2.2. Risks/benefits of bisphosphonate therapy

Bisphosphonates were investigated in numerous preclinical and clinical
trials for several indications. Their role in multiple myeloma concerning patients’ mor-
tality and QOL is still unclear.

The myeloma trials do not report (or at least not adequately) on QOL data.
The therapy efficacy represented as reduction of skeletal related events is, along
with pain reduction, used as a surrogate end point of QOL instead of the actual QOL
assessment. Therefore, future efforts should be made to appropriately use and stan-
dardize QOL measures in cancer in randomised controlled trials [Garratt 2009].

In this thesis, side-effects were also taken into account as an important part of
therapy management. All bisphosphonates can cause hypocalcemia, regardless of
their method of administration, though this is infrequently found to be a clinically
symptomatic problem. The most common side-effects with oral bisphosphonates
(depending on whether an aminobisphosphonate or a nonaminobisphosphonate is
being used) are upper gastrointestinal troubles, such as gastritis [Van Holten-
Verzantvoort 1993] and diarrhoea [Atula 2003]. 1V infusions can be associated with
injection site reaction and acute systematic inflammatory reactions [Tanvetyanon
2006].

Renal dysfunction is a particularly problematic adverse event which may also
occur after infusion of IV bisphosphonates. However, the incidence may vary be-
tween agents, depending on renal uptake and elimination. The US Food and Drug
Administration (FDA) reported that 72 patients suffered renal failure following zole-
dronate therapy [Chang 2003]. As a result, the product labels of pamidronate and
zoledronate were amended to include additional nephrotoxicity warnings.

Even though only one randomised trial reports on ONJ as a side-effect [Attal
2006], a growing number of ONJ case reports and observational studies evaluating
ONJ have been published in recent years (Table 19, 21, 22, 23). Typical symptoms
for ONJ are pain, soft-tissue swelling and infection, loose teeth and exposed bone.
Since 2003, when the first reports were published, several groups and organisations
have developed or issued recommendations, position papers, or statements regard-
ing bisphosphonate associated ONJ. An expert panel to look into the issue was
sponsored by Novartis, the manufacturer of pamidronate and zoldonate. Its recom-
mendations were first distributed as a white paper at the 2004 Annual ASCO Meet-
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ing and later published [Ruggiero 2006]. In the following years, positioning papers by
the American Academy of Oral Medicine and the American Academy of Oral and
Maxillofacial Pathology [Migliorati 2005, Woo 2006], the American Association of
Endodontists [AAE 2006] have been published. In 2007 the updated ASCO Guide-
line for the first time included recommendations regarding ONJ [ASCO 2007]. All
these documents agree that prevention of bisphosphonate-associated ONJ is the
best approach to the management of this complication. In effect this means, avoiding
elective jaw procedures while undergoing bisphosphonate therapy, and having any
routine dental exams and tooth extractions done prior to bisphosphonate therapy.

The side-effects experienced by patients in the trials included in the current
analysis are the following:

Abdominal pain Duodenal stomach Nausea

Aggravation of tumor ulcer Neutropenia

Allergic reaction Dysphagia/dyspepsia Esophageal ulcer
Alopecia Dyspnea Osteonecrosis of the
Anemia Edema, lower limb jaw

Anorexia Emesis Pain in limb

Arthralgia Fatigue Paresthesia

Back pain Fever Peripheral neuropathy
Bone pain Infection Pyrexia

Cardiac Insomnia Renal

Cardiac arrhythmia Hemorrhage Thrombocytopenia
Constipation Headache Thrombosis

Cough Heart failure Vomiting

Depression Hypocalcemia Weakness

Diarrhea Mood change Weight decrease
Dizziness Myalgia

Through systematic review and meta-analysis, this thesis made the effort, if
not to make a complete risk/benefit assessment, to at least call attention to the need
for further research and to give some suggestions about how this should be done.
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PART 3. RESULTS AND DISCUSSION

3.1. Systematic review of multiple myeloma clinical trials

3.1.1. Goals

The primary goal is to determine whether adding bisphosphonates to standard
chemotherapy in multiple myeloma patients decreases both mortality and the num-
ber of patients experiencing skeletal related events (defined as one or more manifes-
tation of bone ilinesses, pathological fractures, fractures and hypercalcemia) and to
identify side-effects.

3.1.2. Search strategy

Two searching strategies were applied resulting in findings of different meth-
odological quality. These must be analysed separately.

1) Search strategy aimed at identifying randomised multiple myeloma trials.

MEDLINE (1966 until January 2008), EMBASE (1974 until January 2008) and
the Cochrane Controlled Trials Register (all years until October 2007) were searched
to identify all randomised trials in multiple myeloma. The searched MeSH (Medical
Subject Heading) and EMTREE terms for clodronate, pamidronate, etidronate, iban-
dronate, alendronate, risedronate, tiludronate and zoledronate were each cross-
referenced with MeSH / EMTREE terms for multiple myeloma. The identified MeSH /
EMTREE searched key words are listed in the Table 12. The searches were limited
to reports of clinical trials in humans. Additionally, relevant references in articles pub-
lished in peer-reviewed journals were also checked. A broad search of the Cochrane
Controlled Trials Register and meeting proceedings of the American Society of Clini-
cal Oncology from 2005 to 2006 was performed using following key words: bisphos-
phonates / disphosphonates, clodronate / clodronic acid, pamidronate / amidronate,
ibadronate / ibadronic acid, alendronate, etidronate / etidronic acid, risedronate / ris-
edronic acid, tiludronate / tiludronic acid, zoledronate / zoledronic acid, multiple, and
myeloma / plasma cell.

Finally, after the searches were completed, the sensitivity and specificity of
the search strategy was tested using the findings which resulted from the search
conducted by Cochrane Collaboration for their last bisphosphonate therapy review in
2002 [Djulbegovic 2002].
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2) Search strategy aimed at identifying observational studies and ONJ case reports.

Daily searches of MEDLINE and PubMed (January 2003 to October 2007)
with the MeSH / EMTREE terms clodronate, pamidronate, etidronate, ibandronate
alendronate, risedronate, tiludronate, zoledronate were each cross-referenced with
MeSH / EMTREE identified key words for multiple myeloma, ostenecrosis and jaw
diseases (Table 12, Table 13). A broad search of meeting proceedings of the Ameri-
can Society of Clinical Oncology from 2005 to 2006 was performed by using follow-
ing key words: bisphosphonates / disphosphonates, clodronate / clodronic acid, pa-
midronate / amidronate, ibadronate / ibadronic acid, alendronate, etidronate /
etidronic acid, risedronate / risedronic acid, tiludronate / tiludronic acid, zoledronate /
zoledronic acid, multiple, myeloma/plasma cell, jaw, diseases, mandible, maxilla, os-
teonecrosis and necrosis. Additionally, important references to ONJ reviews pub-
lished in peer-reviewed journals were taken into account.

Table 12. Identified MeSH / EMTREE searched key words.

Key term Entry term
Acid, Clodronic
Clodronate Dichloromethane Diphosphonate

Diphosphonate, Dichloromethane
Dichloromethylenebisphosphonate
Dichloromethanediphosphonic Acid
Acid, Dichloromethanediphosphonic
Dichloromethylene Biphosphonate
Biphosphonate, Dichloromethylene
Dichloromethylene Diphosphonate
Dlghothona e, Dichloromethylene
Cl2MD

Dichloromethanediphosphonate
Clodronate

Clodronate Disodium

Disodium, Clodronate
Clodronate Sodium

Sodium, Clodronate

Bonefos

. 3-amino-1-hydroxypropylidene)-1,1-bisphosphonate
Pamidronate Aﬂxdéolg(y-3-aminopropane—1 ,1-diphosphon|% acid
i

amino-1-hydroxypropane-1,1-diphosphonate
am!nohydroxyprodpyllder]e diphosphonate
amllgopropanehy roxydiphosphonate

(3-amino-1-hydroxypropylidene)-1,1-biphosphonate
amidronate .

pamidronate monosodium

pamidronate disodium

Aredia . o

Novartis brand of pamidronate disodium salt
pamidronate calcium

ibandronic acid
Ibandronate Bondronat o _
Roche brand of ibandronic acid, sodium salt, monohydrate
Bonviva .
ibandronic acid, sodium salt, monohydrate
RPR 102289A
RPR-102289A
Boniva
BM 21.0955
BM-21.0955
BM-210955
BM 210955
ibandronate
1-hydroxy-3-(methylpentylamino)propylidenebisphosphonate
1 -hg/d roxy-3-
methylpentylamino)propylidene)bisphosphonate
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4-Amino-1-Hydroxybutylidene 1,1-Biphosphonate
Alendronate 4 Amino 1 Hydroxyl butglldene1 1 Biphosphonate
Ammohydroxybutane isphosphonate

Bllsgohosphonate Aminohydroxybutane

MK 217

MK217

Fosamax .

Alendronate Sodium

Sodium, Alendronate .
Alendronate Monosodium Salt, Trihydrate

. iludronic acid
Til u d ronate gr chIorolghenyl)thlomethylene bisphosphonic acid

tiludronate
chloro-4-phenyl)thiomethylene bisphosphonate
chloro-4-phenyl)thiomethylene biphosphonate
Slllt(ldrgnate disodium

eli

. Multiple Myelomas

Multiple Myeloma Myeloma, Multiple
Myelomas, Multiple
Myeloma, Plasma-Cell
Myeloma, Plasma Cell
Myelomas, Plasma-Cell
Plasma-Cell Myeloma
Plasma-Cell Myelomas
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Table 13. The further identified MeSH / EMTREE searched key words.

Key word Osteonecrosis Jaw Diseases
Entry Terms Osteonecroses Disease, Jaw
Necrosis, Avascular, of Diseases, Jaw
Bone Jaw Disease
Avascular Necrosis of
Bone

Bone Avascular Necrosis
Kienbock Disease
Kienboeck Disease
Kienboeck's Disease
Kienboecks Disease
Kienbock's Disease
Necrosis, Aseptic, of Bone
Aseptic Necrosis of Bone
Bone Aseptic Necrosis

Previous Indexing Bone Disease (1966-1976) Bone Disease (1966)
Necrosis (1966-1976) Jaw (1966)
Mandible (1966)
Maxilla (1966)

3.1.3. Selection criteria

For the evaluation of efficacy of bisphosphonates in multiple myeloma pa-

tients, randomised trials with a parallel design compared with placebo or no treat-
ment as a control group were taken in consideration for inclusion (Table 14, 15).
For the evaluation of ONJ as a side-effect of bisphosphonates in multiple myeloma
patients, observational studies reporting on frequency were included (Table 21). All
case reports of multiple myeloma patients experiencing ONJ were gathered and
listed (Table 19, 22, 23).

3.1.4. Included multiple myeloma trials

Study eligibility criteria were defined according to the review protocol devel-
oped beforehand (section 1.1.2.). Thirteen RCTs that satisfied the criteria were iden-
tified. Four of these were excluded due to a major publication bias (for more details,
see Table 15 about exclusion reasons). The remaining nine studies (Table 14) also
showed elements of publication bias, meaning that, out of thirteen, only six trial data
could be used for meta-analysis of mortality and seven trial data for meta-analysis of
skeletal related events reduction. This illustrates the gravity of the inaccessibility of
data due to publication bias.
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Table 14. Summary of included multiple myeloma trial.

5 .. 559 T g
> 3 c o N S . N 3 » € 8
g s g3 52§ cu=5| 38 £E| 2
r 2 ] F o ZwE za2&| @& F o o
Clodronate
Heim Not Clodronate R=39 R=32 1600 mg/d po 12mo | SRE (total), total
1995 double vs observa- fractures, pain, cal-
blind, tion cium, adverse events
not
placebo
con-
trolled
Lahtinen Double Clodronate E=R=168 E=R=168 400 mg capsules po | 24 mo | Mortality, non-
1992 blind vs placebo tid vertebral ~ fractures,
pain, calcium
McCloskey Double Clodronate E=R=264 E=R=272 400 mg capsules po | 24mo | SRE (total), total
2001 blind vs placebo tid fractures,  vertebral
fractures, non-
vertebral ~ fractures,
total mortality, pain,
calcium
Pamidronate
Attal Not dou- | Pamidronate | R (pamidro- | R=200 Pamidronate 90 mg | 30 mo | SRE (total), response
2006 ble blind, | vs pamidro- | nate)= 196 R 1V, every 4 weeks rates, event-free,
not pla- | nate and | (pamidronate and and 400 mg pa- relapse-free, overall
cebo con- | thalidomide | thalido- midronate and tha- survival
trolled vs placebo mide)=201 lidomide, po a mini-
mum dose reduction
of 50 mg for treat-
ment related toxicity.
Berenson Double Pamidronate | E=205 R=198 E=187 R=| 90 mg in 500 ml of | 21 mo | SRE (total), vertebral
1998 blind vs placebo 173 5% dextrose in water fractures, non-
every 4 weeks. vertebral  fractures,
total mortality, pain,
calcium, adverse
events
Brincker Double Pamidronate | R=152 R=148 75 mg capsules po | 24 mo | SRE (total), pain,
1998 blind vs placebo bid calcium, adverse
events
Kraj Not dou- | Pamidronate | E=R=23 E=R=23 60 mg 1V, every 4 Total mortality,
2000 ble blind, | vs placebo weeks vertebral fractures
not pla-
cebo con-
trolled
Etidronate
Belch Double Etidronate E=98 R=92 E=78 R=74 | 5 mg/kg/d Until death | SRE (total), pain,
1991 blind vs placebo or discon- | calcium, survival
tinuation
Ibandronate
Menssen Double Ibandronate | E=107 R=99 E=107R=99 | 2 mg IV every mo. 24 mo | SRElyear, vertebral
2002 blind vs placebo fractures, non-
vertebral ~ fractures,
total mortality, pain,
hypercalcemia

3.1.5. Excluded multiple myeloma trials

Table 15 summarises the studies which contain evidence of interest but ulti-
mately proved to be inaccessible due to publication bias. Table 16 includes studies
and publications which did not satisfy the inclusion criteria.
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As some exclusion decisions may be self-evident, since they were applied for
study exclusion (Table 16), others may need further explanation, such as the case of
clinical studies examining bisphosphonate therapy in asymptomatic patients [Musto
2003, Musto 2008, Barlogie 2008] which were excluded, because it's the benefit of
this therapy in this population is highly controversial. The Terpos [2000] study was
excluded as it reported purely in terms of pamidronate effect on markers of bone re-
sorption. The outcomes of interest for this evaluation, skeletal related events, side-
effects or survival were not reported.

Table 15. Summary of the excluded multiple myeloma trials

First author, year

Reason for exclusion

Clodronate

Delmas 1982 | Confusing reporting
Pamidronate
Terpos 2003a | No published results of interest

Etidronate

Daragon 1993

| Not sufficient reporting

Pamidronate/ Zoldronate

Rosen 2004

| Data not stratified by illness

Tabel 16. Summary of the excluded multiple myeloma RCTs trials

First author, year

Reason for exclusion

Clodronate

Adam 1996 Not randomized
Clemens 1993 More up-to-date data published in 1995 (Heim 1995)
Merlini 1990 Pseudorandomized study (treatment allocation was performed on

alternate days, and not according to randomized allocation se-
guence)

McCloskey 1998

More up-to-date data published in 2001 (McCloskey 2001)

Pamidronate

Abildgaard 1998

Subgroup analysis of a larger trial (Brinker 1998)

Ali 2001

Not randomized ( see also zoldronate)

Berenson 1996

More up-to-date data published in 1998 (Berenson 1998)

Musto 2003

Asymptomatid patients

Caparrotti 2003

Not randomized. A combination therapy

Cieptuch 2002

Not randomized. A combination therapy

Martin 2002 Asymptomatic patients

Morris 2001 Not randomized. A combination therapy

Barlogie 2008 Asymptomatic patients

Kraj 2000b Duplicate publication (Kraj 2000)
Ibandronate

Bergner 2007 Not randomized

Coleman 1999

Not extractable data for MM patients

Fontana 1998

More up-to-date published in 2002 (Menssen 2002)

Terpos 2003 No published data of interest
Zoldronate

Ali 2001 Not randomized (see also pamidronate)

Musto 2008 Asymptomatic patients

Spencer 2008 Not randomized. A combination therapy

Tassinari 2007 An observational study

Tosi 2006a A combination therapy

Vogel 2004 Not randomized
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3.1.6. Included ONJ observational studies
ONJ has not been reported in RCTs except Attal [2006] study. Regarding the
growing amount of new evidence being reported on this side-effect, it is necessary to
re-evaluate risk/benefit of bisphosphonate therapy. This reevaluation could be based
on observational studies reporting on the ONJ frequency. The eligible studies are

listed in Table 17.

Table 17. Included ONJ studies.

First author, year
Badros 2006
Calvo-Villas 2006
Corso 2007
Dimopoulos 2006

Garcia-Gara 2006
Tosi 2006b
Zervas 2006

Study type

Retrospective study

Not clear

Retrospective study

Retrospective study from 1997; Prospective from 2003 to
2005

Retrospective study

Retrospective study

Retrospective study from 1991, prospective from 2001 to
2006

3.1.7. Excluded ONJ studies

Studies in which data on multiple myeloma were not extractable or available
were excluded [Bujanda 2007, Hoff 2006]. Frequency of ONJ was used as and in-
clusion criterion only if it was reported in a reliable way. This was not the case with
the Kut [2004] study, which was therefore excluded. The excluded studies are sum-
marised in Table 18.

Table 18. Summary of excluded ONJ studies.

1st author, year
Bujanda 2007
Hoff 2006

Kut 2004

Reason for exclusion

No multiple myeloma pts with ONJ

Not extractable data for MM pts (abstract)

ASH 2004 (abstract No- 4933): Approximately 600 MM pts.
The reported frequency: 7 pts. Exclusion due to not imprecise
reporting (e.g. “approximately 600 MM pts”)
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3.1.8. ONJ case reports

This thesis investigated the growing number of ONJ cases recently reported,
with a view to assisting medical professionals, researchers, consumers and policy
makers in their re-evaluation of the risk/benefits of bisphosphonate therapy. A list of
fifty-three identified case reports is shown in Tables 19, 22 and 23.

Abu-Id 2006 Abstract, not extractable data for MM pts
Bagan 2006
Braun 2006
Capalbo 2006
Carter 2005
Curi 2007
Diego 2007
Elad 2006
Ficarra 2005
Hansen 2006
Herbozo 2007
Katz 2005
Kumar 2007
Lugassy 2004
Marunick 2005
Mavrokokki 2007
Merigo 2006
Montazeri 2007
Murad 2007
Pozzi 2007
Ruggiero 2004
Phal 2007
Salesi 2006
Sitters 2005
Vannucchi 2005

Wutzl 2006

Zarychanski 2006
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3.2. Meta-analyses of efficacy results

The meta-analysis was conducted as a measurement technique for the
evaluation of efficacy of bisphosphonates regarding their ability to reduce the num-
ber of skeletal related events (SREs) and mortality.

This thesis avoids any quantification of findings which were not measured ap-
propriately. For example, in contrast to the last Cochrane systematic review [Djulbe-
govic 2002], pain reduction by bisphosphonates was not assessed, because this
should be tested against an appropriate palliative opiate treatment.

3.2.1. Meta-analysis of mortality reduction data

From the thirteen multiple myeloma trials that satisfied the selection criteria,
six were included in the meta-analysis of the mortality data. Mortality data from
seven other trials were not extractable for the purpose of this meta-analysis. Three of
this group of excluded studies reported that mortality in comparison with the placebo
group was not significantly reduced. One of these studies was recent and large with
597 patients [Attal 2006]. Data extracted from 6 randomised trials involved 1673
patients. There were 475 deaths among the 849 patients treated with
bisphosphonates and 487 deaths among the 824 control patients. The identified
heterogeneity (Figure 3) was investigated through a sensitivity analysis by excluding
an outlier (Belch 1991 study). The resulting heterogeneity was not significant
(Chi?=3.35; degrees of freedom (df)=4; p=0.50) (Figure 4). The corresponding odds
ratio of 0.75 (95% CI: 0.59-0.95; p=0.02) indicates an advantage regarding the
mortality of patients treated by bisphosphonates.

In this thesis it was assumed that bisphosphonate effects on mortality can be
generalised with data from studies using at least three different bisphosphonates. In
order to get an analysis about mortality effects concerning three and not two
bisphosphonates, the data for one of these, ibadronate, were obtained from the last
Cochrane Collaboration Review [Djulbegovic 2002], since the single publication
about this bisphosphonate [Menssen 2002] did not numerically report on mortality.

The sensitivity analysis obtained by excluding the Menssen study [2002] did
not show significantly different results. The heterogeneity among trials tested by the
Chi? test (Chi? =1.37; degrees of freedom (df)=3; p=0.71) was not significant. As
above, the corresponding odds ratio of 0.69 (95% CI: 0.53-0.90; p=0.007) also indi-
cates an advantage regarding mortality of patients treated by bisphosphonates (Fig-
ure 5).
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3.2.2. Meta-analysis of SRE reduction data

From thirteen selected studies, data from seven trials were included in the
meta-analysis of skeletal related event reduction. Among 880 patients treated with
bisphosphonates, 298 experienced skeletal related events in comparison with 301
patients experiencing skeletal related events among the 973 control patients. The
Chi? test (Chi? =8.55; degrees of freedom (df)=6; p=0.20) shows there was no sig-
nificant heterogeneity among trials. The odds ratio of 0.89 (95% CI: 0.72-1.09;
p=0.27) indicates no beneficial effect of bisphosphonates on the number of patients
experiencing general skeletal events (Figure 6).

Figure 3: Efficacy of bisphosphonates measured as mortality reduction.

Bisphosphonates Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M=H, Fixed, 95% CI
1.1.1 Etidronate
Belch 1991 65 92 37 74 7.2%  2.41[1.27,4.56) —_
Subtotal (95% CI) 92 74 72%  241[1.27,4.56] *
Total events 65 37
Heterogeneity: Not applicable
Test for overall effect: Z = 2.69 (P = 0.007)
1.1.2 Clodronate
Lahtinen 1992 54 168 68 168 27.4% 0.70[0.45, 1.09) i
McCloskey 2001 234 264 253 271 16.9%  0.55(0.30, 1.02] i
Subtotal (95% CI) 432 439 443% 0,64 [0.45, 0.92] ¢
Total events 288 32l
Heterogeneity: Chi? = 0.35, df = 1 (P = 0.56); P = 0%
Test for overall effect: Z = 2.41 (P = 0.02)
1.1.3 Pamidronate
Berenson 1998 67 203 77 189 31.8% 0.72[0.47, 1.0§) i
Kraj 2003 13 23 12 23 31% 1.19[0.37 3.81] T
Subtotal (95% CI) 226 212 349%  0.76[0.51,1.12] Q
Total events 80 89
Heterogeneity: Chi? = 0.65, df = 1 (P = 0.42); P = 0%
Test for overall effect: Z = 1.40 (P = 0.16)
1.1.4 Ibandronate
Menssen 2002 42 99 40 99 13.7% 1.09([0.62, 1.91)
Subtotal (95% CI) 99 99 13.7%  1.09[0.62, 1.91]
Total events 42 40
Heterogeneity: Not applicable
Test for overall effect: Z = 0.29 (P = 0.77)
Total (95% CI) 849 824 100.0%  0.87 [0.70, 1.09] 4
Total events 475 487
Heterogeneity: Chi? = 14.49, df = 5 (P = 0.01); I = 65% ID oL DII IID IDOI

Test for overall effect: Z = 1.23 (P = 0.22)

: _ Favours experimental Favours control
Test for subgroup differences: Not applicable
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Figure 4. Sensitivity analysis (mortality assessment without the outlier, Belch 1991).

Bisphosphonates Control Odds Ratio Odds Ratio

Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 Etidronate
Belch 1991 b5 52 i7 74 0.0%  2.41[1.27,4.568]
Subtotal (95% CI) 92 74 Not estimable
Total events b5 i7
Heterogengity: Not applicable
Test for overall effect: Not applicable
1.1.2 Clodronate
Lahtinen 1992 54 168 68 168 29.5% 0.70 [0.45, 1.09] i+
McCloskey 2001 234 264 253 271 1B.2%  0.55(0.30, 1.0Z] —i
Subtotal (95% CI) 432 439 47.7%  0.64 [0.45,0.92] ¢
Total events 288 izl
Heterogeneity: Chiz = 0,35, df = 1 (P = 0.56); IF = 0%
Test for overall effect: Z = 2.41 (P = 0.02)
1.1.3 Pamidronate
Berenson 1998 67 203 77 189 34.2% 0.72 [0.47, 1.08] 1
Kraj 2003 13 23 12 23 33% 1.19(0.37,3.8]) N
Subtotal (95% CI) 226 212 375% 076 [0.51, 1.12] L
Total events 80 89
Heterogenelty: Chi? = 0.65, df = 1 (P = 0.42); I = 0%
Test for overall effect: Z = 1.40 (P = 0.16)
1.1.4 Ibandronate
Menssen 2002 42 99 40 99 147% 1.09([0.62, 1.91] —+
Subtotal (95% CI) 99 99 14.7%  1.09[0.62, 1.91] <&
Total events 42 40
Heterogeneity: Not applicable
Test for overall effect: Z = 0.29 (P = 0.77)
Total (95% CI) B49 824 100.0%  0.75[0.59,0.95] ¢4
Total events 475 487

ity: Chi? = =4(P= = I I I I
Heterogeneity: Chiz = 3.35, df = 4 (P = 0.50); I = 0% 0l 01 100

Test for overall effect: Z = 2.35 (P = 0.02)
Test for subgroup differences: Not applicable

Favours experimental Favours control
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Figure 5. Sensitivity analysis (mortality assessment without Menssen 2002 study).

Bisphosphonates Control Odds Ratio Odds Ratio

Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
1.1.1 Etidronate
Belch 1991 b5 92 i7 74 0.0% 2.41[1.27,4.58]
Subtotal (95% CI) 92 74 Not estimable
Total events b5 i7
Heterogeneity: Not applicable
Test for overall effect: Not applicable
1.1.2 Clodronate
Lahtinen 1992 54 168 68 168 34.7% 0.70[0.45, 1.09] 4
McCloskey 2001 234 264 253 271 21.3% 0.55(0.30, .02 —
Subtotal (95% CI) 432 439 56.0%  0.64[045 092 ¢
Total events 288 izl
Heterogeneity: Chi = 0.35, df = 1 (P = 0.56); F = 0%
Test for overall effect: Z = 2.41 (P = 0.02)
1.1.3 Pamidronate
Berenson 1998 67 203 77 189 40.1% 0.72[0.47, 1.08] 1
Kraj 2003 13 23 1223 39 1.19(0.37, 3.8] N
Subtotal (95% CI) 226 212 44.0% 076 [0.51, L.12] |
Total events 80 B9
Heterogeneity: Chi? = 0,65, df = 1 (P = 0.42); I? = 0%
Test for overall effect: Z = 1.40 (P = 0.16)
1.1.4 Ibandronate
Menssen 2002 42 99 40 99 0.0% 1.09[0.62, 1.91]
Subtotal (95% CI) 99 99 Not estimable
Total events 42 40
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Total (95% CI) 849 824 100.0%  0.69 [0.53, 0.90] ¢
Total events 475 487

ity Chi? = =1(p= R = I I I I
Heterogeneity: Chi* = 1.37,df =3 (P= 0.71): ? = 0% 0l 01 0 100

Test for overall effect: 2 = 2.72 (P = 0.007)
Test for subgroup differences: Not applicable

Favours experimental Favours control
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Figure 6. Efficacy of bisphosphonates measured as reduction of skeletal related

events incidence.

Test for overall effect Z = 1.11 (P = 0.27)
Test for subgroup differences: Not applicable

Favours experimental Favours control

Bisphosphonates Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M=H, Fixed, 95% CI M-=H, Fixed, 95% Cl
1.2.1 Etidronate
Belch 1991 20 92 21 74 9.6% 0.70(0.35, 1.42] T
Subtotal (95% CI) 92 74 96% 0.70[0.35 142 <
Total events 20 21
Heterogeneity: Not applicable
Test for overall effect; Z = 0.98 (P = 0.33)
1.2.2 Clodronate
Heim 1995 19 39 21 32 6.2% 0.50(0.19, 1.30] T
Lahtinen 1992 23 96 13 108  4.9% 2.30(1.09, 4.85) —
Subtotal (95% CI) 135 140 11.1% 1290073, 2.28] >
Total events 42 34
Heterogenelty: Chi? = 6.08, df = 1 (P = 0.01); P = 84%
Test for overall effect; Z = 0.89 (P = 0.38)
1.2.3 Pamidronate
Attal 2006 41 196 48 200 19.8% 0.84(0.52, 1.34] &
Berenson 1998 h2 198 66 179 25.0% 0.78[0.51, 1.20] +
Brincker 1998 79 152 B0 148 20.5% 0.92 [0.58, 1.45] i
Subtotal (95% CI) 546 527 652%  0.84[0.65, 1.09] ¢4
Total events 182 194
Heterogenelty: Chiz = 0.27, df = 2 (P = 0.87); P = 0%
Test for overall effect; Z = 1.30 (P = 0.19)
1.2.4 Ibandronate
Menssen 2002 54 107 52 99 14.1%  0.92(0.53, 1.59] —a—
Subtotal (95% CI) 107 99 14.1% 092 [0.53, 1.59] &
Total events 54 52
Heterogeneity: Not applicable
Test for overall effect; Z = 0.30 (P = 0.77)
Total (95% CI) 880 840 100.0%  0.89[0.72, 1.09] 4
Total events 298 301

ity: Chiz = =f(P= R = I I I |
Heterogeneity: Chi? = 8,55, df = 6 (P = 0.20); P = 30% b0l 01 10 100
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3.3. Bisphosphonate side-effect analysis

Three out of the nine included multiple myeloma studies [Attal 2006, Lahtinen
1992, Berenson 1998] adequately reported side-effects, three [McCloskey 2001, Kraj
2000, Belch 1991] did not report side-effects at all and three [Brincker 1998, Heim
1995, Menssen 2002] did not adequately report side-effects. Four studies reported
gastrointestinal side-effects as commonest toxicity. Only the study by Attal [2006]
reported ONJ.

As the majority of side-effects were reported in a qualitative, narrative manner
(Table 20) an analytical comparison among studies by type of identified side-effects
and their frequencies would be quite misleading.

Seven observational trials with 1068 patients regarding ONJ were included in
the present analysis (Table 21). The analysis of their findings resulted in very het-
erogeneous ONJ frequencies for various bisphosphonates (range: 0 to 51.51%).

Fifty-three case reports of multiple myeloma patients presenting this side-
effect are listed in Table 22 and 23. In total, 46.68% of all ONJ cases were not strati-
fied according to the illness. ONJ was more common in men than in women (50.42%
vs. 49.58% of all patients and 55.29% vs. 44.71% in multiple myeloma patients) (Ta-
ble 22). ONJ was present in the mandible site in 63.56% of all cases and 63.77% of
multiple myeloma cases. Maxilla was less common in 25.15% of all cases and
28.26% of multiple myeloma cases. ONJ manifestation in both the mandible and
maxilla was present in 6.54% of all patients and 6.52% of multiple myeloma patients.

ONJ occurred in 62.52% of all patient or 66.67% of multiple myeloma patients
after a dental intervention (such dental extraction or dentoalveolar surgery).

It would be not be appropriate to draw conclusions about ONJ risk in various
bisphosphonates based on case reports without control groups and frequencies (Ta-
ble 23).
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Table 20. Commonest side-effects reported in the multiple myeloma studies.

Reference | Route, dose & fre- | Commonest toxicity Comments
guency
Clodronate
Heim 1600 mg/d po Leukopenia,  nausea,
1995 loss of appetite, vomit-
ing, dyspnoea.
Lahtinen 400 mg capsules | Nausea, diarrhoea,
1992 po tid constipation, abdominal
pain, alergic reations.
No difference between
clodronate and placebo
group.
McCloskey | 400 mg capsules | Not reported.
2001 po tid
Pamidronate
Attal 2006 | Pamidronate 90 | Peripheral neuropathy,
mg IV, every 4 | fatigue, constipation,
weeks, and 400 mg | neutropenia, thrombo-
pamidronate plus | cytopenia, anemia, in-
thalidomide po. a | fection, osteonecrosis,
minimum dose re- | nausea.
duction of 50 mg
Berenson 90 mg po. every 4 | Anemia, fever, nausea, | Two withdrawals due toxicities: an
1998 weeks upper respiratory tract | apparently allergic reaction and hy-
infection, fatigue, con- | pocalcemia (7.5 mg per deciliter)
stipation, diarrhea,
coughing.
Brincker 75 mg capsules po. | Nausea, dysphagia/ | Only gastrointestinal events were re-
1998 bid dyspepsia and gastroin- | ported.
testinal ulcerations(56
vs. 43)
Kraj 2000 60 mg IV, every 4 | Not reported.
weeks
Etidronate
Belch 1991 | 5 mg/kg/d | Not reported.
Ibandronate
Menssen 2 mg IV every | Not spezified. 40 placebo and 42 ibandronate pa-
2002 month tients dropped out because of severe

adverse advents.
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Table 21. Included osteonecrosis of the jaw (ONJ) observational studies.

Reference Study type Type of bisphosphonates Total No. Route, Time of | ONJ
No of | of dose & | treatment | inci-
pts ON frequency dence

pts

Badros Retrospective Pamidronate 17 3 NR NR. 17.65%

2006 study Zoledronate 34 2 5.88%

Pamidronate + zoledronate 33 17 51.51%

Calvo-Villas NC Zoledronate 64 7 NR NC 7(10.9%)

2006

Corso Retrospective Pamidronate 20 0 NC 23 mo. 0%

2007 study Zoledronate 37 5 NC 28 mo. 11.9%

Pamidronate + zoledronate 42 2 NC 47 mo. 4.55%

Dimopoulos Retrospective Pamidronate 93 7 NR 39 mo 7.5%

2006 study from Zoledronate 33 1 ONJ pts 3%

1997; Pamidronate+zoledronate 66 6 (11-76) vs | 9.1%
Prospective Ibandronate 1 0 28 without | oo
from 2003 to Ibandronate +zoledronate 4 1 ONJ 25%
2005 Clodronate+ zoledronate 1 0 (4.5-123) 0%
Residronate+ zoledronate 1 0 0%
Garcia-Gara Retrospective Pamidronate 49 1 90 mg 28 mo. 2%
2006 study monthly
Zoledronate 64 6 4 mg 12 mo 9.3%
monthly (7-28)
Pamidronate+zoledronate 30 7 43.5 mo 23.3%
(24-59)

Tosi Retrospective Zoledronate 225 6 NR 10 mo 2.7%

2006 b study (4-35)

Zervas Retrospective Pamidronate 78 1 90 mg IV 24 mo 1.28%

2006 study from (4-120)

1991, prospec- Zoledronate 91 6 4mg IV 6.59%
tive from 2001 46 whs
Pamidronate+zoledronate 85 21 24.71%

to 2006
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Table 22. ONJ case reports: data stratified by patient sex, ONJ site and previous
surgical / dental intervention

Reference Total No. of | No. male No fe- | Mandible | Maxilla | Both Previous surgical/dental
MM pts male intervention
Abu-Id 2006 73* 24 49 57 12 4 38
Agrillo 2006 30* 10 20 18 7 5 20
Bagan 2006 9 4 5 7 0 2 5
Battley 2006 1 1 0 0 1 0 0
Braun 2006 1 1 0 1 0 0 1
Broglia 2006 1 1 0 0 1 0 NR
Capalbo 2006 9 3 6 6 3 0 9
Carneiro 2006 1 1 0 1 0 0 1
Carter 2005 2 2 0 0 0 1 2
Clarke 2007 21 14 7 16 5 0 9
Curi 2007 1 0 1 1 0 0 1
Dannemann 2007 7 NE NE NE NE NE 7
Diego 2007 3 3 0 1 1 1 3
Dimitrakopoulos 5 4 1 3 2 0 5
2006
Elad 2006 22 12 10 13 9 0 19
Estilo 2004 13 4 9 6 5 2 9
Ficarra 2005 2 0 2 1 0 1 2
Gibbs 2005 8 5 3 NR NR NR 7
Hansen 2006 5 3 2 3 1 1 3
Hay 2006 2 1 1 2 0 0 1
Herbozo 2007 1 0 1 0 1 0 0
Kademani 2006 1 1 0 1 0 0 1
Katz 2005 2 1 1 0 2 0 2
Khamaisi 2006 6 3 3 1 5 0 NR
Kumar 2007 2 2 0 1 1 0 2
Lenz 2005 1 0 1 0 0 1 NR
Lugassy 2004 3 2 1 3 0 0 1
Magopoulos2007 33 NR NR 20 12 1 NR
Marunick 2005 2 1 1 2 0 0 NE
Marx 2005 119* NR NR 81 33 5 55
Mavrokokki 2007 114* 63 51 57 24 8 89
Melo 2005 7 6 1 5 1 1 NE
Merigo 2006 1 0 1 1 0 0 1
Migliorati 2005 3 2 1 3 0 0 2
Montazeri 2007 1 1 0 NR NR NR 1
Mortensen 2007 4 3 1 1 3 0 4
Murad 2007 2 2 0 1 1 0 2
Pires 2005 4 2 2 3 1 0 NE
Pozzi 2007 35 11 24 27 6 2 16
Purcell, Boyd2005 3 3 0 2 0 0 2
Ruggiero 2004 28 17 11 19 8 1 NE
Pastor-Zuazaga 1 NE NE 0 0 1
2006
Phal 2007 3 1 2 0 2 0 NR
Polizzotto 2006 1 1 0 NR NR NR 1
Salesi 2006 2 1 1 NR NR NR NR
Senel 2007 1 0 1 1 0 0 1
Sitters 2005 1 1 0 1 0 0 NR
Treister 2006 1 1 0 1 0 0 0
Vannucchi 2005 1 1 0 NR NR NR NE
Walter 2007 9 4 5 6 0 3 1
Wutzl 2006 12 8 4 7 5 0 NR
Yeo 2005 2 1 1 0 1 1 2
Zarychanski 2006 10 6 4 9 1 0 6
Total 632 238 234 389 154 40 332
(472%) (472%) (612%) (612%) (612*) | (5631%)
50.42% 49.58% 63.56% 25.16% | 6.54% | 62.52%
MM extractable pts 295 141 114 176 78 18 130
46.68% (255**) (255*) (276*) (276**) | (276™*) | (195*%)
55.29% 44.71% 63.77% 28.26% | 6.52% | 66.67%

NE not extractable NR not reported * all pts ** MM pts
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Table 23. ONJ case reports: data stratified by bisphosphonate type.

Total Clodronate Pamidro- Zoledronate Pamidronate/ iV not | Others
No. of nate Zoledronate speci-
MM pts fied
Abu-Id 2006 73* [ [ 68 [ [
Agrillo 2006 30* 30
Bagan 2006 9 2 7
Battley 2006 1 1
Braun 2006 1 1
Broglia 2006 1 1
Capalbo 2006 9 2 4 3
Carneiro 2006 1 1
Carter 2005 1 2
Clarke 2007 21 12 1 8
Curi 2007 1 1
Dannemann 2007 7 2 5
Diego 2007 3 3
Dimitrakopoulos 5 2 3
2006
Elad 2006 22 17 4 1(A)
Estilo 2004 13* 13
Ficarra 2005 2 1 1
Gibbs 2005 8* 1 7
Hansen 2006 5 1 4
Hay 2006 2 2
Herbozo 2007 1 1
Kademani 2006 1 1
Katz 2005 2 1 1
Khamaisi 2006 6 6
Kumar 2007 2 2
Lenz 2005 1 1
Lugassy 2004 3 1 2
Magopoulos 2007 33 6 19 7 1(P,1,2)
Marunick 2005 2 1 1
Marx 2005 119 3 48 36 3 (A)
2
Mavrokokki 2007 114* 2 20 43 13 30 (A)
2(R)
2(A/R)
1(P/A)
1(P/)
Melo 2005 7 4 2 1
Merigo 2006 1 1
Migliorati 2005 3 1 Z
Montazeri 2007 1 1
Mortensen 2007 4 2 2
Murad 2007 2 2
Pires 2005 4 4
Pozzi 2007 35 3 14 18
Purcell and Boyd 3 2 1
2005
Ruggiero 2004 28 14 4 10
Pastor-Zuazaga 1 1
2006
Phal 2007 3 1 1 1(P/C)
Polizzotto 2006 1 1
Salesi 2006 2 2
Senel 2007 1 1
Sitters 2005 1 1
Treister 2006 1 1
Vannucchi 2005 1 1
Walter 2007 9 1 1 7
Wutzl 2006 12 2 8 2
Yeo 2005 2 2
Zarychanski 2006 10 10
Total 632 4 147 193 198 43 42
MM extractable pts 295 2 95 102 81 13 9
Pts (no/%)not | 337 2 52 91 117 30 33
stratified by illness | (53.32%) (50%) (35.37%) (41.15%) (59.09%) (62}.)77 (78.57%)
00

* MM pts not extractable A Alendronate C Clodronate | Ibandronate P Pamidronate Z Zoledronate
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3.4. Discussion

The choice of therapy for a multiple myeloma patient ideally depends on evi-
dence that the selected treatment leads to better outcomes and/or a lower risk of
side-effects. However, the volume of data that need to be considered by medical
professionals, researchers, consumers and policy makers is constantly expanding
and it has become extremely difficult for the individual to keep up to date with current
knowledge in his or her field of interest. Reviews are also required to identify new
research questions to address in further studies, rather than simply giving a sum-
mary of the studies so far. Provided that the quality of research has been adequate,
research synthesis has always an important impact on policy and practice [Chalmers
2001, Chelimsky 1995].

3.4.1. Method

A systematic review as a method for reviewing research evidence involves the
careful and systematic collection of data from clinical trials, an assessment of each
study and an unbiased synthesis and measurement of findings from individual stud-
ies. This is primarily done by means of a statistical tool called meta-analysis and re-
quires due consideration of any flaws in the evidence.

A statistical synthesis of the "appropriate" results of separate but similar stud-
ies through meta-analysis has its major advantages. Firstly, many individual studies
lack statistical power, as they are too small to detect modest but important effects.
Statistical power is considerably improved by combining all the studies that have at-
tempted to answer the same question. For example, one of the earliest and more
important meta-analyses ever done, published in 1982 and concerning treatments in
myocardial infarction, showed that thrombolysis was associated with a highly signifi-
cant fall in mortality. This finding came about after synthesising eight smaller studies,
each of which separately showed no significant result [Stampfer 1982]. The meta-
analysis finding, however, was taken seriously and impacted medical practice only
after the publication of two large clinical trials in the late 1980°s that confirmed its re-
sults [GISSI 1986, ISIS-2 1988].

Secondly, although critics of meta-analysis argue that combining data from
different trials leads to the problem of "mixing apples and oranges", and is subject to
the “garbage-in, garbage-out”, the method can have distinct advantages. In fact, by
putting together all available data from separate but similar studies, meta-analyses
generate results which are more generalisable to a wide variety of settings and clini-
cal trial designs than those obtained by individual trials. The findings of a particular
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study, on the other hand, may be valid only for a population of patients with the same
characteristics as those investigated in the trial [Egger 1997a].

Although it is always appropriate and desirable to systematically review a
body of data, this must be done with great prudence, as sometimes it may be inap-
propriate or even misleading to statistically pool results from separate studies [Egger
2001]. As often occurs in research, even an elegant statistical treatment of data,
when performed on biased “rubble”, is incapable of generating unbiased precious
stones [Chalmers 2001, Chelimsky 1995].

Confirmation of this problem is shown by the fact that the findings of some
meta-analyses have later been contradicted by large randomised controlled trials
[Egger 1995, 1997b]. Such discrepancies have brought discredit to a technique that
has been controversial since the outset [Eysenck 1978]. As well as the problem of
publication bias, there are many other sources of distortion that may be introduced in
the process of locating, selecting, and combining studies that may lead a misleading
meta-analysis [Easterbrook 1991, Getzsche 1987, Egger 1997a]. Therefore there is
an urgent need not only to reduce biases in the data collection and reporting in indi-
vidual studies that may contribute to reviews, but also to resist the temptation to
combine biased or misleading findings in a questionable statistical synthesis.

One important example of this issue is the lack of clinical trials reporting side-
effects. Observational studies may represent in this case the only source of evidence
allowing a practitioner to find out the odds of exposing patients to a risk factor and to
compare thiso to the odds of exposure among controls. Despite the strength of ob-
servational studies, they are relatively easy, cheap and quick to obtain from previ-
ously available patient records. However, taking into account the great level of re-
viewer subjectivity, their weaknesses are more serious than the advantages and
make them only a fair source of general confirmatory data and not a source of un-
equivocal evidence.

More controversial is decision by the Cochrane Group to pool results on pain
reduction by bisphosphonates [Djulbegovic 2002]. Contrarily, this thesis avoided do-
ing so, since the main research on this issue was conducted inappropriately. To be
able to estimate a true effect of bisphosphonates on pain, bisphosphonates should
be compared against an appropriate treatment with opiate in clinical trials and avoid
using the reduction of opiate consumption as a partial index of activity.

These examples not only illustrate some critical points but also further sup-
port the argument for implementation of systematic reviews. They also point out spe-
cific issues and give some direction for further practical steps. Therefore, if, as de-
scribed above, any unreliability and invalidity of measurements in primary re-
searches are identified, it becomes essential to develop new up-to-date evidence-
based clinical trial bisphosphonate guidelines becomes to determine of standards
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regarding how to assess therapy effects within future clinical trials. This would lead
to valid results and consequently contribute to a valid body of cumulative evidence.

3.4.2. Multiple myeloma data evaluation and interpretation

Treatment of multiple myeloma, a B-cell cancer, is usually palliative. Bone
disease affects 70% of multiple myeloma patients [Badros 2006] and causes compli-
cations, such as pathologic fractures, severe bone pain, impaired mobility, spinal
cord compression and hypercalcaemia, all of them leading to greater morbidity and
QOL.

To assist oncologists in management decisions, the following agencies have
developed guidelines for the treatment of multiple myeloma: European Society for
Medical Oncology (ESMO) [Harrouseau 2008], American Society of Clinical Oncol-
ogy (ASCO) [Kyle 2007], United Kingdom Myeloma Forum (UK-MF) [Smith 2006],
Italian Society of Hematology (SIE), ltalian Society of Experimental Hematology
(SIES) and ltalian Group for Bone Marrow Transplantation (GITMO) [Barosi 2004],
International Myeloma Foundation (IMF) [Durie 2003], and National Comprehensive
Cancer Network (NCCN) [NCCN 2008]. The guidelines are based on a review of the
available evidence from clinical studies and were followed by general consensus
from an expert committee.

Some recommendations by guidelines regarding bisphosphonate therapy are
summarized in Table 24.

Table 24. Currently available guidelines for bisphosphonate therapy

Guideline source Oral \Y] Patients

ESMO 2008 Generally rec- Generally rec- With stage Il or relapsed
ommended ommended disease

ASCO 2007 Not Pamidronate Who have on plain ra-

and zoldronate  diogrph (s), lytic destruc-
tion of bone or os-

teopenia
UK-MF 2005 Clodronate Pamidronte and All patients with or with-
zoldronate out bone lesions
SIE; SIES; Clodronate Pamidronte and With bone disease or
GITIMO 2004 zoldronate severe osteopenia
IMF 2003 Clodronate Pamidronate With bone disease
and zoldronate
NCCN 2008 Not Pamidronate With documented bone
and Zoldronate disease including os-
teopenia

Generally, the problem with expert panels concerns a lack of established
baseline qualifications of what an "expert" is, lack of transparency and the risk of
conflicts of interests or domineering personalities influencing recommendations.
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In clinical practiceh, most guideline recommendation are based on the
agreement of a panel of experts (consensus expert committees), not on a systematic
review process, and are considered the established truth and the gold standard
about how to treat patients. The American College of Chest Physicians states that
the phrases “evidence-based”, “guideline” and “we recommend” should not be used
in the context of a consensus-based statement. Findings of a consensus panel
should be rather stated as "opinions" or "suggestions" [Guyatt 2006]. The Australian
National Health and Medical Research Council similarly excluded expert opinions
and expert committee consensus from the classification of the level of evidence, as
they do not arise directly from scientific investigation [NHMRC 2000].

A comparison between meta-analyses of study data on the effectiveness of
treatments for myocardial infarction with "opinions" or "suggestions" made by clinical
experts in textbooks and review articles, found that often the expert opinions were
not in line with the evidence. They either failed to recommend treatments that were
effective or recommended routine use of ineffective or potentially harmful treatments
[Antman 1992]. Only if evidence is lacking should these, "opinions" or "suggestions"
be, at most, taken into consideration and reviewed until new evidence becomes
available [NHMRC 2000].

In comparison to the clinical guidelines listed above, this thesis developed a
systematic review of bisphosphonate effects in multiple myeloma patients by means
of a meta-analysis of study data. In this thesis, two searching strategies were applied
due to findings of different methodological quality which had to be analysed sepa-
rately.

Firstly, a primary analysis must adress an original examination of research
data as reported from RCT. Moreover, a carefully defined search strategy must be
used to detect and prevent publication bias [Pirozzo/Mayer 2004a].

The second search strategy was aimed at identifying and classifying either observa-
tional studies or case reports of ONJ (3.1.2. search strategy).

To prevent biases and post-hoc adaptation of data, the process of article se-
lection was preceded by a review protocol written in advance. The research question
was clearly defined as the benefits and harms of bisphosphonate therapy in multiple
myeloma patients. Outcomes to be looked for were also set down as skeletal related
events, mortality and side-effects.

Finally, this thesis identified 13 myeloma trials containing valuable information
on bisphosphonate therapies. However, a large publication bias was identified and
data from three studies could not be utilised at all: the Terpos [2000] study data
have not been published at all (the last Cochrane review obtained the data from the
manufacturer), the data from Rosen 2004 study [Rosen 2001, 2003, 2004, Berenson
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2001] have not been stratified by illness and the Delmas study [1982] and Daragon
study [1993] outcomes were ambiguously described meaning extraction was not
possible.

Further analyses of the individual studies were performed according to their
research designs. The studies were tested for heterogeneity to determine if they
were qualitatively similar enough to be combined in the meta-analysis.

3.4.2.1. Efficacy of bisphosphonates concerning measurement of outcomes

The formal ranking system of levels of evidence assists health care decision

makers to judge the strength of evidence associated with the reported clinical find-
ings.
The system of assigning levels of evidence incorporates study quality ranking ac-
cording to the strength of their research design, ranging from the gold standard, i.e.
RCTs, to case series and case reports. The levels of evidence should also be ranked
according to the evidential strength of the measured end points.

There are a variety of end points which may be measured and reported in on-
cology: mortality (or survival), cause-specific mortality, QOL or indirect surrogates of
these three outcomes, such as disease-free survival, progression-free survival and
tumour response rates.

Since more than a decade ago the Outcomes Working Group of the American
Society of Clinical Oncology (ASCO) highlighted the priority of patient-outcomes
(mainly survival and QOL), giving a secondary relevance to cancer outcomes and
pharmacoeconomic evaluations [ASCO 1996]. The Food and Drugs Administration
(FDA) and the European Medicines Agency (EMEA) also gave great relevance to
QOL as a patient-outcome [Apolone 2003, Schilsky 2002]. Despite this, an appropri-
ate QOL assessment in clinical trials is not deemed necessary. Rather, symptoms
control, toxicity or performance statuses are assessed as surrogate end points for
QOL.

The myeloma trials identified in this thesis do also not report (or at least not
adequately) on QOL data. Therapy efficacy represented as reduction of skeletal re-
lated events and pain reduction are used as surrogate end points for QOL instead of
the actual QOL assessment.

A reason for this omission is that in clinical practice the assessment of QOL is
problematic and often inaccurate. The frequent obstacles of QOL assessment are
represented by patients compliance, missing data, accuracy of the assessment, and
complexity [Tassinari 2003]. Furthermore, there are many generic and disease-
specific QOL and health survey measures. Comparison of their usefulness is often
difficult [Contopoulos-loannidis 2009, Garratt 2009]. Varying measurements across

56



3. RESULTS AND DISCUSSION

clinical trials make comparisons and syntheses of finding difficult. Therefore, future
efforts should be made to appropriately use and standardise QOL measures in can-
cer RCTs [Garratt 2009].

A Cochrane systematic review examined relief of pain secondary to bone me-
tastases by using bisphosphonates in thirty identified RCTs [Wong/Wiffen 2002]. The
review concluded that the evidence is insufficient to recommend bisphosphonates for
immediate effect. This finding is in contradiction with a Cochrane review examining
the role of bisphosphonates in myeloma patients [Djulbegovic 2002] that showed a
clear beneficial effect of bisphosphonate on pain reduction.

The discrepancy between the results of these two Cochrane reviews lays in
the decision about which studies should be included. The review by Djulbegovic at
al. included eight studies, all of which measured pain reduction in different ways.In
contrast, the Wong and Wiffen's study included only studies that reported the pro-
portion of patients with pain relief within 12 weeks of bisphosphonate treatment. Us-
ing this inclusion criterion, just one trial of multiple myeloma was identified [Berenson
1996].

This thesis, as mentioned above, in contrast to the reviews of Djulbegovic et
al. [Djulbegovic 2002] and Wong and Wiffen [Wong/Wiffen 2002], did not address
pain reduction by bisphosphonates. In the protocol of this research, written in ad-
vance, two most important efficacy patient outcomes were set to be looked for: mor-
tality and skeletal related event reduction (see 1.1.2)

3.4.2.2. Efficacy of bisphosphonates concerning mortality reduction

Survival as an appropriate measure of outcome is rarely achieved in treat-
ments of common metastatic solid tumours [Chlebowski1994]. In view of this, a sin-
gle trial claiming improved survival must be viewed sceptically as it is quite likely to
be a false-positive result, especially if the p-value is “borderline” [Vardy 2004].

The factors that contribute to false-positive trials include publication bias in
favour of positive trials, the use of multiple significance tests in the analysis of the
data (at least one may be positive by chance), and a low probability that a new
treatment will be superior [Vardy 2004]. Parmar et al. [1996] have shown that if the
true prevalence of clinical trials comparing therapeutic strategies with a meaningful
difference in survival is 10% (an arbitrary but not unreasonable estimate), and one
designs an RCT with p=0.05 and with 80% power to detect a positive result, then
about one trial in every three reported as positive will actually be a false-positive. For
these reasons, any improvement in duration of survival needs to be verified in a sec-
ond trial [Vardy 2004]. From ten myeloma studies reporting on mortality, there was
not a single trial reporting positive results.

57


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%2522Wong%20R%2522%255BAuthor%255D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%2522Wiffen%20PJ%2522%255BAuthor%255D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%2522Wong%20R%2522%255BAuthor%255D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%2522Wiffen%20PJ%2522%255BAuthor%255D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

3. RESULTS AND DISCUSSION

A relevant publication bias has been detected: from ten studies, one study did
not investigate mortality [Heim 1995], three reported no significantly difference in
mortality but without giving quantitative information [Attal 2006, Brincker 1998,
Menssen 2002], and one study did not report on the number of deaths [Daragon
1993].

Mortality reduction was assessed by the meta-analysis of data from six studies that
reported data adequately and from a study [Menssen 2002] based on the data that
Cochrane Collaboration obtained from the manufacturer [Djulbegovic 2002].

The meta-analysis results show a significant difference between the treatment
and the placebo group. There are, however, important reasons to believe this result
is biased. The first is the publication bias mentioned above, which meant that non
significant results were not adequately reported and could not be utilised in the meta-
analysis. Secondly, since this finding is contradictory to practical findings and to the
clinical studies (no one has found a mortality reduction benéefit), it can be assumed
that the number of non significant results (from studies big enough to detect a differ-
ence if present [McCloskey 2001, Berenson 1998]), when combined in a big "meta-
study" led to significance because of the higher statistical power. Furthermore, the
result of this meta-analysis is contradictory to the most recent clinical study by Attal
et al. [2006] involving 597 myeloma patients. This study reported a non significant
mortality reduction between the treatment and observation groups, without providing
extractable data for meta-analysis purposes.

3.4.2.3. Efficacy of bisphosphonates concerning skeletal related event reduction

Skeletal related event (SRE) reduction can be used as an intermediate study
end point to represent a preliminary index of the final outcome, such as mortality or
QOL. This means that this surrogate end point presupposes that skeletal related
morbidity is reduced through the reduction of skeletal related events, but without a
direct measurement. At the same time, this end point is a surrogate of QOL instead
of a real QOL measurement, as addressed above. The risk of confounding a surro-
gate end point with a final end point is a real danger for health care decision makers
[Tassinari 2003]. An understanding of the difference between surrogate and final end
points is therefore of great importance for the process of health care decision mak-
ing.

The effect on reduction of skeletal related events obtained from the meta-
analysis of six trials with 1673 patients was not significantly different from the effects
in the placebo group. This result contradicts those obtained from Cochrane Collabo-
ration Group [Djulbegovic 2002]. A possible explanation could be that the new re-
sults from the Attal [2006] study, having a large number of patients (396 included in
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the meta-analysis), influenced the outcome in the favour of placebo. A further expla-
nation is that different meta-analysis results were obtained by a different choice of
outcomes to be analysed and therefore by the inclusion of different studies reporting
on the outcomes. In other words, Djulbegovic et al. [2002] conducted a meta-
analysis of the data of skeletal related events distinguishing in vertebral and non ver-
tebral fractures, with the result that only vertebral fractures were shown to be signifi-
cantly reduced by bisphosphonates. In contrast, this thesis analysed the total num-
ber of SREs, including two additional studies [Heim 1995 and Brincker 1998] ignored
by the Cochrane review meta-analysis, because they do not distinguish between ver-
tebral and non vertebral fractures. Additionally, the Cochrane review included the
Terpos study [2000], which does not provide published data (Cochrane obtained the
data directly from the manufacturer), the Delmas study [1982], whose published re-
sults were not adequately described and the McCloskey study [2001], with data ob-
tained from event-free curves by the Cochrane group.

3.4.2.4. Sensitivity analysis

The meta-analysis of mortality reduction showed a significant heterogeneity
between analysed trials. Through the examination of the funnel plot (Figure 4), the
study by Belch [1991] was identified as an outlier. This was also expected, being the
only study with mortality results in favor of placebo (after this study etidronate, which
the study tested, ceased to be recommended for the use in myeloma patients). A
sensitivity analysis conducted by excluding this study showed no heterogeneity be-
tween trials, meaning the meta-analysis can be conducted.

In this thesis it was assumed that bisphosphonate effects on mortality are
generalisable with data from studies using bisphosphonates. The data for one of
these, ibadronate, were obtained from the last Cochrane Collaboration Review [Djul-
begovic 2002], as the single publication about this bisphosphonate [Menssen 2002]
did not numerically reported on mortality. However, the sensitivity analysis obtained
by excluding the Menssen study [2002] did not show significantly different results
(Figure 5).

3.4.2.5. Harms of bisphosphonate therapy

A therapy evaluation is very often bound to be misleading, as safety data are
assessed less rigorously in comparison to efficacy data [Lassere 2005] and clinical
trials evaluate efficacy and toxicity asymmetrically.

Bisphosphonate RCTs do report almost only gastro-intestinal (Gl) side-
effects. Four identified multiple myeloma RCTs reported gastrointestinal side-effects
as commonest toxicity and indicate that bisphosphonate therapy is well tolerated.
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Getting evidence of bisphosphonate side-effects requires looking for case re-
ports or case series in either descriptive studies or observational studies without a
control group. Since no comparison is made to any controls, contributory cause can-
not be provided. Descriptive studies are subjective and are at risk of being abused or
misinterpreted. At best, they can suggest future directions for research on the treat-
ment or test being reported on, using more stringent study design. A good general
rule for this kind of evidence is “take them seriously and then ignore them” [Pi-
rozzo/Mayer 2004].

Moreover, their credibility depends on the number of cases reported. This
means, for example, that if ONJ is a rare side-effect and is very unlikely to occur on
a regular basis, then descriptive studies maybe be considered sufficient evidence.
On the other hand, if the figure exceeds a critical amount, then it can no longer be
presumed to be a rarity and a true incidence should be investigated using more
stringent study design. Should this be the case for ONJ, regulatory agencies should
require bisphosphonate manufacturers to perform additional investigations about its
incidence. This thesis sought to conduct a comprehensive research of all descriptive
studies and also aimed to reach a critical number that could be potentially consid-
ered a persuasive argument for authorities to require more serious investigation into
ONUJ.

Only a randomised study by Attal et al. [2006] reported ONJ. Seven observa-
tional trials with a total of 1068 examined patients regarding ONJ were analysed.
The finding resulted in very heterogeneous ONJ frequencies relating to various
bisphosphonates (range: 0 to 51.51%).

The ONJ frequencies reported through observational studies included in the
analysis were too heterogeneous to enable drawing a conclusion regarding fre-
quency. However, 1068 patients from observational studies and 900 cases of ONJ
reports (all published after 2003), is a large number that contradicts the apparently
small number of cases presented in a retrospective chart review by the manufacturer
of pamidronate and zoldronate (Novartis). This result was shown in 2005 at the pub-
lic hearing of the FDA's Oncology Drugs Advisory Committee (ODAC), which aimed
to re-evaluate the risk/benefit ratio of intravenous bisphosphonates. This chart
showed that, of 2500 patients who were treated with intravenous bisphosphonates at
MD Anderson clinical centre over the last ten years, only 11 ONJ cases occurred in
631 breast cancer patients and 6 ONJ cases occurred in 148 multiple myeloma pa-
tients.

In this work all available evidence on ONJ was gathered and stratified into ob-
servational studies and case reports, according to their likelihood of being biased.
The results showed that the number of cases is much bigger than that considered in
the FDA risk-benefit re-evaluation. Therefore, it would be desirable for the national
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authorities to demand an investigation from the manufacturers into the true incidence
of side-effects in clinical studies, which are less likely to produce biased results than
retrospective data collections.

From a general point of view, higher safety requirements should be in the
agenda of future trials. Investigating and publishing side-effects adequately should
be set as a standard. This would result not only in better systematic reviews but also
in an improvement of decision making by policy makers and physicians, let alone
benefiting patient care.

In summary, this thesis conducted a critical analysis on ONJ by means of a
thorough review of all descriptive studies, aiming to call attention on some concerns
regarding the actual standards for clinical studies. Other bisphosphonate side-effects
were not investigated, since this would go beyond the scope of this work, but a gen-
eral requirement of higher examination standards for other relevant side-effects
should also be considered legitimate.

3.4.2.6. Clinical significance versus statistical significance

Clinical significance can be taken into consideration only after assessing the
statistical significance of primary and secondary trial end points.
Generally, a widely spread belief is that a statistically significant result automatically
means the same as clinically significant or true result. This is improper.
If the starting question is: “what is the probability (likelihood) that the difference we
found between groups was obtained purely by chance?”, then the procedure used to
give an answer would be a null hypothesis (H,) testing. The Hy assumes that there is
no difference between treatment and placebo group and that the observation oc-
curred due to chance alone. The customary scientific approach is to accept or to re-
ject the null hypothesis within a defined margin of acceptable error. Rejecting the null
hypothesis is a confirmation of the opposite statement “There is a real difference be-
tween the groups" based on a testing of the probability that the null hypothesis was
falsely rejected. It is generally accepted that the probability that the null hypothesis
is rejected when in fact it is true should be less than 5% (p< 0.05). This only means
that the difference found between the groups is significant because it is unlikely for
them to have occurred by chance alone. This does not automatically mean, that the
difference is significant because of a clinically relevant effect of a therapy or drug.
However, the higher the difference, the higher is the likelihood that this could be the
case. On the other side, if the difference in effect (the effect size) is small, signifi-
cance can still be reached providing higher statistical power by enlarging the sample
size. By doing this, of course, the risk of intervening external factors determining the
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effect found become greater. In this case the inference from statistically significant to
clinically significant gets more problematic.

For example, consider a placebo with which 50% experience a clinical benefit
and 50% do not. In testing a drug against this placebo with groups of 10 patients, the
result will be significant (P< 0.05) if at least 80% of patients show a benefit. With
1000 patients, a 58% benefit ratio leads already to significance, with 10000, 50,8%.

In big studies small differences between groups are enough for reaching sig-
nificance, whereas the same difference ratio in small studies could appear as due to
chance alone. If the effect size we are looking for is not previously set, as in most
cases, then a sample size could be arbitrarily enlarged until we get significant results
also for marginal effects. This is a controversial point of discussion on clinical trials,
but also a potential argument against the use of meta-analysis.

In the case of the meta-analysis on mortality reduction discussed here, a number of
studies with non-significant results combined together in a broad "meta-study" show-
ing the contrary. This does not mean that the meta-analysis discovered something
that the individual studies did not see, but simply that effect difference previously
seen as insignificant became significant thanks to the bigger sample size.

In our particular case, moreover, the significant result in the meta-analysis is contra-
dicted by a recent big randomised trial by Attal et al. [2006].

In order to evaluate a therapy and its significance, the results from subgroup analy-
ses should be taken into account. However their results could also be misleading.

If in the example above you have a not significant result of 55% of 100 pa-
tients with a clinical benefit (not significant being larger than 50%) and than you
make a subgroup analysis with ten groups with ten patients each, then it is possible
that in some of the groups a significant result is reached. Let’s say that in a specific
group nine out of ten patients experienced a beneficial effect of the treatment, which
appears as highly significant (in a case of a chance concentration in a group such as
in this example, then we should expect also that other ten-patiens subgroups show
non-significant results or even a lower benefit ratio lower than the placebo). This re-
sult is obviously biased. Since the patients were not randomly assigned but those
with the best outcomes concentrated in one of the subgroups, the probability that the
beneficial effect occurred due to chance is ten times bigger:

1-0,9893"°= 0,1020= 10,2%
This means that the result occurred probably by chance and is not significant.
It would be a severe case of “selection bias” if we were only to concentrate and

communicate the results of the subgroup with the 90% beneficial effects, ignoring or
keeping in the background how we got to that result.
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This point should have been taken account when the meta-analysis of sub-
groups data on vertebral and non vertebral fractures were conducted and inter-
preted. This was also the reason behind the choice in this thesis to conduct a meta-
analysis based on SRE total data in contrast to the last Cochrane Review [Djulbego-
vic 2002].

Although it is clear that a clinically significant result also has to be statistically
significant, the statistical significance should not be taken at face value as a defini-
tive proof of clinical efficacy without a critical appraisal.

3.4.3. Limitations

This thesis has taken a step in the direction of identifying the benefits and

risks of supportive bisphosphonate therapy in multiple myeloma patients.
As mentioned above, publication bias was relevant to this issue, meaning that from
13 identified myeloma studies only a small number of information could be utilised.
Moreover, the fact that the studies not published in English, German, ltalian lan-
guage journals were not reviewed may also have introduced bias into the research.

Further bias may have been introduced by taking into account only published

literature. The little availability of published data also imposes a clear limit.
Generally, since “positive” studies are more likely to be published than “negative”
studies, then any review, including this one, must be biased towards a “positive” re-
sult. This is an implicit problem concerning the whole domain of health care publica-
tions.

As it makes intuitive sense to take into account information on the quality of
clinical trials when doing systematic reviews [Hayward 1995, Girling 2003, Altman
2001], the approach to selecting studies for this systematic review of multiple mye-
loma trials was to exclude trials that fail to meet some standard of quality of study
design. In order to avoid the risk of excluding studies that might contribute valid in-
formation, only trials with gross deficiencies in design were excluded, as for example
the case of the non randomised Merlini [1990] trial or the Musto [2003] study in as-
ymptomatic patients.

In addition, it is important to emphasize that even large, well-designed ran-
domised trials have limitations. Patients in clinical trials are often very much se-
lected, with a focus on those with good performance status and near normal blood
parameters and as such are frequently not representative of the general cancer pa-
tient population. Therefore, benefits seen in patients recruited to clinical trials are not
necessarily generalisable to a less carefully selected sample of patients, even if they
present the same tumour type and stage [Vardy 2004].

Another approach aimed at dealing with studies of different quality would be
to directly incorporate information on study quality as weighting factors in the analy-
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sis. Study weights can be multiplied by quality scores, thus increasing the weight of
trials deemed to be of high quality and decreasing the weight of those of low quality
[Juni 2001]. As the poor quality of studies should not modify the precision of esti-
mate, poor quality study inclusion would be advantageous because that information
could be utilised as well.

However, weighting by quality scores is problematic for several reasons. As
the choice of the scale influences the weight of individual studies in the analysis, the
combined effect estimate and its confidence interval, reviewers' subjectivity would
play a role. Additionally, bias associated with poor methodology is only reduced, not
removed: dubious data continues to stay dubious also after giving them less impor-
tance. Including both good and poor studies may moreover increase heterogeneity of
estimated effects across trials and may reduce the credibility of meta-analysis con-
duction.
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3.5. Conclusion

Multiple studies (reviewed in Hillner et al. [2000]) have shown that patient out-
comes depend on how frequently a practitioner or centre treats a particular cancer
site [Hillner 2000, Glasgow 1996, Lieberman1995, Begg 1998, Hodgson 2003, Davis
1987, Feuer 1994] and several studies have suggested that patients treated in clini-
cal trials have a better outcome than patients who receive similar treatment but who
are not in a clinical trial [Davis 1985, Karjalainen 1989, Mayers 2001]. Therefore, in
order to improve patient outcomes, oncologists should further improve how the ther-
apy is delivered and also reflect on how patients are recruited for clinical trials. Addi-
tionally to the physician’s efforts, the decision to treat a patient should be of course
based on the premise that the treatment will do more good than harm, based on the
best evidence available. Further improvements can only be made when a true
risk/benefit assessment is possible. Since an overly positive risk/benefit assessment
can result in inappropriate health care decisions (e.g. new and expensive drugs may
be used instead of older, cheaper and thoroughly investigated products or inefficient
or unsafe experimental therapies may be used by other investigators, unaware of the
outcome of previous trials) the failure of such unbiased evidence to reach the medi-
cal community is a serious hazard [Bardy 1998].

The current evidence on bisphosphonate therapy shows there is no practical
survival advantage. Future studies should therefore investigate bisphosphonate
treatments as a palliative treatment by measuring its influence on true QOL end
points. The QOL assessment using solely surrogate end points like SRE reduction is
inappropriate from a methodological point of view and can be misleading since such
QOL outcomes are just surrogate responses [Tassinari 2003].

Furthermore, there is no sufficient published evidence for the risk/benefit as-
sessment of bisphosphonate treatment. Some of reasons for this is the lack of pro-
motion and legal requirements requiring all significant clinical study outcomes to be
accurately measured, reported and published, with exceptions. New published study
data that compares different bisphosphonates are essential in order to offer to pa-
tients the best possible treatment. Efforts should be made to establish multinational
databases that include all existing data on all clinical trials, including those notified,
ongoing, suspended and completed [Chalmers 1992, Delamothe1996, Bardy 1998].
Such databases should be accessible to regulatory authorities and preferably to the
entire medical community [Bardy 1998]. They could be helpful in overcoming biases
of medical information based on intuitive interpretation, one-sided interests or author-
ity-based opinions.
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APPENDIX. QUALITY EVALUATION OF THE INCLUDED MULTIPLE

MYELOMA TRIALS

The quality evaluation was performed using of the check-lists obtained from the
Guideline of the Australian NSW Health Department [Liddle 1996].

Table Al1.1. Descriptive information about the Attal 2006 study.

scribed?

(RCT), Non-Randomized
Control Trials (N-RCS), Co-
horts, Before and After

Studies (BAS) with/without
controls, Case Control
Studies (C-CS) - define

whether population or hospital
based case control study.

Study Identification Include author, title, reference | Attal 2006
and year of publication
(if available) and the study
timeframe.

How is the study type de- | Randomized Controlled Trials | RCT

What interventions are
considered and how are
they implemented?

Intensive therapy aimed at main-
taining the duration of response
and prolongation of survival after
high dose therapy.

What outcomes are con-
sidered?

ie benefits and harms.

Benefits: Event free survival, over-
all survival and survival without
skeletal related event.
Harms: Peripheral neuropathy,
fatigue, constipation, neutropenia,
cardiac, thrombosis, thrombocyto-
penia, anemia, infection, mood
change, renal, osteonecrosis of the
jaw, nausea.

What factors other than the
intervention could affect
the outcome?

Include potential confounding
factors, differences in

baseline characteristics be-
tween intervention and

control groups.

Deletion of chromosome 13, re-
sponse rate at time of randomiza-
tion.

What are the characteris-
tics of the population and
study setting?

Population characteristics eg
age, sex, disease
characteristics of the popula-
tion, disease prevalence.
Study Setting eg rural, urban,
hospital inpatient or outpatient,
general practice, community.

Patients less than 65 years without
or with only one adverse prognos-
tic factor (beta-2 microglobulin > 3
mg/l and deletion of chromosome
13 by FISH analysis) were en-
rolled. The criteria for exclusion
were prior treatment for myeloma,
another malignancy, abnormal
cardiac function (systolic ejection
fraction < 50%), chronic respiratory
disease (vital capacity or carbon
monoxide diffusion < 50% of nor-
mal), abnormal liver function (se-
rum bilirubin > 35 pmol per liter or
ALAT, ASAT

> four times normal), psychiatric
disease.

How many groups/sites in
the study?

Multicenter (74 centers) study.
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Table A1.2. The Evaluation Criteria for Attal 2006.

EVALUATION CRITERIA FOR THE | COMMENTS CODE OPTIONS
STUDY a, bl, b2, c,?,n/a
What is the study type? RCT

RCT | N- Cohort | BAS C-
RCS CS

Are study participants well-defined n/a
in terms of time, place and person?

N- Cohort | BAS C-
RCS CS

Is the method of allocation to inter- a
vention and control groups/sites
independent of the decision to enter
the individual or group in the study
(adeqguate allocation concealment)?

RCT | | | |

What percentage (%) of individuals n/a
or clusters refused to participate?

N- Cohort | BAS C-
RCS CS

Are individuals within | No. c
groups/clusters blind to which in-
tervention group they belong AND
are those delivering the intervention
(health professional’s careers) blind
to the intervention group?

RCT | N-
RCS
Is exposure to interventions meas- n/a

ured in a standard, valid and reli-
able way (avoidance of recall bias)?

| | | | c-Cs

Is exposure to interventions meas- n/a
ured in the same way for both case
and control groups? (NB: Objective
measures would meet these crite-
ria).

| | | | c-Cs

Are outcomes measured in a stan- a
dard, valid and reliable way?

RCT | N- Cohort | BAS | C-CS
RCS
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Table A1.3. The Study Evaluation Criteria for Attal 2006.

EVALUATION CRITERIA FOR THE STUDY

COMMENTS

CODE OPTIONS
a, bl, b2, c,?, n/a

Are outcomes measured in the same way
for both intervention and control groups?
(NB: Blinding or objective measures
would meet these criteria).

RCT | N-RCS | Cohort BAS C-

CS

Yes.

a

Are factors other than the intervention eg
confounding factors, comparable be-
tween intervention and control groups
and if not comparable, are they adjusted
for in the analysis?

RCT | N-RCS | Cohort BAS | C-

CS

Yes.

What percentage (%) of individuals or
clusters recruited into the study is not
included in the analysis? (Loss to follow

up).

RCT |[N-RCS |[Cohort [BAS |c-cs

Is the analysis by intention to intervene
(treat)?

RCT |N-RCS | | BAS |

Criterion not described
adequately to classify
as a, b1,b2orc.

Are results homogeneous between sites?
(Multicenter/multisite studies only).

RCT |N RCS |cohort |BAS |cC-Cs

Yes.

OVERALL ASSESSMENT OF THE STUDY

COMMENTS

CODE OPTIONS
A,B1,B2,C

How well (code A, B1, B2, C - see Table 3)
was the study done to minimize bias? If
coded as B1, B2 or C, what is the likely
direction in which bias might affect the
study results?

Some evaluation criteria
from the checklist are
fulfilled. Where evalua-
tion criteria are not ful-
filed or are not ade-
quately described, the
conclusions of the study
or review are thought
unlikely to alter.

B1

Is the overall effect of the study due to the
study intervention?

Yes

If the study type is not an RCT, explain if
there is any practical or ethical reason
why an RCT cannot be done.

Not applicable.

Include other comments concerning ar-
eas for further research, applicability of
evidence to target population, importance
of study to policy development.

A skeletal event was
defined as a bone le-
sion requiring a specific
therapy (chemotherapy,
irradiation or surgery).
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Table A2.1. Descriptive information about the Belch 1991 study.

Study identification

Include author, title, reference
and year of publication

(if available) and the study time-
frame.

Belch 1991

How is the study type de-
scribed?

Randomized Controlled Tri-
als (RCT), Non-Randomized
Control Trials (N-RCS), Co-
horts, Before and After Stud-
ies (BAS) with/without con-
trols, Case Control Studies
(C-CS) - define whether
population or hospital based
case control study.

RCT

What interventions are
considered and how are
they implemented?

Etidronate capsules (20
mg/kg x 28 days, then 5
mg/kg) until death or discon-
tinuation;

placebo: identical

What outcomes are con-
sidered?

ie benefits and harms.

patient height
vertebral index;
pathological fractures
overall survival;

pain

hypercalcemia

What factors other than
the intervention could af-
fect the outcome?

Include potential confound-
ing factors, differences in
baseline characteristics be-
tween intervention and con-
trol groups.

Baseline characteristics in-
cluded age, sex, perform-

ance status, bone lesions,

hypercalcemia.

What are the characteris-
tics of the population and
study setting?

Population characteristics eg
age, sex, disease character-
istics of the population, dis-
ease prevalence.

Study Setting eg rural, ur-
ban, hospital inpatient or
outpatient, general practice,
community.

166 eligible multiple mye-
loma patients with a majority
of males, over 60 years in
age. The median follow-up
time was 3.7 years with a
minimum of 1.5 years..

How many groups/sites in
the study?

Multicenter.
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Table A2.2. The Study Evaluation Criteria for Belch 1991 study.

EVALUATION CRITERIA FOR THE | COMMENTS CODE OPTIONS
STUDY a, bl , b2 ¢, ?, n/a
What is the study type? RCT
RCT | N- Cohort BAS | C-

RCS CS
Are study participants well-defined in n/a

terms of time, place and person?

N- Cohort BAS | C-
RCS CS

Is the method of allocation to inter- | Yes. a
vention and control groups/sites in-
dependent of the decision to enter
the individual or group in the study
(adeguate allocation concealment)?

RCT | | ||

What percentage (%) of individuals n/a
or clusters refused to participate?

N- Cohort BAS [ C-CS
RCS

Are individuals within a
groups/clusters blind to which inter-
vention group they belong AND are
those delivering the intervention
(health professionals carers) blind to
the intervention group?

RCT | N-
RCS
Is exposure to interventions meas- n/a

ured in a standard, valid and reliable
way (avoidance of recall bias)?

| | Jccs

Is exposure to interventions meas- n/a
ured in the same way for both case
and control groups? (NB: Objective
measures would meet this criteria).

L | |ccs
Are outcomes measured in a stan- a
dard, valid and reliable way?
RCT | N- Cohort | BAS | C-CS

RCS
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Table A2.3. The Study Evaluation Criteria Belch 1991 study.

EVALUATION CRITERIA FOR THE
STUDY

COMMENTS

CODE OPTIONS
a, bl, b2, c,?, nla

Are outcomes measured in the same
way for both intervention and control
groups? (NB: Blinding or objective
measures would meet these criteria).

RCT | N-RCS | Cohort BAS | C-
CS

Yes.

a

Are factors other than the intervention
eg confounding factors, comparable
between intervention and control
groups and if not comparable, are they
adjusted for in the analysis?

RCT | N-RCS | Cohort BAS | C-
CS

Yes.

What percentage (%) of individuals or
clusters recruited into the study is not
included in the analysis? (Loss to fol-
low up).

RCT |N-RCS [ Cohort [BAS [C-CS

6.12% (6) of etidronate
group (98 patients)
and 5.13% (4) of pla-
cebo group (74 pa-
tients)

Is the analysis by intention to intervene
(treat)?

RCT |N-RCS | [BAS |

Yes.

Are results homogeneous between
sites? (Multicenter/multisite studies

only).

RCT |N_RCS | Cohort | BAS | C-CS

Yes.

OVERALL ASSESSMENT OF THE
STUDY

COMMENTS

CODE OPTIONS
A,B1, B2 C

How well (code A, B1, B2, C - see Table
3) was the study done to minimize
bias? If coded as B1, B2 or C, what is
the likely direction in which bias might
affect the study results?

All or most evaluation
criteria from the check-
list are fulfilled. Where
evaluation criteria are
not fulfilled, the con-
clusions of the study or
review are thought
very unlikely to alter.

A

Is the overall effect of the study due to
the study intervention?

Yes.

If the study type is not an RCT, explain
if there is any practical or ethical rea-
son why an RCT cannot be done.

Not applicable.

Include other comments concerning
areas for further research, applicability
of evidence to target population, impor-
tance of study to policy development.

SRE=pathologic frac-
tures.
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Table A3.1. Descriptive information about the Berenson 1998 study.

Study Identification

Include author, title,
reference and year of
publication

(if available) and the
study timeframe.

Berenson 1996, 1998

How is the study type de-
scribed?

Randomized Controlled
Trials (RCT), Non Random-
ized Control Trials (N-
RCS), Cohorts, Before and
After Studies (BAS)
with/without controls, Case
Control Studies (C-CS) -
define whether population
or hospital based case con-
trol study.

RCT

What interventions are
considered and how are
they implemented?

Bisphosphonate therapy aimed
at reduction of skeletal events
in multiple myeloma patients.

What outcomes are con-
sidered?

ie benefits and harms.

SRE (total);

vertebral fractures; non verte-
bral fractures;

survival;

hypercalcemia;

pain;

Quality of life

adverse events

What factors other than
the intervention could af-
fect the outcome?

Include potential confound-
ing factors, differences in
baseline characteristics be-
tween intervention and
control groups.

Assessments like physical ex-
amination, the evaluation of
bone pain, scores for Eastern
Oncology Group (ECOG) per-
formance status and scores
scores for quality of life.

What are the characteris-
tics of the population and
study setting?

Population characteristics
eg age, sex, disease
characteristics of the popu-
lation, disease prevalence.
Study Setting eg rural, ur-
ban, hospital inpatient or
outpatient, general practice,
community.

A total of 392 patients were en-
rolled (203 patients received
pamidronate and 189 received
placebo. Data of 196 patients
receiving pamidronate and 181
receiving placebo were evalu-
ated .Adult patients with Durie-
Salmon stage multiple myeloma
with an estimated life expec-
tancy of at least nine months

How many groups/sites in
the study?

Multicenter (88 centers in USA,
Canada, Australia and New
Zealand) study.
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Table A3.2. The Evaluation Criteria for Berenson 1998 study.

EVALUATION CRITERIA FOR THE | COMMENTS CODE OPTIONS
STUDY a, bl, b2,c,?,nla
What is the study type? RCT
RCT | N- Cohort BAS | C-

RCS CS
Are study participants well-defined n/a

in terms of time, place and person?

N- Cohort BAS | C-
RCS CS

Is the method of allocation to inter- a
vention and control groups/sites
independent of the decision to en-
ter the individual or group in the
study (adequate allocation con-
cealment)?

RCT | | | |

What percentage (%) of individuals n/a
or clusters refused to participate?

N- Cohort | BAS | C-
RCS CS

Are individuals within | Yes a
groups/clusters blind to which in-
tervention group they belong AND
are those delivering the interven-
tion (health professional’s careers)
blind to the intervention group?

RCT | N-
RCS
Is exposure to interventions meas- n/a

ured in a standard, valid and reli-
able way (avoidance of recall bias)?

| | | | c-Cs

Is exposure to interventions meas- n/a
ured in the same way for both case
and control groups? (NB: Objective
measures would meet these crite-
ria).

| | | | cCs

Are outcomes measured in a stan- a
dard, valid and reliable way?

RCT | N- Cohort | BAS | C-CS
RCS
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Table A3.3. The Study Evaluation Criteria for Berenson 1998 study.

EVALUATION CRITERIA FOR THE | COMMENTS CODE OPTIONS
STUDY a, bl b2 c,?, n/a
Are outcomes measured in the same | Yes. a
way for both intervention and control
groups? (NB: Blinding or objective
measures would meet these criteria).
RCT | N-RCS | Cohort BAS | C-
CS

Are factors other than the interven- | Yes. a
tion eg confounding factors, compa-
rable between intervention and con-
trol groups and if not comparable, are
they adjusted for in the analysis?
RCT | N-RCS | Cohort BAS | C-

CS
What percentage (%) of individuals or | Loss to follow up 61%
clusters recruited into the study is | with pamidronate vs
not included in the analysis? (Loss to | 58% with placebo.
follow up).
RCT | N-RCS | Cohort | BAS | C-

CS
Is the analysis by intention to inter- | Criterion not de-|?
vene (treat)? scribed adequately to
RCT | N-RCS BAS classify as a, b1, b2

or C.

Are results homogeneous between | Yes. a
sites? (Multicentre/multisite studies
only).
RCT | N _RCS | Cohort | BAS | C-CS
OVERALL ASSESSMENT OF THE | COMMENTS CODE OPTIONS

STUDY

A,B1,B2,C

How well (code A, B1, B2, C - see Ta-
ble 3) was the study done to minimize
bias? If coded as B1, B2 or C, what is
the likely direction in which bias
might affect the study results?

All or most evaluation
criteria from the
checklist are fulfilled.
Where evaluation cri-
teria are not fulfilled,
the conclusions of the
study or review are
thought very unlikely
to alter

A

Is the overall effect of the study due
to the study intervention?

Yes

If the study type is not an RCT, ex-
plain if there is any practical or ethi-
cal reason why an RCT cannot be
done.

Not applicable.

Include other comments concerning
areas for further research, applicabil-
ity of evidence to target population,
importance of study to policy devel-
opment.

SRE(total)=any
pathologic fracture.
Total number  of
deads reported in
Berenson 1996
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Table A4.1. Descriptive information about the Brincker 1998 study.

Study Identification

Include author, title, refer-
ence and year of publication
(if available) and the study
timeframe.

Abildgaard 1998;
Brincker 1998

How is the study type de-
scribed?

Randomized Controlled Tri-
als (RCT), Non-Randomized
Control Trials (N-RCS), Co-
horts, Before and After Stud-
ies (BAS) with/without con-
trols, Case Control Studies
(C-CS) - define whether
population or hospital based
case control study.

RCT

What interventions are
considered and how are
they implemented?

Pamidronate 75 mg capsules
po bid;

identical placebo;

duration at least 2 years

Oral bisphosphonate therapy
aimed at prevention of
skeletal-related morbidity in
newly diagnosed multiple
myeloma patients.

What outcomes are con-
sidered?

ie benefits and harms.

SRE (total);

pain;

hypercalcemia

survival

significant gastrointestinal
events

What factors other than
the intervention could af-
fect the outcome?

Include potential confound-
ing factors, differences in
baseline characteristics be-
tween intervention and
control groups.

Non. The two groups charac-
teristics were well balanced
without any significant differ-
ences.

What are the characteris-
tics of the population and
study setting?

Population characteristics eg
age, sex, disease
characteristics of the popula-
tion, disease prevalence.
Study Setting eg rural, ur-
ban, hospital inpatient or
outpatient, general practice,
community.

304;
152;

Total enrolled:
Bisphos. analyzed:
Placebo: analyzed: 148.
Median age of patients was
69

How many groups/sites in
the study?

Multicenter(21 centers in
Denmark and Sweden).
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Table A4.2. The Study Evaluation Criteria for Brincker 1998 study.

EVALUATION CRITERIA FOR THE | COMMENTS CODE OPTIONS
STUDY a, bl b2 ¢, ?, n/a
What is the study type? RCT
RCT | N- Cohort BAS | C-

RCS CS
Are study participants well-defined in n/a

terms of time, place and person?

N- Cohort BAS | C-
RCS CS

Is the method of allocation to inter- | Yes. a
vention and control groups/sites
independent of the decision to enter
the individual or group in the

study (adequate allocation conceal-
ment)?

RCT | | | |

What percentage (%) of individuals n/a
or clusters refused to participate?

N- Cohort | BAS | C-CS
RCS

Are individuals within | Yes. a
groups/clusters blind to which inter-
vention group they belong AND are
those delivering the intervention
(health professionals careers) blind
to the intervention group?

RCT | N-
RCS
Is exposure to interventions meas- n/a

ured in a standard, valid and reliable
way (avoidance of recall bias)?

| | | | c-Cs

Is exposure to interventions meas- n/a
ured in the same way for both case
and control groups? (NB: Objective
measures would meet these criteria).

| | | | ccs
Are outcomes measured in a stan- a
dard, valid and reliable way?
RCT | N- Cohort | BAS | C-CS

RCS
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Table A4.3. The Study Evaluation Criteria for Brincker 1998 study.

EVALUATION CRITERIA FOR THE | COMMENTS CODE OPTIONS
STUDY a, bl b2 c,?, n/a
Are outcomes measured in the same | Yes. a
way for both intervention and control
groups? (NB: Blinding or objective
measures would meet these criteria).
RCT | N-RCS | Cohort BAS | C-

CS
Are factors other than the intervention | Yes. a
eg confounding factors, comparable
between intervention and control
groups and if not comparable, are they
adjusted for in the analysis?
RCT | N-RCS | Cohort BAS | C-

CS

What percentage (%) of individuals or | 73.03% with pamidro- | a
clusters recruited into the study is not | nate and 74.32% with
included in the analysis? (Loss to fol- | placebo.
low up).
RCT | N-RCS | Cohort |BAS | C-CS
Is the analysis by intention to intervene | Yes. a
(treat)?
RCT | N-RCS | | BAS |
Are results homogeneous between | Yes. a
sites? (Multicenter/multisite studies
only).
RCT | N RCS | Cohort [ BAS |C-CS
OVERALL ASSESSMENT OF THE | COMMENTS CODE OPTIONS
STUDY A,B1,B2,C
How well (code A, B1, B2, C - see Table | All or most evaluation | A

3) was the study done to minimize
bias? If coded as B1, B2 or C, what is
the likely direction in which bias might
affect the study results?

criteria from the check-
list are fulfilled. Where
evaluation criteria are
not fulfilled, the con-
clusions of the study or
review are thought
very unlikely to alter.

Is the overall effect of the study due to
the study intervention?

Yes.

If the study type is not an RCT, explain
if there is any practical or ethical rea-
son why an RCT cannot be done.

Not applicable.

Include other comments concerning
areas for further research, applicability
of evidence to target population, impor-
tance of study to policy development.

It is a negative study
and does not recom-
mend oral pamidro-
nate.
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Table A5.1. Descriptive information about the Heim 1995 study.

Study Identification

Include author, title, refer-

Clemens 1993;

ence and year of publica- | Heim 1995
tion (if available) and the
study timeframe.
How is the study type de- | Randomised Controlled | RCT
scribed? Trials (RCT), Non- | Not double-blind,

Randomised Control Trials
(N-RCS), Cohorts, Before
and After Studies (BAS)
with/without controls, Case
Control Studies (C-CS) -
define whether population
or hospital based case con-
trol study.

Not placebo-controlled;

What interventions are
considered and how are
they implemented?

Clodronate 1600 mg/d po.;
control: no treatment;
duration 12 months

What outcomes are con-
sidered?

ie benefits and harms.

SRE (total);
pain;

calcium;
adverse events

What factors other than
the intervention could af-
fect the outcome?

Include potential confound-
ing factors, differences in
baseline characteristics be-
tween intervention and
control groups.

The distribution of drop outs.

What are the characteris-
tics of the population and
study setting?

Population characteristics
eg age, sex, disease
characteristics of the popu-
lation, disease prevalence.
Study Setting eg rural, ur-
ban, hospital inpatient or
outpatient, general practice,
community.

Total: 170; 13 withdrawn after
Rx. premature termination in
add. 75;

Bisphos.: analyzed 39;
Placebo analyzed: 32

How many groups/sites in
the study?

Multicenter study.
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Table A5.2. The Evaluation Criteria for Heim 1995 study.

EVALUATION CRITERIA FOR THE | COMMENTS CODE OPTIONS
STUDY a, bl , b2 c,?, n/a
What is the study type? RCT
RCT | N- Cohort BAS | C-

RCS CS
Are study participants well-defined n/a

in terms of time, place and person?

N- Cohort BAS | C-
RCS CS

Is the method of allocation to inter- | No. c
vention and control groups/sites
independent of the decision to en-
ter the individual or group in the
study (adequate allocation con-
cealment)?

RCT | | | |

What percentage (%) of individuals n/a
or clusters refused to participate?

N- Cohort BAS | C-
RCS CS

Are individuals within | No. c
groups/clusters blind to which in-
tervention group they belong AND
are those delivering the interven-
tion (health professional’s careers)
blind to the intervention group?

RCT | N-
RCS
Is exposure to interventions meas- n/a

ured in a standard, valid and reli-
able way (avoidance of recall bias)?

| | | | c-Ccs

Is exposure to interventions meas- n/a
ured in the same way for both case
and control groups? (NB: Objective
measures would meet this criteria).

| | | | c-Ccs

Are outcomes measured in a stan- | . a
dard, valid and reliable way?

RCT | N- Cohort | BAS | C-CS
RCS
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Table A5.3. The Study Evaluation Criteria for Heim 1995 study.

EVALUATION CRITERIA FOR THE
STUDY

COMMENTS

CODE OPTIONS
a, bl, b2, c,?,nla

Are outcomes measured in the same
way for both intervention and control
groups? (NB: Blinding or objective
measures would meet these criteria).

RCT | N-RCS | Cohort BAS | C-
CS

c

Are factors other than the interven-
tion eg confounding factors, compa-
rable between intervention and con-
trol groups and if not comparable, are
they adjusted for in the analysis?

RCT | N-RCS | Cohort BAS | C-

CS

What percentage (%) of individuals or
clusters recruited into the study is
not included in the analysis? (Loss to
follow up).

RCT | N-RCS | Cohort | BAS | C-

CS

51.76%

Is the analysis by intention to inter-
vene (treat)?

RCT |N-RCS | [BAS |

No.

Are results homogeneous between
sites? (Multicenter/multisite studies

only).

RCT | N _RCS [ Cohort | BAS | C-CS

Criterion not de-
scribed adequately to
classify as a, b1, b2
orc

OVERALL ASSESSMENT OF THE
STUDY

COMMENTS

CODE OPTIONS
A,B1,B2,C

How well (code A, B1, B2, C - see Ta-
ble 3) was the study done to minimize
bias? If coded as B1, B2 or C, what is
the likely direction in which bias
might affect the study results?

Some evaluation cri-
teria from the check-
list are fulfilled. Where
evaluation criteria are
not fulfilled or are not
adequately described,
the conclusions of the
study or review are
thought likely to alter.

B2

Is the overall effect of the study due
to the study intervention?

If the study type is not an RCT, ex-
plain if there is any practical or ethi-
cal reason why an RCT cannot be
done.

Not applicable.

Other comments

SRE=bone progres-
sion. This study did
not reported on the
number of patients
with new SREs.
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Table A6.1. Descriptive information about the Kraj 2000 study.

Study Identification

Include author, title, refer-
ence and year of publica-
tion (if available) and the
study timeframe.

Kraj 2000 a,b

How is the study type de-
scribed?

Randomized Controlled
Trials (RCT), Non-
Randomized Control Trials
(N-RCS), Cohorts, Before
and After Studies (BAS)
with/without controls, Case
Control Studies (C-CS) -
define whether population
or hospital based case con-
trol study.

RCT
Not Double-blind,
Not placebo-controlled;

What interventions are
considered and how are
they implemented?

Pamidronate 60 mg iv, every 4
weeks; control: no treatment

What outcomes are con-
sidered?

ie benefits and harms.

SREs ( total)
Vertebral fractures
Survival

What factors other than
the intervention could af-
fect the outcome?

Include potential confound-
ing factors, differences in
baseline characteristics be-
tween intervention and
control groups.

?

What are the characteris-
tics of the population and
study setting?

Population characteristics
eg age, sex, disease
characteristics of the popu-
lation, disease prevalence.
Study Setting eg rural, ur-
ban, hospital inpatient or
outpatient, general practice,
community.

Bisphos. enrolled / analyzed 23;
Placebo enrolled / analyzed 23

How many groups/sites in
the study?

One.
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Table A6.2. The Evaluation Criteria for Kraj 2000 study.

EVALUATION CRITERIA FOR THE | COMMENTS CODE OPTIONS
STUDY a, bl , b2 c,?, n/a
What is the study type? RCT
RCT | N- Cohort BAS | C-

RCS CS
Are study participants well-defined n/a

in terms of time, place and person?

N- Cohort BAS | C-
RCS CS

Is the method of allocation to inter- | . ?
vention and control groups/sites
independent of the decision to en-
ter the individual or group in the
study (adequate allocation con-
cealment)?

RCT | | | |

What percentage (%) of individuals n/a
or clusters refused to participate?

N- Cohort BAS | C-
RCS CS

Are individuals within | No. c
groups/clusters blind to which in-
tervention group they belong AND
are those delivering the interven-
tion (health professional’s careers)
blind to the intervention group?

RCT | N-
RCS
Is exposure to interventions meas- n/a

ured in a standard, valid and reli-
able way (avoidance of recall bias)?

| | | | c-Ccs

Is exposure to interventions meas- n/a
ured in the same way for both case
and control groups? (NB: Objective
measures would meet this criteria).

| | | | c-Ccs

Are outcomes measured in a stan- | . ?
dard, valid and reliable way?

RCT | N- Cohort | BAS | C-CS
RCS
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Table A6.3. The Study Evaluation Criteria for Kraj 2000 study.

EVALUATION CRITERIA FOR THE | COMMENTS CODE OPTIONS
STUDY a, bl b2 c,?, n/a
Are outcomes measured in the same | Yes. a
way for both intervention and control
groups? (NB: Blinding or objective
measures would meet these criteria).
RCT | N-RCS | Cohort BAS | C-
CS

Are factors other than the interven- | Criterion not de-|?
tion eg confounding factors, scribed adequately to
comparable between intervention and | classify as a, b1, b2
control groups and if not comparable, | orc
are they adjusted for in the analysis?
RCT | N-RCS | Cohort BAS | C-

CS
What percentage (%) of individuals or | O
clusters recruited into the study is
not included in the analysis? (Loss to
follow up).
RCT | N-RCS | Cohort | BAS | C-

CS
Is the analysis by intention to inter- | Criterion not de-|?
vene (treat)? scribed adequately to
RCT | N-RCS BAS classify as a, b1, b2

orc.

Are results homogeneous between n/a

sites? (Multicenter/multisite studies
only).

RCT |N_RCS [ Cohort | BAS | C-CS

OVERALL ASSESSMENT OF THE
STUDY

COMMENTS

CODE OPTIONS
A,B1,B2,C

How well (code A, B1, B2, C - see Ta-
ble 3) was the study done to minimize
bias? If coded as B1, B2 or C, what is
the likely direction in which bias
might affect the study results?

Some evaluation cri-
teria from the check-
list are fulfilled. Where
evaluation criteria are
not fulfilled or are not
adequately described,
the conclusions of the
study or review are
thought likely to alter.

B2

Is the overall effect of the study due
to the study intervention?

Yes

If the study type is not an RCT, ex-
plain if there is any practical or ethi-
cal reason why an RCT cannot be
done.

Not applicable.

Include other comments concerning
areas for further research, applicabil-
ity of evidence to target population,
importance of study to policy devel-
opment.
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Table A7.1. Descriptive information about the Lahtinen 1992 study.

Study Identification

Include author, title, refer-
ence and year of publica-
tion

(if available) and the study
timeframe.

Lahtinen 1992.

How is the study type de-
scribed?

Randomized Controlled
Trials (RCT), Non-
Randomized Control Trials
(N-RCS), Cohorts, Before
and After Studies (BAS)
with/without controls, Case
Control Studies (C-CS) -
define whether population
or hospital based case con-
trol study.

RCT
Double-blind,
placebo-controlled;;

What interventions are
considered and how are
they implemented?

Clodronate 400 mg capsules po
tid;

identical placebo;

duration 24 months.

What outcomes are con-
sidered?

ie benefits and harms.

bone lesions,

vertebral fractures;

non vertebral fractures;
Total mortality;

calcium

pain

side-effects

What factors other than
the intervention could af-
fect the outcome?

Include potential confound-
ing factors, differences in
baseline characteristics be-
tween intervention and
control groups.

Patients treated with clodro-
nate were younger.

What are the characteris-
tics of the population and
study setting?

Population characteristics
eg age, sex, disease
characteristics of the popu-
lation, disease prevalence.
Study Setting eg rural, ur-
ban, hospital inpatient or
outpatient, general practice,
community.

Bisphos. enrolled / analyzed
168;
Placebo enrolled / analyzed
168

How many groups/sites in
the study?

Twenty-tree hospitals in Fin-
land.
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Table A7.2. The Evaluation Criteria for Lahtinen 1992 study.

EVALUATION CRITERIA FOR THE | COMMENTS CODE OPTIONS
STUDY a, bl , b2 c,?, n/a
What is the study type? RCT
RCT | N- Cohort BAS | C-

RCS CS
Are study participants well-defined n/a

in terms of time, place and person?

N- Cohort BAS | C-
RCS CS

Is the method of allocation to inter- | Yes. a
vention and control groups/sites
independent of the decision to en-
ter the individual or group in the
study (adequate allocation con-
cealment)?

RCT | | | |

What percentage (%) of individuals n/a
or clusters refused to participate?

N- Cohort BAS | C-
RCS CS

Are individuals within | Yes. a
groups/clusters blind to which in-
tervention group they belong AND
are those delivering the interven-
tion (health professional’s careers)
blind to the intervention group?

RCT | N-
RCS
Is exposure to interventions meas- n/a

ured in a standard, valid and reli-
able way (avoidance of recall bias)?

| | | | c-Ccs

Is exposure to interventions meas- n/a
ured in the same way for both case
and control groups? (NB: Objective
measures would meet these crite-
ria).

| | | | c-Cs

Are outcomes measured in a stan- | Yes. a
dard, valid and reliable way?

RCT | N- Cohort | BAS | C-CS
RCS
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Table A7.3. The Study Evaluation Criteria for Lahtinen 1992 study.

EVALUATION CRITERIA FOR THE | COMMENTS CODE OPTIONS
STUDY a, bl, b2,c,?, nla
Are outcomes measured in the same | Yes. a

way for both intervention and control
groups? (NB: Blinding or objective
measures would meet these criteria).

RCT | N-RCS | Cohort BAS | C-
CS

Are factors other than the interven- | Criterion mostly ful- | b1
tion eg confounding factors, filled except the
comparable between intervention and | younger age of the
control groups and if not comparable, | patients in the clodro-
are they adjusted for in the analysis? | nate group.
RCT | N-RCS | Cohort BAS | C-

CS
What percentage (%) of individuals or | 12.5 % of the clodro-
clusters recruited into the study is not | nate group and
included in the analysis? (Loss to fol- | 15.48% of the pla-
low up). cebo group.
RCT | N-RCS | Cohort | BAS | C-

CS
Is the analysis by intention to inter- | Yes. a
vene (treat)?
RCT [ N-RCS | | BAS |
Are results homogeneous between | Yes. a
sites? (Multicenter/multisite studies
only).
RCT | N _RCS | Cohort | BAS |[C-CS
OVERALL ASSESSMENT OF THE | COMMENTS CODE OPTIONS
STUDY A ,B1,B2,C
How well (code A, B1, B2, C - see Ta- A
ble 3) was the study done to minimize
bias? If coded as B1, B2 or C, what is
the likely direction in which bias
might affect the study results?
All or most evaluation criteria from | Yes

the checklist are fulfilled. Where
evaluation criteria are not fulfilled, the
conclusions of the study or review
are thought very unlikely to alter.

If the study type is not an RCT, ex-
plain if there is any practical or ethical
reason why an RCT cannot be done.

Not applicable.

Include other comments concerning
areas for further research, applicabil-
ity of evidence to target population,
importance of study to policy devel-
opment.

SRE= Progression of
osteolytic lesions or
vertebral fractures or
non-vertebral frac-
tures.
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Table A8.1. Descriptive information about the McCloskey 2001 study.

Study Identification

Include author, title, refer-
ence and year of publica-
tion

(if available) and the study
timeframe.

McCloskey1998, 2001

How is the study type de-
scribed?

Randomized Controlled
Trials (RCT), Non-
Randomized Control Trials
(N-RCS), Cohorts, Before
and After Studies (BAS)
with/without controls, Case
Control Studies (C-CS) -
define whether population
or hospital based case con-
trol study.

RCT
Double-blind,
placebo-controlled

What interventions are
considered and how are
they implemented?

Clodronate 400 mg capsules po
qid;

identical placebo;

duration 24 months.

What outcomes are con-
sidered?

ie benefits and harms.

SRE (total);

total fractures;
vertebral fractures;
non-vertebral fracture;
pain;
calcium

*k%k

What factors other than
the intervention could af-
fect the outcome?

Include potential confound-
ing factors, differences in
baseline characteristics be-
tween intervention and
control groups.

An advantage in survival was
shown in a subgroup analysis.

What are the characteris-
tics of the population and
study setting?

Population characteristics
eg age, sex, disease
characteristics of the popu-
lation, disease prevalence.
Study Setting eg rural, ur-
ban, hospital inpatient or
outpatient, general practice,
community.

Bisphos. enrolled / analyzed
264;
Placebo enrolled / analyzed
272

How many groups/sites in
the study?

Multicenter study (85 centers)
in the U.K.
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Table A8.2. The Evaluation Criteria for McCloskey 2001study.

EVALUATION CRITERIA FOR THE | COMMENTS CODE OPTIONS
STUDY a, bl , b2 c,?, n/a
What is the study type? RCT
RCT | N- Cohort BAS | C-

RCS CS
Are study participants well-defined n/a

in terms of time, place and person?

N- Cohort BAS | C-
RCS CS

Is the method of allocation to inter- | Yes. a
vention and control groups/sites
independent of the decision to en-
ter the individual or group in the
study (adequate allocation con-
cealment)?

RCT | | | |

What percentage (%) of individuals ?
or clusters refused to participate?

N- Cohort BAS | C-
RCS CS

Are individuals within | Yes. a
groups/clusters blind to which in-
tervention group they belong AND
are those delivering the interven-
tion (health professionals carers)
blind to the intervention group?

RCT | N-
RCS
Is exposure to interventions meas- n/a

ured in a standard, valid and reli-
able way (avoidance of recall bias)?

| | | | c-Ccs

Is exposure to interventions meas- n/a
ured in the same way for both
caseand control groups? (NB: Ob-
jective measures would meet this
criteria).

| | | | c-Cs

Are outcomes measured in a stan- | Yes a
dard, valid and reliable way?

RCT | N- Cohort | BAS | C-CS
RCS
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Table A8.3. The Study Evaluation Criteria for McCloskey 2001 study.

EVALUATION CRITERIA FOR THE
STUDY

COMMENTS

CODE OPTIONS
a, bl, b2, c,?,nla

Are outcomes measured in the same
way for both intervention and control
groups? (NB: Blinding or objective
measures would meet these criteria).

RCT | N-RCS | Cohort BAS | C-
CS

Yes.

a

Are factors other than the interven-
tion eg confounding factors, compa-
rable between intervention and con-
trol groups and if not comparable, are
they adjusted for in the analysis?

RCT | N-RCS | Cohort BAS | C-

CS

What percentage (%) of individuals or
clusters recruited into the study is
not included in the analysis? (Loss to
follow up).

RCT | N-RCS | Cohort | BAS | C-

CS

17.80% with clodro-
nate and 13.60% with
placebo.

Is the analysis by intention to inter-
vene (treat)?

RCT |N-RCS | [BAS |

Yes.

Are results homogeneous between
sites? (Multicenter/multisite studies

only).

RCT | N _RCS [ Cohort | BAS | C-CS

Yes.

OVERALL ASSESSMENT OF THE
STUDY

COMMENTS

CODE OPTIONS
A,B1,B2,C

How well (code A, B1, B2, C - see Ta-
ble 3) was the study done to minimize
bias? If coded as B1, B2 or C, what is
the likely direction in which bias
might affect the study results?

All or most evaluation
criteria from the
checklist are fulfilled.
Where evaluation cri-
teria are not fulfilled,
the conclusions of the
study or review are
thought very unlikely
to alter.

Yes.

Is the overall effect of the study due
to the study intervention?

Yes

If the study type is not an RCT, ex-
plain if there is any practical or ethi-
cal reason why an RCT cannot be
done.

Not applicable.

Include other comments concerning
areas for further research, applicabil-
ity of evidence to target population,
importance of study to policy devel-
opment.
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Table A9.1. Descriptive information about the Menssen 2002 study.

Study Identification

Include author, title, refer-
ence and year of publica-
tion

(if available) and the study
timeframe.

Menssen 2002

How is the study type de-
scribed?

Randomized Controlled
Trials (RCT), Non-
Randomized Control Trials
(N-RCS), Cohorts, Before
and After Studies (BAS)
with/without controls, Case
Control Studies (C-CS) -
define whether population
or hospital based case con-
trol study.

RCT

What interventions are
considered and how are
they implemented?

Ibandronate 2 mg IV every
month identical placebo, dura-
tion 24 months.

The therapy aimed at prolon-
gation of multiple myeloma pa-
tient survival and prevention of
skeletal related events.

What outcomes are con-
sidered?

ie benefits and harms.

SREs total,
median survival time,
side-effects total.

What factors other than
the intervention could af-
fect the outcome?

Include potential confound-
ing factors, differences in

baseline characteristics be-
tween intervention and con-

An advantage in survival was
shown in a subgroup analysis.

trol groups.
What are the characteris- | Population characteristics | Bisphos.
tics of the population and | eg age, sex, disease enrolled 107
study setting? characteristics of the popu- | analyzed 99;
lation, disease prevalence. | Placebo:
Study Setting eg rural, ur- | enrolled: 107
ban, hospital inpatient or analyzed: 99

outpatient, general practice,
community.

The patients with stag Il and Il
multiple myeloma were en-
rolled.

How many groups/sites in
the study?

Multicenter study.
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APPENDIX

Table A9.2. The Evaluation Criteria for Menssen 2002 study.

EVALUATION CRITERIA FOR THE | COMMENTS CODE OPTIONS
STUDY a, bl , b2 c,?, n/a
What is the study type? RCT
RCT | N- Cohort BAS | C-

RCS CS
Are study participants well-defined n/a

in terms of time, place and person?

N- Cohort BAS | C-
RCS CS

Is the method of allocation to inter- | Yes. a
vention and control groups/sites
independent of the decision to en-
ter the individual or group in the
study (adequate allocation con-
cealment)?

RCT | | | |

What percentage (%) of individuals n/a
or clusters refused to participate?

N- Cohort BAS | C-
RCS CS

Are individuals within | Yes. a
groups/clusters blind to which in-
tervention group they belong AND
are those delivering the interven-
tion (health professional’s careers)
blind to the intervention group?

RCT | N-
RCS
Is exposure to interventions meas- n/a

ured in a standard, valid and reli-
able way (avoidance of recall bias)?

| | | | c-Ccs

Is exposure to interventions meas- n/a
ured in the same way for both case
and control groups? (NB: Objective
measures would meet this criteria).

| | | | c-Ccs

Are outcomes measured in a stan- | Yes. a
dard, valid and reliable way?

RCT | N- Cohort | BAS | C-CS
RCS

91




APPENDIX

Table A9.3. The Study Evaluation Criteria for Menssen 2002 study.

EVALUATION CRITERIA FOR THE
STUDY

COMMENTS

CODE OPTIONS
a, bl,b2,c,?, nla

Are outcomes measured in the same
way for both intervention and control
groups? (NB: Blinding or objective
measures would meet these criteria).

RCT | N-RCS | Cohort BAS | C-
CS

Yes.

a

Are factors other than the interven-
tion eg confounding factors, compa-
rable between intervention and con-
trol groups and if not comparable, are
they adjusted for in the analysis?

RCT | N-RCS | Cohort BAS | C-
CS

Yes.

What percentage (%) of individuals or
clusters recruited into the study is
not included in the analysis? (Loss to
follow up).

RCT | N-RCS | Cohort | BAS | C-

CS

7.48 % of the each
group.

Is the analysis by intention to inter-
vene (treat)?

RCT |N-RCS | [BAS |

Are results homogeneous between
sites? (Multicenter/multisite studies

only).

RCT [N _RCS [ Cohort | BAS [ C-CS

Yes.

OVERALL ASSESSMENT OF THE
STUDY

COMMENTS

CODE OPTIONS
A,B1,B2,C

How well (code A, B1, B2, C - see Ta-
ble 3) was the study done to minimize
bias? If coded as B1, B2 or C, what is
the likely direction in which bias
might affect the study results?

All or most evaluation
criteria from the
checklist are fulfilled.
Where evaluation cri-
teria are not fulfilled,
the conclusions of the
study or review are
thought very unlikely
to alter.

A

Is the overall effect of the study due
to the study intervention?

Yes.

If the study type is not an RCT, ex-
plain if there is any practical or ethi-
cal reason why an RCT cannot be
done.

Not applicable.

Include other comments concerning
areas for further research, applicabil-
ity of evidence to target population,
importance of study to policy devel-
opment.

92




ABSTRACT - ZUSAMMENFASSUNG

ABSTRACT

This research develops in detail a systematic review of therapy evidence on
bisphosphonate effects in multiple myeloma patients. The objectives of this work are
threefold: to introduce and discuss the advantages and shortcomings of systematic
reviews, providing insights into a still not very diffused methodology in the healthcare
decision-making process, to give an up-to-date overview of multiple myeloma ther-
apy and management, focusing on bone disease management with bisphosphonates
and to develop a systematic review, by means of a meta-analysis of study data on
bisphosphonate effects in multiple myeloma patients.

The meta-analysis of mortality reduction showed a significance advantage of
the patients treated with bisphosphonates. There are, however, some reasons to be-
lieve that these results are biased due to the poor quality of the input data. This is
due partly to publication bias, since non significant results were not adequately re-
ported. Also, the findings are contradicted by empirical results of all identified ran-
domised trials. This does not invalidate the analysis, but shows the need for further
examination.

For the evaluation of a bisphosphonate effect on the reduction of skeletal re-
lated events (SRE), seven trials were included in the meta-analysis. The included
trials were not significantly heterogeneous and the meta-analysis of their results indi-
cates no benefit from bisphosphonates on the number of patients experiencing
SREs. However, the quality of life (QOL) assessment using solely surrogate end
points such SRE reduction is inappropriate by a methodological point of view and
can be misleading since such QOL outcomes are simply surrogate responses.

This thesis conducted a critical analysis on ONJ evidence and clinical rele-
vance by means of a thorough review of all descriptive studies. Finally, some con-
cerns regarding the actual standards for clinical studies and the need for higher ex-
amination standards for long-term post-marketing safety are expressed. To over-
come biases in health care decisions, efforts should be made to establish multina-
tional databases including all relevant data covering the whole domain of existing
clinical trials.

Key words: systematic review, meta-analysis, bisphosphonates, therapy manage-
ment, clodronate, pamidronate, ibandronate, tiludronate, zoledronate, skeletal re-
lated events, side-effects, osteonecrosis of the jaw, mortality
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ZUSAMMENFASSUNG

Diese Doktorarbeit beschaftigt sich mit der Bewertung des medizinischen
Wissens in Bezug auf die Therapie von Myelompatienten mit Bisphosphonaten.

Dabei wird besonderes Augenmerk auf drei Schwerpunkte gelegt. Die Vor- und
Nachteile von systematischen Ubersichtsarbeiten und Meta-Analysen werden
beschrieben und diskutiert, wodurch ein Einblick in eine noch nicht verbreitete
methodische Grundlage von Entscheidungsprozessen im Gesundheitswesen
ermoglichnt wird. Die Aktualisierung des jetzigen Kennisstandes in der
Myelomtherapie mit dem Schwerpunkt auf der Biphosphonattherapie von
Knochenerkrankungen wurde durch diese systematische Ubersichtsarbeit und die
Meta-Analysen vorgenommen.

Die Bewertung der Effektivitat von Biphosphonaten in Bezug auf Mortalitat, die
durch eine Meta-Analyse durchgefuhrt wurde, zeigt eine signifikante Reduzierung
der Mortalitat in der Patientengruppe, die mit Biphosphonaten behandelt worden
sind. Es gibt jedoch einige Grinde von einer Verzerrung des Ergebnisses
auszugehen, vor allem weil empirischen Ergebnissen widersprochen wird. Mit
Wahrscheinlichkeit handelt es sich um eine Folge mangelhafter Berichterstattung
und des Nichtveroffentlichens nicht signifikanter Ergebnisse (publication bias).
Dennoch wird die Meta-Analyse dadurch nicht ungultig, obwohl zu hinterfragen
ist, ob es sich bei diesem Ergebnis um eine therapie-rechtfertigende
GroRenordnung handelt.

Die Bewertung der Effektivitat von Biphosphonaten in Bezug auf die Senkung
von skelettalen Komplikationen basiert auf der Meta-Analyse von sieben
randomisierten Studien, die untereinander keinen signifikanten Unterschied zeigen.
Die anschlieBende Meta-Analyse zeigt keinen statistisch signifikanten Unterschied
zwischen den Therapiearmen. Allerdings basiert die Messung klinischer Endpunkte,
die Lebensqualitatsdaten (QOL) beschreiben, nur auf der Messung eines Surrogat-
Endpunktes wie der Senkung von skelettalen Komplikationen. Das ist
methodologisch nicht richtig und irrefUhrend, da dies nur zu vorlaufigen Antworten
klinischer Fragen fuhrt.

Die Evidenz und klinische Relevanz der Ostenekrose im Kiefer (ONJ) wurde
durch eine umfassende Beobachtungsstudien-Analyse im Kontext einer
systematischen Ubersichtsarbeit untersucht. SchlieRlich driickt diese Doktorarbeit
Bedenken Uber die jetzigen Anforderungen an den klinische Studien und die
Notwendikeit aus, hohere Anforderungen an die Langzeit-post-marketing-Sicherheit
der Arzneimittel zu stellen. Die Abschatzung des Nutzen-Risiko-Verhaltnisses im
Gesundheitwesen auf Basis nicht verzerrter Daten wird nur dann moglich, wenn
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multinationale Datenbanken mit relevanten Daten aus allen exsistierenden klinischen
Studien als Grundlage etalbliert werden.

SchlUsselworter: Systematische Ubersichtsarbeiten, Meta-Analyse,

Biphosphonate, Clodronat, Pamidronate, Ibandronat, Zoledronat, skelettale
Komplikationen , Nebenwirkungen, Kiefernekrose, Mortalitat.
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GLOSSARY

Definitions are quoted from Last J (ed), A Dictionary of Epidemiology (3rd edition),
Oxford University Press, Oxford 1995 and Liddle J, Williamson M, Irwig L. Method for
evaluating research and guideline evidence. NSW Health Department, Sydney, De-
cember 1996.

Adequate allocation concealment: No alternation reference to case record num-
bers, dates of birth, day of the week, or any other such approach. An allocation pro-
cedure that is entirely intransparent before assignment and there is no open lists of
random numbers or assignments.

Analysis by intention to treat: the analysis compares study and control groups
based on the original random allocation regardless of whether individuals in either
group received the intervention.

Applicability: extent to which the results of a study or review can be applied to a
population or patient group different to that in the original study or review.
Before-and-after study: study carried out before and after the introduction of an in-
tervention where a group is usually the unit of observation. Where groups or indi-
viduals in a before-and-after study are allocated to an intervention or control group,
then the study is classified as a non-randomized controlled study.

Benefit(s): an outcome of an intervention which is advantageous for an individual or
a population.

Bias: systematic errors in the design and execution of a study which may lead to an
over- or underestimation of the “true” effect of an intervention.

Blinded study: a study in which observer(s) and/or subjects are kept ignorant of the
group to which the subjects are assigned or of the population from which the sub-
jects come. When both the observer and subjects are kept ignorant, we refer to a
double-blind study. The intent of keeping subjects and/or investigators blinded, ie
unaware of knowledge that might introduce a bias, is to eliminate the effects of such
biases.

Case: a person in the population or study group identified as having the particular
disease, health disorder or condition under investigation.

Case-control study: a study that starts with the identification of persons with the
disease (or other outcome variable) of interest and a suitable control group of per-
sons without the disease. Case control studies are used to estimate relative risk.
Case-control studies are useful where the study factor (disease) is rare.

Case report: detailed report on one case usually covering the course of a disease
and the response to treatment.
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Case series: description of several cases of a given disease (usually covering the
course of a disease and the response to treatment).

Cohort study: a study in which subjects are grouped by the risk factor, and those
with and without the risk are followed to see who develops the disease and who
doesn’t. The occurrence of the outcome of interested is compared in the two groups.
The alternative terms for a cohort study ie follow-up, longitudinal and prospective
study, describe an essential feature of the method.

Confidence interval: the computed interval with a given probability e.g. 95%, that
the true value of a variable such as a mean, proportion or rate is contained within the
interval.

Confounding factor: a variable that can cause or prevent the outcome of interest, is
not an intermediate variable and is associated with the factor under investigation.
Descriptive study: a study concerned with and designed only to describe the exist-
ing distribution of variables, without regard to causal or other hypotheses. An exam-
ple is a community health survey used to determine the health status of people in a
community.

Effectiveness: measure of the extent to which a specific intervention, procedure,
regimen or service, when deployed in the field, does what it is intended to do for a
specified population.

Evaluation criteria: specific features of a study or guideline/recommendation relat-
ing to quality. Coded as a, b1, b2, ¢, ? or n/a (Table 5).

Experiment: a study in which the investigator intentionally alters one or more factors
under controlled conditions in order to study the effects of so doing.

Guideline: systematically developed statements to assist practitioner and patient
decisions about appropriate health care for specific clinical circumstances.

Harm(s): an outcome of an intervention which is disadvantageous for an individual
or population. Also referred to as risks.

Heterogeneity: occurs when the results of a set of independently performed studies
on which a meta-analysis is based, are not enough similar to make statistical pooling
valid. It is usually assessed by a Chi? test for heterogeneity.

Homogeneous: implies there is no significant heterogeneity.

Intervention: public health/health promotion policy or program or clinical treatment
regimen aimed at improving health, preventing or minimizing disease or changing
some other health related characteristic or behavior.

Meta-analysis: a technique which uses special adaptations of conventional statisti-
cal methods to combine results of the selected set of studies in order to investigate,
compare and interpret pattern of findings. This allows making the best use of all the
information gathered in the first part of the research using a systematic reviewing
process.
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Multicentre RCT: randomized controlled trial performed in several different settings,
e.g. in different hospitals over a broad geographic area.

Non-randomized controlled study: a study or clinical trial where the allocation to
the intervention or control groups has not been randomized.

Non-systematic reviews: an explicit and systematic approach has not been used to
identify evidence relating to a particular topic. An adequate literature searching pro-
cedure has not been used and dimensions of study quality of the primary studies
have not been considered.

Null Hypothesis (Ho): The null hypothesis states that the findings from the study
are the result of chance or random factors. Therefore the overall purpose of a typical
trial is to reject the null hypothesis.

Observational study: analytic methods such as case control and cohort study de-
signs are called observational studies because the investigator is observing without
intervention other than to record, classify, count and statistically analyze results.
Outcomes: all the possible results that may stem from exposure to a causal factor
or from preventive or therapeutic interventions; all identified changes in health status
arising as a consequence of the handling of a health problem.

Overall assessment: an overall rating on quality of a study, guideline or recommen-
dation using the evaluation criteria. Coded as A, B1, B2, C for study checklists (Ta-
ble 6).

Quality of evidence: degree to which bias has been prevented through the design
and conduct of research from which evidence is derived.

Randomization: a procedure is used so that study units have an equal chance of
being allocated to an intervention or control group.

Randomized controlled trial or study (RCT): an experiment in which subjects are
randomly allocated into groups, usually called "study" and "control" groups, to re-
ceive or not to receive an experimental preventive or therapeutic procedure or inter-
vention.

Recommendation: advised course of action.

Representativeness: extent to which the population or patient group in a study or
review is comparable to other populations or patient groups.

Retrospective study: any study in which the outcomes have already occurred be-
fore the study and collection of data has begun.

Case control studies are also referred to as retrospective studies.

Selection bias: error due to systematic differences in characteristics between those
who are selected for study and those who are not.

Sensitivity analysis: a method to determine the robustness of an assessment by
examining the extent to which results are affected by changes in methods, values or
variables or assumptions.
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Single centre RCT: randomized controlled trial performed in one setting eg in one
hospital.

Statistical significant result: a statistical significant result means that it is highly
unlikely that the difference found between groups could have occurred by chance
alone. In a clinical research context, it is common to interpret a result as statistically
significant if the difference between groups could have occurred by chance alone in
less than 1 time in 20 (5% of the times). This is expressed as a p value lower than
0.05 (p< 0.05).

Strategy: clinical treatment regimen or public health program (including program
aimed at preventing disease or some health-related characteristic).

Strength of Association: extent to which the intervention is associated with the
outcome(s) of interest.

Study checklist: one of five checklists used to evaluate the quality of research de-
pending on study type or study purpose.

Study group: in a randomized controlled trial, the group which receives an experi-
mental preventive or therapeutic procedure or intervention. More generally, the
group participating in a study.

Study quality: an assessment of the degree to which bias has been prevented
through the design and conduct of the study.

Study type: includes randomized controlled trial, cohort, non-randomized controlled
trial, population based case-control, hospital-based case-control, cross-sectional
analytic, ecological, descriptive. Randomized controlled trials are the study type of
highest quality.

Systematic review: a method to synthesize and analyze the results of different re-
searches on a specific topic using a careful handling of data, mostly by means of sta-
tistical tools, called meta-analysis.

Target population: population receiving an intervention or for whom an intervention
is planned.

Variability: extent to which the results of different studies differ from each other.
Variability may occur because of random error or differences in study design, study
setting, participants, interventions, exposure(s) or outcome(s) or in the way these are
measured.
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ACRONYMS AND ABBREVIATIONS

A alendronate

ABMTR Autologous Blood and Marrow Transplant Registry

AERS Adverse Event Reporting System of FDA, known as MedWatch
BPs bisphosphonates

C clodronate

CCTR Cochrane Controlled Trials Register

Chi? chi-square

CI confidence interval

CR complete remission

dDV vincristine, dexamethasone and liposomal doxorubicin
DTPACE dexamethasone, thalidomide, cisplatin

E etidronate

EBMT European Group for Blood and Bone Marrow Transplantation
EMEA The European Medicines Agency

FDA Food and Drug Administration is a regulatory agency of the United States of
America

Gl gastro-intestinal

IBMTR International Bone Marrow Transplant Registry

Ho the null hypothesis

HDT high-dose chemotherapy

HR hazard ratio

| ibandronate

ISS international staging system

IV (intravenous): Within a vein. IV is the abbreviation for "intravenous"
MeSH medical subject headings

MM multiple myeloma

MR minimal response

NCR near complete remission

NE not extractable

NHMRC Australian National Health and Medical Research Council
NNH number needed to harm

NNT number needed to treat

NR not reported

ODAC FDA'’s Oncologic Drugs Advisory Committee

o Inverse Variance Weights

ONJ osteonecrosis of jaw

OR objective remission=CR+PR
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OR odds ratio

P pamidronate

PD progressive disease

PR partial response

pts patients

QOL quality of life

R risedronate

RCT randomised controlled trial

RD risk difference

RR relative risk/risk ratio

SCT stem cell transplantation

SD stable disease

SE standard error

VAD vincristine, doxorubicin and dexamethasone
VBCMP vincristine, carmustine, cyclophosphamide, melphalan and prednisone
VGPR very good partial response

Z zoledronate
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