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ABSTRACT

Ankylosing spondylitis (AS) is a chronic, inflammatory rheumatic disease that has a
highly variable disease course. Three biologic agents, adalimumab, etanercept, and
infliximab, have been developed for the treatment of AS. We conducted three
studies: 1) an exploratory analysis of a year-long longitudinal dataset to gain insight
into the variability of disease activity, physical function, and well-being and to
explore the relationship between these outcome measures; 2) a systematic review of
the available evidence for the efficacy of biologic treatment; 3) a systematic review
of potential adverse effects of this treatment. We found that repeated measures of
disease activity, function and well-being fluctuate considerably between patients,
with complex patterns occurring over time within patients. There was mostly high
quality evidence that these biologics are efficacious against placebo. We did not find
evidence of an increase in serious adverse events or serious infections from short-

term randomized controlled trials.



EXECUTIVE SUMMARY

Ankylosing spondylitis (AS) is a chronic, inflammatory rheumatic disease
characterized by inflammatory back pain due to sacroiliitis and spondylitis,
enthesitis, and the formation of syndesmophytes leading to ankylosis. The course of
AS is highly variable, and at least one third of patients with AS will progress to
severe disabling disease. Few studies have explored the variability of disease
activity, function, or well-being of AS patients over time. Describing and
understanding this variability is of interest when determining therapeutic options for

patients.

Treatment of AS requires a multidisciplinary approach and is usually managed with
a combination of exercises, physiotherapy, and drug therapy. An exciting advance in
treatment options is the development of biologic therapies which target specific
elements of the immune system. Tumour necrosis factor (TNF)-alpha is a protein
that the body produces during the inflammatory response. TNF-alpha promotes
inflammation and subsequent pain, tenderness, swelling and fever in several
inflammatory conditions including ankylosing spondylitis. Three anti-TNF agents,
also known as TNF-inhibitors, have been developed to target the binding of this
protein, thus reducing the pain, swelling, and inflammation associated with AS. The
generic drug names are adalimumab, etanercept, and infliximab. While these
biologics offer an important therapeutic advance by appearing to reduce disease
activity and improve function and well-being of patients, it is important to
understand and try to quantify not only the potential benefits of this treatment, but
also the potential harms. Clinicians and patients need this information in order to

make an informed decision about the trade-offs of using this treatment option.

As part of this thesis, three manuscripts were prepared. The first manuscript was
based on an analysis of a longitudinal dataset of weekly measures of disease activity,
function, and well-being gathered on 42 AS patients over the course of 52 weeks.



Descriptive statistical techniques and mixed effects modeling were employed to
characterize the within- (intra) and between (inter)-patient variability of these three
outcomes over time. We also investigated the relationship between these outcomes,
assessed the effect of patient characteristics on change of these outcomes over a
period of one year, and explored how the stability of these outcomes relates to
current guidelines on the use of anti-TNF agents for AS. We found that the weekly
measures of disease activity, function and well-being fluctuate considerably between
patients, with complex patterns occurring over time within patients. Between-
individual variability explained a greater proportion of the variance. The current
guidelines for basing the use of anti-TNF agents on two assessments of disease
activity four weeks apart fits well with the natural course of disease activity found in
this cohort.

The second manuscript was based on a systematic review of the literature with the
objective to summarize the efficacy and harms of adalimumab, etanercept, and
infliximab. We included 15 randomized controlled trials (RCTs) and four non-RCTs
(for the assessment of harms only) and found mainly high quality evidence for the
short-term efficacy of these three TNF-inhibitors in improving disease activity,
function, and inflammation as measured by MRI. There was no data on improvement
of radiographic progression. One head-to-head RCT of etanercept versus infliximab
over the course of two years found no difference between the two biologics in terms
of important efficacy outcomes. Given the paucity of head-to-head studies
comparing treatments of interest to practitioners who must make choices as to which
treatment to prescribe to their patient, we performed indirect comparisons using three
different methodological techniques. There was no statistically significant difference
between the three TNF-inhibitors in terms of various disease activity improvement
response measures. The adverse effects data is described in greater detail in the third

manuscript.



The third manuscript was based on the same systematic review of the literature as
described above, but with the objective of focusing on the potential adverse effects
of anti-TNF treatment in AS over short and long time periods. Given the challenges
of using RCTs to assess adverse effects, we broadened our inclusion criteria to
include non-RCTs, especially for the assessment of rare or delayed adverse effects
such as demyelinating diseases or malignancies. In RCTs up to six months in
duration, withdrawals due to adverse events were greater in the etanercept group but
not in adalimumab or infliximab groups, compared to placebo. Serious adverse
events and serious infections were not statistically different between groups for any
of the anti-TNF agents or for all three drugs pooled together, but there was a
statistically significant increase in total infections. Four extension studies provided
data for up to three years after the RCT period and we found no large signal of key
safety outcomes such as serious infections and malignancies. However, these studies
were judged to be at a high risk of bias. Indirect comparisons did not find differences

between the three TNF-inhibitors for any of the adverse event outcomes.

In conclusion, based on the three manuscripts of this thesis:

1. Repeated measures of disease activity, function and well-being fluctuate
considerably between patients, with complex patterns occurring over time within
patients. The current guidelines for basing the use of anti-TNF agents on two
assessments of disease activity four weeks apart fits well with the natural course of

disease activity found in this cohort.

2. There is high quality evidence for the short-term efficacy of these three TNF-
inhibitors in improving disease activity, function, and achieving partial remission
when assessed against placebo. There does not appear to be a difference in efficacy
between the three agents using network meta-analysis and other indirect comparison

techniques to model head-to-head evaluations.



3. The short-term toxicity profile for the use of anti-TNF agents for the treatment of
AS appears acceptable. Data up to three years of follow-up was judged to be at a
high risk of bias, but there was no large safety signal in terms of serious infections
and malignancies. Biologic registries with appropriate control patients as well as data

from post-marketing surveillance are required to assess for longer-term harms.
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CHAPTER ONE: INTRODUCTION

1.1 Rationale

AS is a disease characterized by periods of flare and remission of disease activity (1).
However, little research has been conducted to describe the variation of disease
activity, physical function, and well-being outcome measures of AS patients over
periods of time. One small study (2) (n=22) conducted in 1991 studied disease
activity on a monthly basis over the course of one year and found a high level of
variability within each patient’s profile as well as high between-individual
heterogeneity in disease activity fluctuations. A second study (3) (N=24) published
in 2008 assessed week-to-week variability in disease activity and function over 30
weeks with the objective of investigating whether the natural fluctuation in disease
activity meant that several clinical assessments are needed before deciding to start or
stop anti-TNF therapy. The results of this study also found high intra-individual
variability over the course of the study. These interesting observations on small
numbers of patients need confirmation on a larger dataset. Data on the variability of
the course of this disease will be of interest to clinicians making treatment decisions.

A major breakthrough in the treatment of AS has been the development of TNF-
blockers. The three biologic agents approved for use in AS are adalimumab,
etanercept, and infliximab. While open-label studies and randomized controlled trials
have demonstrated evidence of their efficacy against placebo, a systematic synthesis
of the literature on anti-TNF use for AS should be conducted to confirm and quantify
the benefits of this treatment. As well, a systematic assessment of their potential
harms should be undertaken to allow clinicians and patients to make an informed

decision about the trade-off between benefit and harm of this treatment.

1.2 Outline and objectives

This thesis has been formatted as a manuscript-based thesis. Three manuscripts have

been prepared, in addition to a background chapter and an overall discussion and



conclusions chapter. The appendices include additional material related to outcome
measures, administrative documents, and further details on the methodology used for

chapter three that would not appear in the manuscript.

The following is an outline of the format of this thesis, with an overview of the

objectives of each chapter:

Chapter One
An introductory chapter designed to orient the reader to the layout of the thesis and

the objectives of each chapter.

Chapter Two
This chapter contains background information on the condition of AS, outcome
measures used in AS, the mechanism of action of anti-TNF agents, and existing

clinical guidelines on the use of anti-TNF agents in AS.

Chapter Three

A manuscript based on the analysis of a longitudinal dataset of weekly measures of
disease activity, function, and well-being gathered on 42 AS patients over the course
of 52 weeks. The objectives of this analysis were to:

1. describe the variability and patterns over time of disease activity, physical
function, and well-being in a single cohort of AS patients over a period of one year.
2. determine the number of consecutive assessments that need to be averaged to
provide a stable estimate of disease activity, specifically in the context of
establishing baseline disease activity for entry to a randomized controlled trial.

3. describe the relationship (correlation) between disease activity and function,
disease activity and well-being, and function and well-being outcomes within
individual patients.

4. explore whether patient characteristics (age, sex, disease duration) may explain the

change over time in disease activity, function, or well-being.



5. assess whether the variability in disease activity in a pre-biologic era (i.e. a
historical control) group of patients has implications for the current guidelines on the

use of anti-TNF agents.

Chapter Four

A manuscript based on a systematic review of the literature with the objective to
summarize the efficacy and harms of adalimumab, etanercept, and infliximab for use
in treating AS. The format of the manuscript is based on requirements for publication

in the Cochrane Library.

Chapter Five

A manuscript based on the same systematic review of the literature mentioned above
but with a specific focus on the potential harms of adalimumab, etanercept, and
infliximab for use in treating AS. The format of the manuscript is based on
requirements for co-publication of a Cochrane review in the Journal of

Rheumatology.

Chapter Six
A summary chapter to discuss the implications and conclusions of the work
contained in the three manuscripts.

1.3 References

(1)  vander Linden S, Van Der Heijde D, Maksymowych W.
Spondyloarthropathies: Ankylosing Spondylitis. In: Firestein G.S, Budd R.C., Harris
JrED, Mclnnes I.B., Ruddy S, Sergent J.S., editors. Kelley's Textbook of
Rheumatology. 8th ed. Philadelphia: Saunders Elsevier; 2009. p. 1169-89.

(2) Goodacre JA, Mander M, Dick WC. Patients with ankylosing spondylitis
show individual patterns of variation in disease activity. Br J Rheumatol 1991
Oct;30(5):336-8.

(3)  Berthelot JM, Tortellier L, Lavy-Bregeon D, le GB, Maugars Y. High
intraindividual week-to-week variability in BASDAI and BASFI values: are several
evaluations needed before starting or stopping TNFalpha antagonist therapy for
spondyloarthropathies? Joint Bone Spine 2008 Mar;75(2):167-71.



CHAPTER TWO: BACKGROUND

2.1 Description of the condition

Ankylosing spondylitis (AS) is a chronic, inflammatory rheumatic disease
characterized by inflammatory back pain due to sacroiliitis and spondylitis,
enthesitis, and the formation of syndesmophytes leading to ankylosis. Extraspinal
manifestations are common, including peripheral arthritis (25-50%), uveitis (25-
40%), and inflammatory bowel disease (26%) and contribute to disease morbidity
(1). The etiology of the disease is not yet fully understood but there is a strong
association with the HLA-B27 gene. Studies have shown the prevalence of AS in the
adult general population to vary from 0.4% (Alaska Eskimos) to 1.4% (Northern
Norway) (2). More recent studies in France and Norway estimated the prevalence of
clinical AS at 150 and 210 per 100,000 adults, respectively (3). The peak age of
onset is between 20 and 30 years, although there is often a 5 to 6 year delay in
diagnosis (2). Symptoms of AS appear to be two to three times more common in
men than women. The course of AS is highly variable, and at least one third of
patients with AS will progress to severe disabling disease (4). Clinical symptoms
usually begin with back pain and stiffness in adolescence and early adulthood and
can lead to impaired spinal mobility and/or chest expansion. The burden of disease in
AS has been found to be similar to that of rheumatoid arthritis in terms of pain,
disability and decreased well being (4). Additionally, compared to the general
population, those with AS experience higher work disability and absence from work

which can lead to substantial direct and indirect socio-economic costs (5;6).

2.2. Outcome measures used in ankylosing spondylitis

The ASsessment in Spondyloarthritis (formerly ASsessment in Ankylosing
Spondylitis) (ASAS) Working Group (www.asas-group.org) has developed core sets
of standardized outcome measures for use in clinical practice and trial settings. This
work has been undertaken in conjunction with the OMERACT (Outcome Measures

in Rheumatology, www.omeract.org) initiative which aims to establish standardized,
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validated outcome measures for use in clinical trials in the field of rheumatology.
Outcome measures are selected using data-driven, consensus-based methodology in
which the outcomes are measured against three key concepts known as the
‘OMERACT Filter’: Truth (does the instrument measure what it was designed to
measure? i.e. face validity), Discrimination (can the instrument detect change
between groups? i.e. responsiveness), and Feasibility (is the instrument appropriate
in terms of time, financial, and other constraints?) (7;8). Assessment tools developed
by ASAS include both patient-reported and physician-measured. The three
assessment tools selected by the researchers who conducted the year-long
longitudinal study were the BASDAI (Bath Ankylosing Spondylitis Disease Activity
Index) (9), the BASFI (Bath Ankylosing Functional Index) (10), and the BAS-G
(Bath Ankylosing Spondylitis Global) (11). Details of all three are available on the
ASAS website (http://www.asas-group.org/ under ‘Assessment’) and provided in
Appendix A of this thesis. The BASDAI questionnaire assesses fatigue, pain,
discomfort, and stiffness. The BASFI captures aspects of daily activities that may be
impeded by AS; such as the ability to climb stairs, stand unsupported, or reach up
high. The BAS-G asks about the effect of the disease on well-being over the past

week. All three have been validated in AS patients and are self-reported (12).

The outcome measures selected for the systematic review were based on the disease-
controlling anti-rheumatic treatment (DC-ART) Ankylosing Spondylitis Working
Group Core Set (13) and the International ASAS consensus statement for the use of
TNF- inhibitors in patients with AS (14). The outcomes selected for the summary of
findings table were decided by consensus with five experts from the ASAS working

group.

2.3 Description of TNF-inhibitors

As the result of research demonstrating that tumour necrosis factor alpha (TNF-
alpha) is present in inflamed sacroiliac joints (15), drugs were developed to block
TNF-alpha (TNF-alpha inhibitors). TNF-alpha is a protein that the body produces

during the inflammatory response. TNF-alpha promotes inflammation and
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subsequent pain, tenderness, swelling and fever in several inflammatory conditions

including ankylosing spondylitis.

There are three biologic agents available that target TNF-alpha and are approved for
use in AS: infliximab (Remicade) is a chimeric (mouse/human) monoclonal antibody
of the IgG 1« isotype that binds with a high affinity to TNF-alpha, etanercept
(Enbrel) is a receptor fusion protein that binds to TNF-alpha, thus competitively
inhibiting the binding of TNF-alpha to the cell surface, and adalimumab (Humira) is
a recombinant human IgG1 monoclonal antibody specific for human TNF-alpha.
These three drugs prevent TNF-alpha from promoting inflammation and therefore
reduce pain, tenderness and swelling of joints in patients with ankylosing spondylitis.
Infliximab is given as an intravenous infusion over one to two hours, etanercept and
adalimumab are given as sub-cutaneous injections. Recently a fourth anti-TNF
biologic, golimumab, was approved for use in AS. However, as this agent was
introduced on the market after this thesis work began, it is not included in this

systematic review.

Various terms are used in the literature to describe these biologics. These include
‘anti-TNF-alpha agents’, ‘“TNF-alpha blockers’, and ‘TNF-alpha inhibitors’. When
the ‘alpha’ is not included after “TNF”, it is understood that we are referring to
“TNF-alpha’.

2.4 Guidelines on the use of anti-TNF agents in clinical practice

The Ankylosing Spondylitis Working Group (ASAS) (14;16), the Spondyloarthritis
Research Consortium of Canada (17;18), and the French Society for Rheumatology
(19) have developed recommendations for the use of anti-TNF therapy. These
recommendations include guidance on criteria to help clinicians decide when it is
appropriate to start or stop anti-TNF therapy. A measure of high disease activity or
‘active disease’ is common to these guidelines in terms of deciding when to initiate
anti-TNF therapy. Given the high cost of this therapy and the lack of evidence on

long-term adverse events, the guidelines recommend that a continuous level of high
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disease activity (though there is no consensus on the timing) should be present to
ensure that therapy is not being prescribed for a temporary flare. Disease activity is
also used to assess treatment response. If a reduction in active disease is not
achieved (in twelve to sixteen weeks, depending on the guideline), then it is
recommended that anti-TNF therapy is either switched to another anti-TNF agent or

withdrawn.

In chapter 3, we explore how disease activity scores of patients in the longitudinal
study relate to current guidelines on the use of anti-TNF agents for AS. We used the
guidelines mentioned above to devise various scenarios of whether initiation and

maintenance of anti-TNF therapy was warranted in this historical control cohort.
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CHAPTER THREE: AN ANALYSIS OF THE VARIABILITY OF
DISEASE ACTIVITY, FUNCTION, AND WELL-BEING IN A
YEAR-LONG LONGITUDINAL STUDY OF AS PATIENTS

Chapter overview

The following is a manuscript prepared for publication, based on the analysis of a
longitudinal study of AS patients. The objectives of this analysis were to gain insight
into the weekly variability of disease activity (BASDAI), physical function (BASFI)
and well-being (BAS-G) outcomes in a cohort of ankylosing spondylitis (AS)
patients, to explore the relationship between these outcomes, and to assess the effect
of patient characteristics on change of these outcomes over a period of one year. The
natural changes in disease activity scores and their relation to the current clinical
guidelines on anti-TNF use were explored using scenarios of different timing of
assessments to investigate the appropriateness of initiation and maintenance in this
historical control cohort. This information is useful for clinicians when deciding

whether to initiate anti-TNF therapy in their patients.

A copy of the letter of ethics approval from the University of Ottawa for the

secondary analysis of the existing dataset is provided in Appendix B.

The copyright permission to reproduce Figure 1 in this thesis is provided in

Appendix C.

Further details on the methodology used in this manuscript is provided in Appendix
D.

This manuscript was co-authored by the student (LJM) and her co-supervisors, Dr.
Peter Tugwell and Dr. George Wells, as well as advisors to the thesis, Dr. Annelies
Boonen, Dr. Robert Landewe, and Dr. Desiree van der Heijde. The student is the first
author on this manuscript as she had the primary responsibility for data analysis,
interpretation, and writing. Drs Tugwell, Wells, Boonen, Heijde and Landewe

provided valuable feedback throughout the process.
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Assessment of the variability of disease activity, function, and well-being in

ankylosing spondylitis in a year-long cohort study

Lara Maxwell, George Wells, Peter Tugwell, Annelies Boonen, Robert Landewé,

Désirée van der Heijde

Abstract

Objectives: To gain insight into the weekly variability of disease activity
(BASDA), physical function (BASFI) and well-being (BAS-G) outcomes in a
cohort of ankylosing spondylitis (AS) patients, to explore the relationship between
these outcomes, and to assess the effect of patient characteristics on change of these
outcomes over a period of one year.

Methods: We studied the variability of the main outcomes in a year-long study
cohort using various descriptive techniques and employed correlation analysis to
explore the relationship between the outcomes. We applied mixed effects modeling
to investigate the general patterns of change over time and to explore the association
of age, sex, and disease duration with these outcomes. To examine the stability of
the estimate of disease activity and how it relates to current guidelines on the use of
anti-TNF agents for AS, we used a moving average approach and also ran various
scenarios based on different timings of the assessments.

Results: We found large variability in terms of BASDAI, BASFI and BAS-G both
between and within subjects, with between-individual variability explaining a greater
proportion of the variance. Complex and variable trends over time were evident for
the main outcomes. There was a wide range of correlations in the three main
outcomes within subjects, but in the majority, disease activity, function, and well-
being were quite strongly and positively related. Statistically significant interactions
were found between sex and NSAID-intake in explaining the change of BASDAI,
BASFI and BAS-G over time. Increasing the number of assessments did not
significantly reduce the variability associated with the mean and standard deviation
of BASDAI score and very few patients switched categories when the different

scenarios of the timing of assessments were applied.
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Conclusion: Repeated measures of disease activity, function and well-being
fluctuate considerably between patients, with complex patterns occurring over time
within patients. The current guidelines for basing the use of anti-TNF agents on two
assessments of disease activity four weeks apart fits well with the natural course of

disease activity found in this cohort.

Key indexing terms: ankylosing spondylitis, outcome measures, disease activity

Word count=5414
Abstract Word count=350
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Introduction

Ankylosing spondylitis (AS) is a chronic, inflammatory rheumatic disease that
affects the sacro-iliac joints and often other parts of the spine. The disease course is
highly variable and the onset of the disease is usually before age 45, although there is
often a 5 to 6 year delay in diagnosis (1). Clinical symptoms usually begin with back
pain and stiffness in adolescence and early adulthood and can lead to impaired spinal
mobility and/or chest expansion that then lead to impaired ability to carry out

activities of daily living.

The goals of treatment of AS are to relieve symptoms (pain, stiffness, joint swelling),
improve physical function, and delay or avoid structural damage which leads to

disabling deformities.

Although there is awareness among clinicians that disease activity, physical function,
and well-being outcome measures of AS patients vary from day to day or frequently,
little work has been done to investigate the variation of these outcomes over periods
of time. One small study (n=22) conducted in 1991 studied disease activity on a
monthly basis over the course of one year (2). A high level of variability was found
within each patient’s profile and the authors were unable to distinguish clear patterns
because of the high individual heterogeneity in disease activity fluctuations. They
noted that, “these observations raise the possibility that the natural history of disease
in AS may be different for each individual patient, which, if true, would have
important implications for the design of studies to test the efficacy of therapy and for

approaches to investigating pathogenic mechanisms in patients with AS.”

Another study published in March 2008 assessed the week-to-week variability in
disease activity and function in 24 patients with AS (3). The results of this study also
found high intra-individual variability over the 30-week course of the study. The
large fluctuations in disease activity and function led the authors to conclude that the
outcome measures used to assess disease activity and physical function in AS, the

BASDAI and BASFI, are sensitive tools and encouraged “ physicians to obtain
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repeated measurements of both scores in order to evaluate disease activity” when
deciding whether to initiate anti-TNF therapy. They recommended that the number
and frequency of outcome measures needs further investigation. The Berthelot paper
concluded that their results, “strongly suggest a role for spontaneous fluctuations in
disease activity” and cautioned physicians against switching anti-TNF agents too
quickly, given that an increase in BASDALI score at one time point may not

necessarily mean a lack of efficacy of the therapy.

Our study aims to explore this intra- and inter-individual variability using a year-
long longitudinal study of pre-biologic era patients with ankylosing spondylitis with
frequent, that is, weekly, measurements of disease activity, function, and well-being.
Building on the results of the studies described above, we will assess the pattern of
disease activity in our pre-biologic era cohort. We will examine whether the
fluctuations in disease activity were great enough to show if there was substantive

natural improvement in disease activity to warrant discontinuation of therapy.

Objectives

The objective of this analysis was to gain insight into the variability of disease
activity, physical function, and well-being outcomes over the course of one year and
to explore the relationship between these outcome measures.

Specific research objectives were:

1. To describe the variability and patterns over time of disease activity, physical
function, and well-being in a cohort of AS patients over a period of one year.

2. To determine the number of consecutive assessments that need to be averaged to
provide a stable estimate of disease activity, specifically in the context of
establishing baseline disease activity for entry to a randomized controlled trial.

3. To describe the relationship (correlation) between disease activity and function,
disease activity and well-being, and function and well-being outcomes within
individual patients.

4. To explore whether patient characteristics (age, sex, disease duration) may explain

the change over time in disease activity, function, or well-being.

14



5. To assess whether the variability in disease activity in a pre-biologic era (i.e. a
historical control) group of patients has implications for the current guidelines on the

use of anti-TNF agents.

Methods

Patients with AS who were registered at the outpatient department of Rheumatology
in the Atrium Hospital Heerlen, The Netherlands, were invited by letter to
participate. Respondents were consecutively checked to see if they met the modified
New York criteria for AS.
Exclusion criteria were:
1. Crohn’s disease (present or past).
2. Pain disease not related to AS and which could interfere with disease activity.
3. History of alcoholism, drug abuse, psychological or emotional problems or
severe co- morbidity that could result in informed consent not being
reasonably accepted and/or could result in limited participation in the study.
4. Non-spinal disease such as peripheral arthritis, uveitis, cervicitis, balanitis or
urethritis.
5. Participation in the OASIS (Outcome in Ankylosing Spondylitis International
Study) cohort.

After patient consent was obtained, an appointment to visit the out-patient
department was made. Data was collected by a weekly phone call and patient
assessments included BASDAI, BASFI, BAS-G (last week), and drug use. All
patients started the study in December 1999. Patient-important, validated outcome
measures used to assess disease activity, physical function, and global well-being in
AS include the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) (4),
Bath Ankylosing Spondylitis Functional Index ( BASFI) (5), and Bath Ankylosing
Spondylitis patient Global Score (BAS-G) (6). These outcomes measures have been
validated (7). The BASDAI assesses the severity of disease activity in terms of
spinal and peripheral joint pain, fatigue, localized tenderness, and morning stiffness.

The BASFI assesses functional capability with the aim of capturing one’s ability to
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cope with daily tasks. An overall sense of the effect of the disease on well-being is
assessed with BAS-G.

Methods for each objective:
1. Describing variability in the main outcomes, BASDAI, BASFI, and BAS-G, in of
this cohort of patients over the 52 weeks:

1.1. We used box plots and time plots to illustrate the variability per patient

1.2 Overall inter (between)- versus intra (within)-patient variability was assessed
using a variance component model and intracluster correlation coefficient (ICC).
1.3 We employed mixed effects modeling to investigate the general patterns of
change over time

1.4 We counted the number of weeks each patient exceeded the minimally clinical
important difference (MCID) from their median score using the following MCID
definitions: BASDAI =1, BASFI = 0.7, and BAS-G = 1.5, all on a 0 to 10 scale (8)
1.5 We categorized each patient in this cohort into one of the graphical illustrations
of flare and remission patterns of disease activity (Figure 1) recently described by
Stone et al (9). In their study, a flare was defined as an “exacerbation of the disease
that may have required additional treatment or necessitated a visit to a health care
professional”. Given the retrospective nature of our data, we used a change in 1 point
or more in the BASDAI (since the BASDAI MCID =1) to define a flare in our
cohort. The patterns are: 1. flares and remissions with periods of symptom-free
remission; 2. flares with disease activity in between flares; 3. severe flare of long
duration followed by long symptom-free remission; and 4. severe flare of long
duration followed by continuing, constant symptoms. In this cohort, we also had
some patients who did not have a flare over the course of the 52 weeks and so we
created a fifth category to describe this lack of a flare.

We used the chi-square procedure to test for an association between the disease
pattern groupings and sex. We used ANOVA and Kruskal-Wallis to test for

differences between the disease pattern groupings, age, and disease duration for
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normally distributed variables and non-normally distributed variables respectively.
Statistical significance was defined as p<0.05.

2. We examined the concept of examining whether several clinical assessments
provide a more stable estimate of disease activity and are advisable before entering
patients into a clinical trial of anti-TNF therapy. We applied a moving-average
approach to the first four observations in our dataset and evaluated whether this
results in a large reduction in variability. Repeated assessments may be worthwhile if
they result in significantly reduced standard deviations of our measurements.

3. We used the Pearson and Spearman correlation statistics to investigate the
relationship between the three main outcomes of interest: disease activity (BASDAI)
and function (BASFI) disease activity (BASDAI) and well-being (BAS-G), and
function (BASFI) and well-being (BAS-G) for each patient.

4. We used mixed effects modeling to investigate the general patterns of change over
time in disease activity, function, and well-being and to explore the association of
age, sex, and disease duration with these outcomes. We modeled time as a random
factor and used a random coefficient analysis which included both a random
intercept and a random slope. We used p<0.05 as the cut-point for keeping variables
in the model and used backward elimination to remove non-significant variables. In
selecting the best fit model we used Akaike’s and Schawarz’s information criteria
(AIC and BIC, respectively) where the model with the smaller information criteria is
preferred. We entered the following variables in the maximum model: age, sex,
disease duration, daily dose of NSAID, time modeled as linear, quadratic, and cubic
functions, and interaction terms of time with the patient characteristic variables
mentioned above. Any statistically significant interaction terms were further
explored graphically in an attempt to provide an explanation for the interaction.

5. As this cohort of patients were assessed in 2000, before anti-TNF therapy was
available as a treatment option, they can be considered a historical control that can be
used to make decisions on when biologics are indicated or should be switched.
Based on the ASAS recommendation of patient selection for initiation of anti-TNF
therapy (10) of active disease for >4 weeks and BASDAI > 4 (0-10 scale), we
assumed that two consecutive BASDAI scores greater than four and measured four
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weeks apart would be sufficient to initiate biologic therapy. We then assessed
whether the BASDAI score every four weeks, from the point of initiation, either
stayed above 4 or declined below 4 for 12 consecutive weeks, as per ASAS
guidelines. Week one was taken as the arbitrary starting point of the assessment.
We categorized patients into one of three categories:

Category 1: a level of disease activity that would have qualified a patient for
biologic treatment (defined as a BASDAI >4 for 2 consecutive visits 4 weeks apart),
and the natural course of their BASDAI suggests that initiation and continuation of
biologic therapy would have been warranted (i.c. BASDAI was maintained >4 at 12
weeks follow-up);

Category 2: while two consecutive >4 BASDALI scores qualified a patient
for biologic treatment, 12 weeks after this point there was a natural decline in disease
activity and biologic therapy may not have been necessary (i.e. BASDAI was not >4
at 12 weeks follow-up);

Category 3: there was no point at which biologic treatment would have been
warranted because there were no two consecutive BASDALI scores >4, measured 4
weeks apart.

We repeated the above analysis using different assessment scenarios of three
assessments, four weeks apart and four assessments, four weeks apart, while keeping
the same follow-up time of 12 weeks, to determine if the number of patients in each
category changed significantly depending on the assessment scenario. We
hypothesized that if many patients were switching categories in the different
scenarios, then more than the two currently recommended assessments may be
required.

Ethics approval was obtained from the University of Ottawa for the analysis
of this dataset.

Results

Forty-two patients agreed to participate and were included in the study which
involved an intense schedule of weekly assessments. The characteristics of the study

cohort are provided in Table 1.
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All 42 patients provided data on BASDAI, BASFI, and BAS-G for 52 weeks for a
total of 2184 observations for each outcome. Data on the daily dose of NSAIDs per
week were available for weeks 6 to 52. Only four patients were on DMARD therapy
for the 52 weeks. No patients received anti-TNF or other biologic therapy.

Objective 1: To describe the variability and patterns over time of disease activity,
physical function, and well-being in a cohort of AS patients over a period of one
year.

1.1  Box plots and time plots (Figures 2, 3 and 4) showed that there was large
variability both within-and between-patients over the 52 weeks, in terms of disease
activity, function and well-being. The trend line in Figure 3 shows that there does
not appear to be an increasing or decreasing linear trend, or a quadratic or cubic
trend, for the mean BASDAI score of the sample over the year; it remained relatively
constant around 3.8. Similar results were seen for function and well-being (data not
shown).

Descriptive statistics for disease activity, function, and well-being outcomes for the
entire cohort are found in Table 2.

1.2 We explored the inter- and intra- subject variability across the 42 subjects.
We found that the inter-subject variance (3.11) contributes substantively more than
the intra-subject variance (0.79) to the overall variability of disease activity. This
may be explained by the fact that some patients have a fairly stable disease activity
pattern over the year while others fluctuate greatly, so we would expect to see a
larger variability between the patients compared to the variability of the pattern of
disease activity within a patient. The intracluster correlation (ICC) coefficient was
0.80. This high ICC indicates that the proportion of the true total variation in the
BASDAI can be attributed more to differences in the pattern of disease activity over
the year between patients than differences within patients. Similarly high ICC were
found for function and global well-being outcomes (0.89 and 0.74, respectively).

1.3 Using mixed effects modeling to model the effect of time on the three main

outcomes of interest, we found there was significant quadratic and cubic trends for
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the change in the population mean of the BASDAI, BASFI, and BAS-G scores over
the year (Table 3). The average trend line (Figure 3) appears fairly stable over the
course of the year, but the mixed effects modeling demonstrates that the changing
patterns in this dataset are quite complex, with evidence of quadratic and cubic
trends. When the individual patient time plots are assessed, it is clear that different

patients experience different patterns over the year.

1.4 In another assessment of variability, we counted the number of patients who
had a change (either positive or negative) from their median score that was larger
than the minimally important clinical difference (MCID) of disease activity
(BASDAI=1), function (BASFI=0.7), and global well-being (BAS-G=1.5). We
counted the number of weeks each patient exceed the MCID (histogram) and found
that all but 3 out of 42 patients had an absolute change in their BASDAI (from their
median BASDA\I score) greater than one point over the course of the 52 weeks. The
majority of patients (24/42, 57%) exceeded the MCID between 1 and 10 times over
the 52 weeks; 12/42 (29%) exceeded it between 11 and 20 times; and 7% (3/42)
were highly variable and changed more than 20 times by more than 1 point from
their median BASDAI .

Similarly, 39/42 patients had an absolute change in their BASFI score greater than
0.7. A change of more than 1.5 points on the BAS-G scale was found in 37/42
patients. This analysis demonstrates that the majority of patients’ BASDAI, BASFI,
and BAS-G scores fluctuated to a significant extent throughout the 52-week study.
Figure 5 shows the number of weeks that each patient exceeded the minimal
clinically important difference in BASDALI.

1.5  We classified participants into one of the five disease activity patterns

identified by Stone et al. (9) as described in the methods section. The patient

distribution into each of the patterns is described in Table 4.
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Similar to the paper by Stone, the majority of patients in this cohort experienced a
pattern of ongoing flares with disease activity in between the flares. None of the
patients in this cohort experienced a pattern of long disease activity followed by a
prolonged symptom-free state. Although a pattern of no flares was not identified by
Stone, we found five patients (12%) who did not experience any flare over the 52

weeks.

Chi-square test showed we do not have evidence of an association of disease patterns
and sex (p=0.80). Kruskal-Wallis tests showed there was no evidence of an
association between the different disease patterns and disease duration (p=0.09).
ANOVA, using Proc GLM to account for the unequal sample sizes in the different
groups, showed there was also no evidence of an association between the different
disease patterns and age (P=0.30). The Kruskal-Wallis test gave the same result

indicating the robustness of the estimate.

Objective 2: To determine the number of consecutive assessments that need to be
averaged to provide a stable estimate of disease activity, specifically in the context of
establishing baseline disease activity for a randomized controlled trial.

We computed the sample mean and SD for the weekly BASDAI trend and for each
moving average analysis using the first four observations in the dataset. As expected,
the mean BASDAI was similar across the four analyses (Table 5). Similar results
were found for the standard deviation, indicating that there does not appear to be
compelling evidence that taking more than one repeated measurement will
significantly reduce the variability of the disease activity outcome. The CV was

similar, varying between 47.6% to 48.8%.

Obijective 3: To describe the relationship (correlation) between disease activity and
function, disease activity and well-being, and function and well-being outcomes
within individual patients

The mean, median, minimum, and maximum, correlations from the individual

patient results are given in Table 6. There was large variability in the correlation
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results for these outcomes across the various individual patients. A graphical display
of the correlation between the three outcomes of interest for two patients (patient
ID= 25 and 26) demonstrates the extremes of the associations seen in individual
patients (Figure 8). Patient 26 has a high correlation between BASDAI and BASFI
(r=0.92), BASFI and BAS-G (r=0.94) and BASDAI and BAS-G (r=0.93). With
patient 25, there is a weak, though positive, correlation between BASDAI and
BASFI (r=0.32), no association between BASFI and BAS-G (r=-0.06) and a weak
correlation between BASDAI and BAS-G (r=0.17). Results were almost identical

when the Spearman correlation statistic was used.

Objective 4: To explore whether patient characteristics (age, sex, disease duration)
may explain the change over time in disease activity, function, or well-being.

The best-fitting mixed models for BASDAI, BASFI and BAS-G along with
associated P-values are described in Table 7. For all three outcomes, neither disease
duration and age, nor their interaction terms, were statistically significant indicating
they could be removed from the model. However, we kept age in as we thought was
clinically important. We found statistically significant interactions with sex and time
and daily dose of NSAID intake and various functions of time. We further explored
these interactions by graphing the predicted mean of the outcome variable by males
and females and by the following groupings of NSAID intake, measured in daily

doses per week: 0, 1 to 6, 7, and >7.

Figures 6 and 7 show the graphical representation of the significant interactions
between sex and NSAID use. Similar results were found for BASFI and BAS-G
(data not provided). In women, predicted mean BASDAI and BAS-G scores showed
a cubic pattern, showing a steeper drop in scores in the early weeks of the study
before increasing again. In men, the BASDA\I score remained fairly stable over the
year. And for BASFI, the women’s scores were consistently worse than the men’s
scores over the 52 weeks. In those patients taking less than a daily dose of NSAID
per week, we see lower overall predicted mean values of BASDAI and BASFI

(graph not shown) compared to those with a daily dose of NSAIDs or higher and a
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quadratic trend in the lower NSAID-intake group while the higher groups have more

of a cubic trend.

We undertook model diagnostics to assess the fit of our model (Appendix, Figures 9
& 10). The histogram of residuals had a normal distribution and the normal quantile
plot of residuals looked close to a straight line with the exception of a few outliers.
The plots of residuals versus predicted values and covariates showed the presence of
some outliers in the data, but no discernible systematic trend. The line of the lowess
smoothed curve was almost straight indicating no systematic trend. The distribution

of random effects for intercept and week also appeared normal.

Objective 5: To assess whether the variability in disease activity in a pre-biologic
era (i.e. a historical control) group of patients has implications for the current
guidelines on the use of anti-TNF agents.

We categorized patients into one of three categories based on the current guidelines
for initiation and maintenance of anti-TNF therapy, which is two assessments, four
weeks apart. We then explored different scenarios of changing the number of
assessments to three or four assessments, both four weeks apart, to determine the
change in the number of patients assigned to each category. The percentage of
patients who met each category in the three scenarios and the distribution of patients
across categories when the different assessment scenarios are compared are provided

in Table 8 and 9, respectively.

When assessing this cohort using the current guidelines for initiation and
maintenance of anti-TNF therapy, treatment would have been warranted in 41% of
the patients. Approximately 43% of the patients did not have two consecutive
BASDAI scores >4 to warrant the initiation of biologic therapy. Of interest, in 16.7%
of patients, two consecutive high BASDAI scores might have qualified them for
biologic treatment, but after this point there was a natural decline in disease activity
at the 12-week follow-up point. Therefore, treatment with biologic therapy may not

have been necessary in these patients. Changing the scenario to three assessments,
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four weeks apart, before initiation of therapy increased the number of patients who
did not have three consecutive BASDAI scores >=4 to 52.4% and when four
consecutive assessments were considered, 61.9% of patients did not meet the
requirements for initiation of therapy. The percentage of patients in category 1 stayed
quite consistent across the three scenarios. When the most stringent assessment
scenario is applied, only one patient has a natural decline in BASDAI scores to
suggest that after 12 weeks, the natural course of the disease improved to the point

where anti-TNF therapy may not be required.

The number of patients who changed categories based on the different assessment
scenarios is described in Table 9. It clearly shows that about 1/3 of patients (35%)
have high disease activity throughout the year and stay in category 1, regardless of
the timing of the assessments. Only two patients switch from category 1 to category
2 if the scenario is changed from two to three assessments and none switch between
scenarios three to four; thus indicating that the majority of patients show stability
over the timing of the assessments.

Discussion

In this year-long longitudinal study of 42 patients with ankylosing spondylitis, we
found there was evidence of large variability both between and within patients in
terms of the patterns of disease activity, function, and well-being as measured on
weekly basis. Our descriptive statistics showed individual disease activity patterns
ranging from very stable to largely fluctuating over the 52 weeks. Minimum and
maximum BASDAI, BASFI and BAS-G scores cover almost the entire 0 to 10 scale.
The three main outcomes of interest indicated that there were quadratic and cubic
patterns occurring over time in this cohort. We also found that the majority of
patients’ BASDAI, BASFI, and BAS-G scores fluctuated in a clinically important
way over the year, based on the number of times each patient exceeded the MCID
from their median score. All but three patients exceed the BASDAI MCID of one
point over the year, and at the other extreme, three patients were very highly variable

and changed more than 20 times by more than one point from their median score.
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We also found that more of the variation in BASDAI, BASFI, and BAS-G scores can
be attributed to the differences found between patients, than variation of scores
within patients. The different patterns of disease activity experienced by AS patients
were recently explored by researchers in the UK and all of their patients experienced
flares. While 12% of our cohort did not experience a flare in disease activity over the
year they were followed, the majority (60%) experienced one or more flares with

ongoing disease activity in between which is similar to the Stone et al. paper (9).

This descriptive analysis provides a picture of the considerable variability in clinical
symptoms both across patients and within many patients and is consistent with
previous studies which also found high inter- and intra-individual variability (2;3).
Our results also demonstrate the ability of the BASDAI, BASFI and BAS-G

instruments to detect frequent changes in these outcome measures.

This variability is also demonstrated in radiographic progression. Similar to the
debate about the progression of clinical symptoms, there has been little data available
on the natural radiographic progression of AS. However, a recent study (11) sought
to describe the natural course of radiographic progression in a cohort of patients with
AS. They characterized patients into three groups based on their rate of radiographic
progression - fast, moderate, and slow - and also found evidence of substantial
variation in radiographic progression between individual patients; from 23% of
patients showing no progression to a 4-times greater rate of progression than the

mean cohort progression in 43% of patients.

In terms of the number of assessments needed to determine whether a patient should
begin anti-TNF therapy in the context of an RCT, we determined that increasing the
number of assessments from one to four did not significantly reduce the variability
associated with the mean and standard deviation of BASDAI scores. Although there
is clearly a lot of fluctuation in disease activity over the course of a year in our

cohort of patients, we do not have evidence to suggest that increasing the number of
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repeated assessments for a baseline assessment over a short period of time (e.g. 4

weeks) is a worthwhile way to reduce the variability.

We explored the appropriate number of assessments necessary for initiation of anti-
TNF therapy by creating different scenarios of the timing of assessments and
determining whether many patients changed between the following categories: 1.
initiation and maintenance of anti-TNF therapy was warranted; 2. a natural decline in
disease activity to the point where anti-TNF therapy may not have been needed; or 3.
no point at which consecutive disease activity scores were high enough to warrant
initiation of therapy. Approximately 1/3 of patients had consistently high disease
activity throughout the 52 weeks which warranted anti-TNF therapy initiation and
maintenance. Of interest, very few patients switched from category 1 to 2 when the
current guidelines of two assessments of disease activity four weeks apart fits well
with the natural course of disease activity seen in this cohort different assessment
scenarios were applied, indicating that, in this cohort of patients, taking more than
two assessments of disease activity was not necessary. Together, these two findings
demonstrate that the current guidelines of two assessments of disease activity four
weeks apart fits well with the natural course of disease activity seen in this cohort.
Similar to our conclusion, a recent review on the management of ankylosing
spondylitis (12) commented that the Berthelot study “proposal to perform several
evaluations before starting or stopping anti-tumour necrosis factor (TNF) therapy

does not seem to be really feasible and necessary”.

We found positive relationships between BASDAI, BASFI, and BAS-G, with
disease activity and well-being being the most strongly correlated. This is
understandable given that patients reporting higher disease activity would be likely
to report a more severe effect of AS on their well-being. As expected, the correlation
coefficients of the individual patients ranged widely for the relationship between
disease activity and function. The relationship between physical function and
disease activity and structural damage was recently investigated (13) and it was

shown that disease activity and structural damage both independently predict
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changes in function. BASDAI was found to correlate well with BASFI, which is

similar to our result.

Although our study is comprised of a relatively small number of participants, the
strength of this study lies in the frequent collection of data. Using mixed effects
modeling allowed us to explore the relationship of patient characteristics to the
change over time in disease activity, function and well-being, while taking into
account the correlated nature of this data. We found evidence of both quadratic and
cubic relationships over time, which reinforces the complexity of the patterns of
disease activity, function, and well-being in AS. In addition, patterns in men tended
to be more stable while women had stronger cubic and quadratic patterns. Over time,
the trend lines of men and women intersected, demonstrating that women did not
have consistently better disease activity than men. Thus, we do not have strong
evidence from this cohort to support the theory that women have less severe disease
than men as seen in other cohort studies (14;15). There was a significant interaction
between NSAID-intake and each of the three main outcomes; higher doses of
NSAIDs were associated with higher BASDAI, BASFI and BAS-G scores. It is not
surprising that people with higher disease activity reported taking more NSAIDs.

This dataset is remarkably complete in terms of the main outcomes of interest; there
was no missing data for BASDAI, BASFI, or BAS-G from the 42 participants over
the 52 weeks of the study and all participants completed the study. However, there
was a significant amount of missing data on the status of the genetic marker HLA-
B27, so we were unable to use this as a covariate and data on NSAID use was not
collected before week six. The frequency of the data collection allowed us to explore
patterns in regular changes in patient’s disease activity, function, and well-being over
time. The repeated measures nature of the data meant that sophisticated modeling
techniques were required to handle the intrinsic correlations within individuals and
mixed effects modeling was an appropriate method to use. We would expect that
recall bias would not be a significant problem for this study since patients were

asked about their health status for the previous week, which is not a long period of
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time. Participant recruitment was through a hospital outpatient rheumatology
department which would be less likely to select for patients with severe disease

compared to those admitted to hospital.

However, despite the strengths listed above, this study does have some limitations.
While this data was collected prospectively with a specific research question in
mind, the researchers conducting the original study did not obtain information on the
patients’ perception of when their disease activity was stable so that we could relate
this back to the BASDAI, BASFI and BAS-G outcomes. Ankylosing spondylitis is
usually diagnosed quite early in life and is a chronic disease; however, we only had
data for one year, in effect a ‘snapshot’ of the disease course at which different
patients were at different stages of disease duration. Yet the high frequency of the
data collection gives us a unique view of the frequency of fluctuation of disease
activity, function and well being in AS patients. The sample size was not very large,
but was larger than two other prospective studies on this topic and the frequent
repeated measures of the participants provided a great deal of information about the
individual’s change over time. In our analysis of how the variability in disease
activity relates to the current guidelines on the use of anti-TNF agents, we could only
use BASDALI scores while guidelines also recommend that ‘expert opinion’ be taken

into account when making a treatment decision.

In conclusion, we found that frequent repeated measures of disease activity, function
and well-being fluctuate considerably between patients, with complex patterns
occurring over time within patients. The current guidelines on the use of anti-TNF
agents of two assessments of disease activity four weeks apart fits well with the

natural course of disease activity found in this cohort.
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Tables and Figures
Table 1 Characteristics of study cohort

Total N 42

Male:Female 33:9

Mean, median age years (SD, range, IQR) | 46.0, 43.0 (11.1, 21 to 69, 15)
Mean, median length of disease duration, 11.3,10.5(6.4,, 210 35, 9)
yrs (SD, range, IQR)
HLA-B27 +, n/N (%)* 24/28 (85.7)

*HLA-B27+ status only available for 28 patients; IQR=inter-quartile range

Table 2: Descriptive statistics for disease activity (BASDAI), function (BASFI), and
well-being (BAS-G) of the overall cohort over the 52 weeks

Outcome Mean (SD) Median Minimum Maximum IQR
BASDAI (0 to 10 scale) 3.49 (1.96) 3.50 0 9.3 2.9
BASFI (0 to 10 scale) 3.46 (2.12)  3.40 0 9.6 3.6
BAS-G (0 to 10 scale) 3.74 (2.20)  4.00 0 10 3.0

Note: higher scores mean worsening disease activity, function, and well-being; IQR=interquartile
range

Table 3: Results of mixed modeling for BASDAI, BASFI, BAS-G with various
functions of time

Linear Quadratic trend,  Cubic trend,
trend, P- P-value P-value
value
BASDAI 0.915 0.028 0.0001
BASDFI 0.618 0.016 0.0001
BAS-G 0.558 0.013 0.0002

Table 4: Distribution of patients into the each of the disease activity patterns

Disease pattern

Severe,

lengthy

Flares & Severe, flare, then

ongoing lengthy ongoing

Flares &  disease flare, then no disease
remisssion  activity symptoms activity No flare

Number of

patients 9 25 0 3 5
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Table 5: Comparison of the BASDAI for the weekly trend and for two-week, three-
week, and four-week moving average data (based on first four weeks in the dataset)

Week 1 Moving average  Moving average  Moving
of 2 weeks of 3 weeks average of

4 weeks
Mean 3.74 (3.18to 3.81(3.23 to 3.82(3.24t0 3.76(3.19
BASDAI 4.29) 4.39) 4.39) to 4.33)

(95% ClI)

SD (95% CI) 1.78 (1.47 to 1.86 (1.53t0 1.83(1.51t0 1.82(1.50
2.27) 2.37) 2.34) to 2.32)
CV % 47.6 48.8 47.9 48.4

SD=standard deviation; Cl= confidence interval; CV=coefficient of variation (SD/mean)

Table 6: Descriptive results from the correlation analysis of all patients (N=42)

Pearson correlation BASDAI:BASF BASFI:.BAS BASDAI:BA
statistic | -G S-G

Mean 0.68 0.61 0.68
SD 0.27 0.30 0.20
Median 0.75 0.69 0.75
Minimum -0.63 -0.29 -0.05
Maximum 0.94 0.96 0.94
IQR 0.20 0.26 0.24

Table 7: Best-fitting models of association between BASDAI, BASFI, BAS-G, and
patient characteristic variables

BASDAI BASFI BAS-G
Variable P-value | Variable P-value | Variable P-value
Week <.0001 Week <.0001 Week <.0001
Weeksq <.0001 Weeksq <.0001 Weeksq <.0001
Weekcu <.0001 Weekcu <.0001 Weekcu <.0001
Age 0.3018 Age 0.3860 Age 0.3527
Sex 0.0004 Sex 0.1467 Sex 0.0001
NSAID 0.0847 NSAID 0.0149 NSAID 0.0593
Week*Sex <.0001 Week*Sex <.0001 Week*Sex <.0001
Week*NSAID <.0001 Week*NSAID <.0001 Week*NSAID <.0001
Weeksq*Sex <.0001 Weeksq*Sex <.0001 Weeksq*Sex <.0001
Weeksg*NSAID  <.0001 Weeksg*NSAID <.0001 Weeksg*NSAID <.0001
Weekcu*Sex <.0001 Weekcu*Sex <.0001 Weekcu*Sex <.0001
Weekcu*NSAID  <.0001 Weekcu*NSAID <.0001 Weekcu*NSAID <.0001

Weeksg=week*week; weekcu=week*week*week
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Table 8: Categorization of patients based on current guidelines for initiation and
maintenance of anti-TNF therapy (2 assessments) and two other scenarios of

assessments
Category 1: Category 2:
Initiation of biologic Initiation of
therapy was biologic therapy

warranted, followed was warranted,
by consistently high  followed by a

Category 3: No
consecutive

BASDAI scores
>=4 to warrant

initiation of biologic

disease activity natural decline in therapy
scores disease activity
2 assessments, %
patients 40.5 16.7 429
0
3 assessments, % 35.7 11.9 52.4
patients
0
4 assessments, % 35.7 2.4 61.9
patients

Table 9: Comparison of the number of patients assigned to each category based on

different assessment scenarios

3 assessments, 4 weeks apart

Category 1 | Category 2 | Category 3

2 assessments Category 1 15 2
4 weeks a art, Category 2 0 3
P Category 3 0 0

0
4
18

4 assessments, 4 weeks apart

Category 1 | Category 2 | Category 3

3 assessments Category 1 15 0
4 weeks a art’ Category 2 0 1
P Category 3 0 0

0
4
22

Category 1: Initiation of biologic therapy was warranted, followed by consistently high disease

activity scores

Category 2: Initiation of biologic therapy was warranted, followed by a natural decline in disease

activity

Category 3: No consecutive BASDAI scores >4 to warrant initiation of biologic therapy
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Figure 1: Graphical representation of flare illustrations of patterns of disease in
ankylosing spondylitis patients as identified by Stone et al (Stone MA, et al. Assessment of
the impact of flares in ankylosing spondylitis disease activity using the Flare Illustration.
Rheumatology. 2008,47:1213-1218. Pg. 1214, by copyright permission of Oxford University Press
and the British Society for Rheumatology)
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Figure 2: Boxplot of BASDAI scores for patients 1 to 21
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Figure 3: Boxplot of BASDAI scores for patients 22 to 42

35



BASDAI

Figure 4: Time plot of BASDAI scores over 52 weeks with the average trend line for the
42 patients
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Figure 5: Histogram of the number of weeks that each patient exceeded the minimal
clinically important difference in BASDAI (MCID =1, on 0 to 10 scale)
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Figure 6:

BASDAI: Interaction plot of time by sex
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BASDAI: Interaction plot of time by NSAID
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intake from the mixed model analysis
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Figure 8. A graphical display of the correlation between BASDAI, BASFI, and BAS-G
for two patients (patient ID= 25 and 26) demonstrates the extremes of the associations seen
in individual patients (patient 25=weak correlation; patient 26=strong correlation)
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BASDAI: Histogram of residuals
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Figure 9. Normal distribution of residuals from mixed effect model analysis

BASDAI: Scaled residuals versus predicted means - smoothed
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Figure 10. Plot of scaled residuals versus predicted value for BASDAI with lowess
smoothed trend. Shows the presence of some outliers in the data, but no discernible
systematic trend.
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CHAPTER FOUR: A COCHRANE SYSTEMATIC REVIEW ON
TNF-INHIBITORS (ADALIMUMAB, INFLIXIMAB,
ETANERCEPT) FOR THE TREATMENT OF ANKYLOSING
SPONDYLITIS

Chapter overview

The following is a manuscript prepared for publication, based on a systematic review
of the literature on the efficacy and safety of TNF-inhibitors for treating AS. The
previous manuscript provided evidence of the natural fluctuations in disease activity
in a historical control group and how this relates to the current clinical guidelines on
the treatment of AS. For clinicians and their patients who need to make a treatment
decision on whether to initiate anti-TNF therapy, a systematically reviewed evidence
base of the efficacy and harms of this therapy is useful in decision-making by

quantifying the trade-off between benefit and harm.

This manuscript was co-authored by the student (LJM) and her co-supervisors, Dr.
Peter Tugwell and Dr. George Wells, as well as advisor to the thesis, Dr. Annelies
Boonen. Drs Singh and Zochling screened search results, performed data extraction,
and provided comments on drafts of the review. The student is the first author on this
manuscript as she had the primary responsibility for data collection, analysis,
interpretation, and writing. Drs Singh, Zochling, Tugwell, Wells, and Boonen

provided valuable feedback throughout the process.
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Abstract
Background

Anti-TNF (tumour necrosis factor) agents block a key protein in the inflammatory
chain reaction responsible for the joint inflammation, pain, and damage in

ankylosing spondyilitis.
Objectives

To assess the efficacy and safety of adalimumab, etanercept, and infliximab in
reducing disease activity, pain, and improving function in people with ankylosing
spondylitis (AS).

Search methods
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We searched the following databases to January 26, 2009: MEDLINE (from 1966);
EMBASE (from 1980); The Cochrane Library (Issue 4, 2008); ACP Journal Club;
CINAHL (from 1982); I1S1 Web of Knowledge (from 1900). A separate electronic
search specific to adverse events was conducted to May 2009 and we searched the
websites of regulatory agencies to April 2010. An updated search to March 2010 was
run in Ovid MEDLINE(R) and EMBASE. We searched conference proceedings
from the American College of Rheumatology (ACR) and European Congress of

Rheumatology (EULAR) meetings.
Selection criteria

Randomized controlled trials comparing adalimumab, etanercept, and infliximab to
placebo, other drugs or usual care in patients with AS. For adverse effects, we
included controlled clinical trials (CCTSs), cohort studies (prospective (e.g. long-term
extension of RCT) or retrospective), case-control studies, case-series, and published
registry data as long as they reported at least one year of follow-up for AS patients
on anti-TNF agents, had a sample size > 100 patients and reported an included

outcome.
Data collection and analysis

Two authors independently assessed search results and risk of bias, and extracted
data. We contacted authors of included studies for additional information.
Dichotomous outcomes were reported as relative risk (RR) or Peto odds ratio (Peto
OR) if a rare event. Continuous outcomes were reported as mean differences.
Indirect comparisons were undertaken using Bucher's Indirect Treatment
Comparison (ITC), Generalized Linear Mixed Models (GLIMMIX), and Mixed

Treatment Comparisons (MTC) approaches.
Results

Fifteen RCTs met the inclusion criteria with a total of 2,459 participants. Compared
with placebo, patients on an anti-TNF agent were 3 to 4.5 times more likely to
achieve an ASAS 40 response by 6 months (adalimumab: RR 3.05, 95% confidence
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interval (CI) 1.82 to 5.11; etanercept: RR 3.07, 95% CI 2.11 to 4.47; infliximab: RR
4.33, 95% CI 2.50 to 7.52) with a 26% to 39% absolute risk difference between
treatment and placebo groups. The number needed to treat to achieve an ASAS 40
response on one of these agents ranged from 3 to 4. Significant improvements in
physical function and the number of patients meeting the ASAS partial remission
criteria were found in anti-TNF-treated patients compared to placebo. No data for
radiographic progression was available. One RCT found adalimumab reduced spinal
and sacroiliac MRI activity scores compared to placebo, although it is not clear what
the clinical relevance of this difference may be. Withdrawals due to adverse events
were greater in the etanercept group (Peto OR 3.93, 95% CI 1.40 to 11.02) but not in
adalimumab or infliximab groups. Serious adverse events were not statistically
different between groups for either drug or for all three drugs pooled together, but
total infections were (RR 1.22, 95% CI 1.02, 1.45). Four extension studies were
included for assessment of adverse events with data for up to three years after the
RCT period and were judged to be at a high risk of bias. Most results were presented
compared to the RCT period and large increases in rates of serious infections,
malignancies, demyelinating diseases or death were not apparent. Using indirect
comparison methodology and one head-to-head study of etanercept versus
infliximab, there was no evidence for significant differences in important outcomes

between anti-TNF agents.
Authors' conclusions

There is mostly high quality evidence demonstrating that the anti-TNF agents are
efficacious against placebo in the treatment of AS. We did not find evidence of an
increase in serious adverse events or serious infections from RCTs, though total
infections were increased, and other AEs had low event rates but the short-term
toxicity profile appears acceptable. Data included for assessment of adverse events
was at high risk of bias and difficult to interpret, but there was no large signal of key
safety outcomes such as serious infections and malignancies. Based on indirect
comparison methodology, there does not appear to differences between anti-TNF

agents in terms of the key efficacy or safety outcomes.
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Plain language summary

Adalimumab, etanercept, and infliximab (anti-tumor necrosis factor (TNF)

drugs) for treating ankylosing spondylitis

This summary of a Cochrane review presents what we know from research about the
effect of anti-TNF drugs (adalimumab, etanercept, and infliximab) on ankylosing
spondylitis:

The review shows that in people with ankylosing spondylitis:

- Anti-TNF drugs probably improve pain, function and other symptoms of
ankylosing spondyilitis.

- Anti-TNF drugs probably reduces disease activity

- Anti-TNF drugs probably increase the chance of acheiving partial remission of

symptoms of ankylosing spondylitis.

We do not have precise information about side effects and complications, but in
these short-term studies there was no evidence of any increase in serious adverse
events. Possible side effects may include a serious infection or upper respiratory

infection. Rare complications may include certain types of cancer.
What is ankylosing spondylitis and what are anti-TNF drugs?

Ankylosing spondylitis (AS) is a type of arthritis usually in the joints and ligaments
of the spine. It may also affect shoulders, hips, or other joints and cause tendonitis.
Pain and stiffness occurs and limits movement in the back and affected joints. It can
come and go, last for long periods, and be quite severe.

Anti-TNF drugs target a protein called tumor necrosis factor that causes
inflammation. These drugs suppress the immune system and reduce the inflammation
in the joints. Even though suppressing the immune system can make it slightly
harder to fight off infections, it also helps to stabilize an overactive immune system.

By reducing the inflammation, the aim is to help prevent damage to the joints.
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Best estimate of what happens to people with ankylosing spondylitis who take
anti-TNF drugs:

ASAS 40 (40% improvement in pain, function, inflammation as measured by
morning stiffness, and patient overall well-being)

- Among people who took adalimumab 40 people out of 100 experienced
improvement in the signs of their ankylosing spondylitis compared to 13 people out
of 100 who took a placebo (27% absolute improvement).

- Among people who took etanercept 57 people out of 100 experienced improvement
in the signs of their ankylosing spondylitis compared to 19 people out of 100 who
took a placebo (38% absolute improvement).

- Among people who took infliximab 45 people out of 100 experienced improvement
in the signs of their ankylosing spondylitis compared to 10 people out of 100 who
took a placebo (35% improvement).

Partial remission

- Among people who took adalimumab 20 people out of 100 experienced partial
remission in the signs of their ankylosing spondylitis compared to 4 people out of
100 who took a placebo (16% absolute improvement).

- Among people who took etanercept 20 people out of 100 experienced partial
remission in the signs of their ankylosing spondylitis compared to 5 people out of
100 who took a placebo (15% absolute improvement).

- Among people who took infliximab 23 people out of 100 experienced partial
remission in the signs of their ankylosing spondylitis compared to 1 people out of
100 who took a placebo (22% improvement).

Physical function (lower score means better function)

- People who took adalimumab rated their function to be 18 points lower on a scale
of 0 to 100 after 12 weeks (18% absolute improvement).

-People who took adalimumab rated their pain to be 34 on a scale of 0 to 100 after 12
weeks.

-People who took a placebo rated their pain to be 52 on a scale of 0 to 100.
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- People who took etanercept rated their function to be 16 points lower on a scale of
0 to 100 after 24 weeks (16% absolute improvement).

-People who took etanercept rated their pain to be 39 on a scale of 0 to 100 after 24
weeks.

-People who took a placebo rated their pain to be 55 on a scale of 0 to 100.

- People who took infliximab rated their function to be 19 points lower on a scale of
0 to 100 after 24 weeks (19% absolute improvement).

-People who took infliximab rated their pain to be 41 on a scale of 0 to 100 after 24
weeks.

-People who took a placebo rated their pain to be 60 on a scale of 0 to 100.

X-rays of the joints

-There was no x-ray data in the studies we looked at.

Side effects

- Among people who took etanercept 16 people out of 1000 dropped out of the study
because of the side effects compared to 4 people out of 12000 who took a placebo

(3% absolute difference).

There may be little or no difference in people who dropped out because of side

effects with adalimumab or infliximab compared to people who took a placebo (fake
pill)

Background

Ankylosing spondylitis (AS) is a chronic, inflammatory rheumatic disease
characterized by inflammatory back pain due to sacroiliitis and spondylitis,
enthesitis, and the formation of syndesmophytes leading to ankylosis. Extraspinal
manifestations are common, including peripheral arthritis (25-50%), uveitis (25-
40%), and inflammatory bowel disease (26%) and contribute to disease morbidity

(Edmunds 1991). The etiology of the disease is not yet fully understood but there is a
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strong association with the HLA-B27 gene. Studies have shown the prevalence of
AS in the adult general population to vary from 0.4% (Alaska Eskimos) to 1.4%
(Northern Norway) (Khan 2002). The peak age of onset is between 20 and 30 years,
although there is often a 5-6 year delay in diagnosis (Khan 2002). It is two to three
times more common in men than women. The course of AS is highly variable, and at
least one third of patients with AS will progress to severe disabling disease (Zink
2000). Clinical symptoms usually begin with back pain and stiffness in adolescence
and early adulthood and can lead to impaired spinal mobility and/or chest expansion.
The burden of disease in AS has been found to be similar to that of rheumatoid
arthritis in terms of pain, disability and decreased well being (Zink 2000).
Additionally, compared to the general population, those with AS experience higher
work disability and absence from work which can lead to substantial direct and

indirect socio-economic costs (Boonen 2001; Boonen 2001a).

The goals of treatment of AS are to relieve symptoms (pain, stiffness, joint swelling),
improve physical function, and delay or avoid structural damage which leads to
physical impairments and deformities. AS requires a multidisciplinary treatment
approach and is usually managed with a combination of drug therapy and
physiotherapy. Regular exercise is crucial for maintaining or improving spinal

mobility and physical function (Dagfinrud 2004). Non-steroidal anti-inflammatory

drugs (NSAIDs) are the mainstay of symptomatic drug therapy, reducing the pain
and stiffness of inflammation. Although these interventions can alleviate the
symptoms of the disease, it is not clear whether they are able to prevent or delay the
structural damage leading to physical disability. Recent work suggests continuous
NSAID therapy may have an effect on the spinal radiographic changes seen in AS
(Wanders 2005). At least one third of patients respond insufficiently to NSAID

therapy or experience serious side effects from NSAIDs and thus require disease
controlling drugs in addition to symptom modifying treatment. In contrast to
rheumatoid arthritis, there are no established disease modifying anti-rheumatic
treatments (DMARDs) in AS, although sulphasalazine may be effective for
peripheral joint symptoms but not for axial disease (Dougados 2002).
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As the result of research demonstrating that tumour necrosis factor alpha (TNF-
alpha) is present in inflamed sacroiliac joints (Braun 1995), biologic drugs were
developed to block TNF-alpha (known as TNF-alpha inhibitors, anti-TNF agents, or
TNF-alpha blockers). TNF-alpha is a protein that the body produces during the
inflammatory response. TNF-alpha promotes inflammation and subsequent pain,
tenderness, swelling and fever in several inflammatory conditions including
ankylosing spondylitis. There are three main biologic agents currently available that
target TNF-alpha: infliximab (Remicade) is a chimeric (mouse/human) monoclonal
antibody of the IgG1x isotype that binds with a high affinity to TNF-alpha;
etanercept (Enbrel) is a receptor fusion protein that binds to TNF-alpha, thus
competitively inhibiting the binding of TNF-alpha to the cell surface; and
adalimumab (Humira) is a recombinant human IgG1 monoclonal antibody specific
for human TNF-alpha. These three drugs prevent TNF-alpha from promoting
inflammation and therefore reduce pain, tenderness and swelling of joints in patients
with ankylosing spondylitis. Infliximab is given as an intravenous infusion over one

to two hours, etanercept and adalimumab are given as sub-cutaneous injections.

Open label studies have shown biologics are efficacious in AS (Brandt 2000;
Maksymowych 2002; Marzo-Ortega 2001; Stone 2001; Haibel 2004) and

randomized controlled trials have shown them to be highly effective in improving

disease activity, spinal mobility, function, and pain (Braun 2002; Van Den Bosch

2002; Gorman 2002). It has been suggested that biologic treatment might prevent or

significantly decrease the rate of progression of structural damage and thus be the
first disease controlling anti-rheumatic treatment (DC-ART) for AS; however, more
evidence is required to determine if biologics really do have this effect. Recognized
adverse effects of anti-TNF-alpha therapy include serious infections such as
tuberculosis, allergic reactions and autoimmune reactions. It is still unclear whether
there is an increased incidence of malignancy (lymphoma or solid tumors) associated

with anti-TNF-alpha therapy.

The relatively high cost of treatment and possible serious side effects of anti-TNF-

alpha therapy led the ASsessment in Ankylosing Spondylitis (ASAS) International
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Working Group (Braun 2003) and the Spondyloarthritis Research Consortium of

Canada (Maksymowych 2003) to develop recommendations for the use of TNF-

alpha inhibitors.

At this time it is appropriate to conduct a systematic review of randomized controlled
trials of TNF-alpha inhibitors to try to better quantify the benefits and potential

harms of their use.

Objectives

To summarize the efficacy and safety of infliximab, etanercept and adalimumab
(TNF-alpha inhibitors) for the short-term and long-term treatment of ankylosing

spondylitis.

Methods

Criteria for considering studies for this review
Types of studies
To assess efficacy and adverse effects, we included randomized controlled trials

(RCT5).

To further assess adverse effects, we included the following types of studies as long
as they reported at least one year of follow-up for patients on anti-TNF agents, had a
sample size > 100 patients (EMEA 2005; Gartlehner 2006), and reported an included

outcome: controlled clinical trials (CCTs), cohort studies (prospective (e.g. long-
term extension of RCT) or retrospective), case-control studies, case-series, and

published registry data.

We defined "short-term™ efficacy and adverse effects less than six months duration

and "long-term" efficacy and adverse effects as longer than six months.

Types of participants
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Studies of patients meeting the following AS classification criteria were included:
1961 Rome, 1966 New York, or modified 1984 New York. No additional restrictions
in studies with regard to age of patients, past or present (co-)medication or AS-
related comorbidity were applied. Studies on spondylarthropathies that mention AS
patients as a subgroup were included as far as the subgroup was properly randomized
and outcome measures were available specifically for the AS subgroup. Patients on
other medications and with or without AS-related co-morbidity (e.g. peripheral joint
impairment, IBD, psoriasis) were included. There was no age restriction.

Types of interventions

o Adalimumab versus placebo, other medications, or usual care
o Etanercept versus placebo, other medications, or usual care
« Infliximab versus placebo, other medications, or usual care

There were no restrictions with regard to dosage or concomitant treatments in the

placebo group (for example, physical exercises and/or NSAIDs).
Types of outcome measures

Primary and secondary outcome measures were based on the disease-controlling
anti-rheumatic treatment (DC-ART) Ankylosing Spondylitis Working Group Core

Set (van der Heijde 1997) and the International ASAS consensus statement for the

use of TNF-alpha inhibitors in patients with AS (Braun 2003). Secondary outcomes
were the proportion of responders based on either the ASAS measures (ASAS 20
(Anderson 2001), ASAS 40 and/or ASAS 5 of 6 (Brandt 2004)), or on any

alternative response criteria formulated by the authors. Additional outcomes

including quality of life measures, other imaging outcomes and reduction of other
medications were also recorded. Specific adverse effects of interest were collected
(as listed below), as well as the total number of adverse events, total number of
serious adverse events, total number of withdrawals, number of withdrawals due to

adverse events and withdrawals due to inefficacy.

Primary outcomes:
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o Disease activity (BASDAI)

e Physical function (BASFI)

e Spinal Pain

o Spinal stiffness (duration of morning stiffness)
e Spinal mobility

« Patient global assessment

« Peripheral joint/enthesis inflammation

e Changes in spine radiographs

o Fatigue

« Acute phase reactants (erthyrocyte sedimentation rate (ESR), C-reactive
protein (CRP))

Adverse effects:

o Total withdrawals

« Withdrawals due to adverse effects

« Total adverse events

« Total serious adverse events (as defined by the authors)

« Specific adverse events: headache, diarrhea, nausea, infections

o Specific serious adverse events: serious infections, tuberculosis, lymphoma,
hepatotoxicity, chronic or congestive heart failure, injection reactions,
autoimmunity symptoms and disorders, demyelinating disease (Lee 2005)

« Mortality

Secondary outcomes:

e ASAS 20 response

e ASAS 40 response

e ASAS 5 out of 6 response

o Changes in hip radiograph

« Physician global assessement

e Quality of life

e MRI evidence of suppression of inflammation
« Reduction of steroid or NSAID use

o Withdrawals due to inefficacy
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The criteria for an ASAS 20 response are: at least a 20% improvement with a
minimum of 10 units (0 to 100 scale) in at least three of four domains (pain,
function, inflammation as measured by morning stiffness, and patient global
assessment), with no worsening in the fourth domain by 20% and 10 units. The
ASAS 40 response represents improvement of at least 40% and absolute
improvement of at least 20 units compared with baseline in at least 3 of the 4
domains of the ASAS 20 criteria, with no deterioration in the remaining domain.
Partial remission is defined as a value of less than 2 on a 0-10 scale in each of the 4
domains of the ASAS 20.

ASAS 5/6 response criteria require at least 20% improvement in 5 of 6 domains:
spinal mobility (according to the Bath Ankylosing Spondylitis Metrology Index
[BASMI];other instruments may be used) and acute-phase reactants (the CRP
concentration) in addition to the 4 domains included in the ASAS 20 response
criteria. The BASMI is a composite index with a range of 0 to 10, based on a 0 to 2-
point scale for each of 5 clinical measurements: tragus-to-wall distance (in cm),
anterior lumbar flexion (modified Schober's test; in cm), lumbar side flexion (in cm),

intermalleolar distance (in cm), and cervical rotation (in degrees).

The outcomes listed above were chosen in 2005 when the protocol for this review
was published. Since then, further work on outcome measures has been conducted by
the ASAS Working Group. In discussion with experts from the ASAS Working
Group, the following outcomes were chosen to be included in the Summary of
Findings (SoF) table: ASAS partial remission, BASFI, ASAS 40, MR, serious
adverse events, withdrawals due to adverse events, and radiographic progression. For
etanercept, we combined the results from trials using administration schedules of 25

mg twice a week and 50 mg once a week.

Search methods for identification of studies

The Cochrane Musculoskeletal Group trial search coordinators assisted with the
development of the search strategies. The following electronic databases were
searched: MEDLINE (1966 to January 26, 2009); EMBASE (1980 to January 26,
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2009); The Cochrane Library ( (Issue 4, 2008) including the following databases:
Cochrane Central Register of Controlled Trials (CENTRAL), Cochrane Database of
Systematic Reviews (CDSR), Database of Abstracts of Reviews of Effects (DARE),
Cochrane Library Health Technology Assessment Database (CLHTA), and NHS
Economic Evaluation Database (NHS EED); ACP Journal Club (January 26, 2009);
CINAHL (1982 to January 26, 2009); I1SI Web of Knowledge (1900 to January
2009). An updated search from 2008 to March week 3, 2010 was run in Ovid
MEDLINE(R) and EMBASE.

The MEDLINE search strategy is listed below. The other search strategies are
available in Appendix 1.

Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid
MEDLINE(R) <1950 to Present>

1 exp spondylitis, ankylosing/

2 exp spondylarthropathies/

3 (ankylosing or spondyl$).tw.

4 (bekhterev or bechterew).tw.
S4orlor3or?2

6 exp Receptors, Tumor Necrosis Factor/
7 exp tumor necrosis factor/

8 exp Antibodies, Monoclonal/

9 anti-tumo?r necrosis factor$.sh,rn,tw.
10 antitumo?r necrosis factor$.sh,rn,tw.
11 anti-tnf.sh,rn,tw.

12 antitnf.sh,rn,tw.

13 etanercept.sh,rn,tw.

14 enbrel.sh,rn,tw.

15 infliximab.sh,rn,tw.

16 remicade.sh,rn,tw.

17 adalimumab.sh,rn,tw.

18 humira.sh,rn,tw.

19 or/6-18

205 and 19

21 randomized controlled trial.pt.

22 controlled clinical trial.pt.

23 randomized.ab.

24 placebo.ab.

25 drug therapy.fs.

26 randomly.ab.

27 trial.ab.
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28 groups.ab.

29 27 or 25 or 28 or 21 or 26 or 22 or 24 or 23
30 (animals not (humans and animals)).sh.

31 29 not 30

3220 and 31

33 from 32 keep 1-10

The reference sections of retrieved articles were reviewed. Authors of relevant
papers and experts in the field were contacted regarding any further published or
unpublished work. Conference proceedings from the American College of

Rheumatology (ACR) and European Congress of Rheumatology meetings (EULAR,

http://www.abstracts2view.com/eular/ textword search: ankylosing AND etanercept
OR infliximab OR adalimumab) were hand searched (by a single author, LM) from
2005 to 2009 for both efficacy and harms. There was no language restriction.

An updated search was run from 2008 to March 31, 2010 (March week 3) of
MEDLINE, Pre-MEDLINE and EMBASE (see search strategy in Appendix 2).
References of review articles picked up in this search were screened to ensure no
studies were missed. In addition, we searched specifically for full-text articles for

any abstracts that were included from the earlier search.

A separate search was conducted for adverse events to May 2009. The search
strategies are reported in Appendix 3.

For safety assessments, we searched the websites of the regulatory agencies (US
Food and Drug Administration-MedWatch
(http://www.fda.gov/Safety/MedWatch/default.htm) , European Medicines
Evaluation Agency (http://www.emea.europa.eu), Australian Adverse Drug
Reactions Bulletin (http://www.tga.gov.au/adr/aadrb.htm ), and UK Medicines and

Healthcare products Regulatory Agency (MHRA) pharmacovigilance and drug
safety updates (http://www.mhra.gov.uk); (note '‘Current Problems in

Pharmacovigilance' was superseded by 'Drug Safety Update' in July 2007) using the

99 ¢ nn

terms “ankylosing spondylitis,” “adalimumab,” "humira", "etanercept”, "enbrel”,

"infliximab", and "remicade” on April 1, 2010.

54


http://www.abstracts2view.com/eular/
../../Emergency%20BACKUP/02
../../Emergency%20BACKUP/03
http://www.tga.gov.au/adr/aadrb.htm

Published reports from known national biologic registers (British Society for
Rheumatology Biologics Register, Danish Biologic Register (DANBIO), the
Register of Biological Treatment in Finland (ROB-FIN), the Spanish Society of
Rheumatology's BIOBADASER, and Australian Rheumatology Association

Database for biologics (ARAD) were also considered for inclusion.

Data collection and analysis

Study selection

Results of the search strategy were independently reviewed by two people (JZ, JS,
LM, BD). Abstracts were reviewed and if more information was required to
determine whether the trial meets the inclusion criteria, the full text was obtained.

Disagreement was resolved by a third author (AB).

Data extraction

Data was independently extracted from the included trials by two reviewers (JZ, LM)
and entered into RevMan 5.0. Data extraction forms were pilot-tested on a selection

of trials. The authors of the primary studies were contacted to obtain additional data.
The following data was extracted:

o General study information such as title, authors, contact address, publication

source, publication year, country, study sponsor

« Characteristics of the study: design, study setting, inclusion/exclusion criteria,
risk of bias criteria (e.g. randomization method, allocation procedure, blinding

of patients, caregivers and outcome assessors)

« Characteristics of the study population and baseline characteristics of the
intervention and control groups (age, sex, type of classification criteria,
duration of disease, presence of co-morbidity and peripheral disease,
concomitant treatments, BASDAI, BASFI, patient global assessment) and

numbers in each group
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« Characteristics of the intervention, such as treatment comparators, dose,
method of administration, frequency of administration and duration of

treatment
o Outcomes measures as noted above

e Results for the intention to treat population (where possible), outcome
measures at the end of the placebo phase, and any summary measures with

standard deviations, confidence intervals and p-values where given

Assessment of risk of bias: RCTs

The risk of bias of the included RCTs was assessed by two independent reviewers
(LM, JZ). As recommended by the Cochrane Handbook (Higgins 2008), the

following methodological domains were assessed:

1. Sequence generation - was the method used to generate the allocation sequence
appropriate to produce comparable groups?

2. Allocation sequence concealment - was the method used to conceal the allocation
sequence appropriate to prevent the allocation being known in advance of, or during,
enrolment?

3. Blinding of participants, personnel and outcome assessors - were measures used to
blind study participants, personnel, and outcome assessors from knowledge of which
intervention a participant received?

4. Incomplete outcome data - how complete was the outcome data for the primary
outcomes? Were dropout rates and reasons for withdrawal reported? Was missing
data imputed appropriately? We considered an overall completion rate of 80% or
higher as a low risk of bias. If completion rates were only provided by group, a less
than 80% completion rate in the treatment group was considered a high risk of bias.
5. Selective outcome reporting - were appropriate outcomes reported and were any

key outcomes missing?

The following two criteria are specific to assessment of adverse effects:
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6. Ascertainment of outcome - did the researchers actively monitor for AEs (low risk
of bias) or did they simply provide spontaneous reporting of AEs that arise (high risk
of bias)?

7. Definition of adverse outcomes- were definitions provided for general ‘adverse

event' or 'serious adverse event'?

Each of these criteria was explicitly judged using: Yes=low risk of bias; No=high
risk of bias; Unclear= either lack of information or uncertainty over the potential for

bias.

Assessment of risk of bias: non-RCTs

For the non-RCTs included in this review, the risk of bias was assessed using the
following criteria from the Newcastle-Ottawa Scale (NOS) (Wells) for cohort
studies. Each study is rated as follows: a study can be awarded a maximum of one
star for each numbered item within the Selection and Outcome categories. A

maximum of two stars can be given for Comparability:
Selection

1. Representativeness of the exposed cohort

2. Selection of the non exposed cohort

3. Ascertainment of exposure

4. Demonstration that outcome of interest was not present at start of study

Comparability
1. Comparability of cohorts on the basis of the design or analysis
Outcome

1. Assessment of outcome
2. Was follow-up long enough for outcomes to occur

3. Adequacy of follow-up of cohorts
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Since the included non-RCT studies were all extension studies from RCTs, there was
no control group. We decided that the NOS criteria assessed the important potential
risk of bias criteria concerning these studies with the exception of two criteria which
were not applicable to a single-group cohort; namely 'selection of the non-exposed

cohort' and ‘comparability of cohorts on the basis of the design or analysis'.

Given the lack of a control group, one could consider these extension studies as
having the design features of a case-series study. We searched for risk of bias tools
to assess case-series and found the following guidance on criteria for assessing case-
series in the CRD guidance for systematic reviewers (Khan 2001):

Case series

1. Is the study based on a representative sample selected from a relevant population?
2. Are the criteria for inclusion explicit?

3. Did all individuals enter the survey at a similar point in their disease progression?
4. Was follow-up long enough for important events to occur?

5. Were outcomes assessed using objective criteria or was blinding used?

6. If comparisons of sub-series are being made, was there sufficient description of

the series and the distribution of prognostic factors?

Since these concepts are covered in the NOS, which is a validated scale, we decided

to use the NOS to assess the extension studies included in this review.

Data analysis
Results from the three biologics was analyzed separately. One analysis pooled

adverse effects data from all three anti-TNF agents to assess for a class-effect of
TNF-blockers. The results of the studies were analyzed using RevMan 5.0. Data was
summarised using meta-analysis when it was sufficiently homogeneous, both
clinically and statistically. Continuous data is expressed as weighted mean difference
(WMD) or standarized mean difference (SMD) (depending on similarity of scales).
Dichotomous data is expressed as relative risk (RR), unless the data consisted of rare
events (<10%) and then the Peto OR was used. The Peto OR is not recommended

when there is a severe imbalance in the number of people in the treatment groups
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(Bradburn 2007), and we used the rule of thumb as suggested in Systematic Reviews

in Health Care (p.295, Egger 2001), that this is a concern when there is four times or
more as many participants in one group as another. We made a post-hoc decision to
check the robustness of estimates obtained by Peto OR by also using the Mantel-

Haenzsal OR with the standard continuity correction of 0.5.

Heterogeneity of the data was tested for using the I-squared statistic (Higgins 2003).
A value greater than 50% may be considered substantial heterogeneity. In the
absence of significant heterogeneity, a fixed effects model was used, otherwise a
random effects model was used for analysis. Where available, the analyses was
based on intention-to-treat data from the individual studies. We planned to undertake
visual inspection of funnel plots to assess publication bias; however, the few studies

combined for individual outcomes made this rather difficult.

Summary of Findings tables were compiled to improve the readability of the review.
For dichotomous outcomes, such as complications, the number needed to treat was
calculated from the control group event rate and the relative risk using the Visual Rx
NNT calculator (Cates 2003). For continuous outcomes, the absolute benefit was
calculated as the improvement in the intervention group minus the improvement in
the control group, in the original units. Relative difference in the change from
baseline was calculated as the absolute benefit divided by the baseline mean of the
control group. The NNT for continuous measures was also calculated using the
Wells calculator (available at the CMSG Editorial office). The outcomes included in
the SoF table are: ASAS partial remission, BASFI, ASAS 40, MRI, serious adverse
events, withdrawals due to adverse events, and radiographic progression. These were
decided upon in consultation with five experts in AS. For etanercept, we combined
the results from trials using administration schedules of 25 mg twice a week and 50

mg once a week.

The following sub-group analyses were planned a priori in order to explore possible
effect size differences:
1. Intervention - different dosage, trial duration

2. Characteristics of participants - different AS classification criteria; severity of
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baseline disease (based on BASDAI, BASFI); age; disease duration; sex; with or

without peripheral joint involvement.

Sensitivity analysis were pre-specified to assess the effect of study quality (proper
generation of randomization sequence, adequate allocation concealment and

blinding) on the overall estimates of effect.

We made a post-hoc decision to present the results both separately and combined for
etanercept trials which used either 25 mg adminstered twice a week or 50 mg

administered once a week. The results from the van der Heijde 2006b study showed

these doses to be equivalent in both efficacy and safety.
Transformations

The following transformations were performed for the purpose of entering data into
RevMan: when the median change from baseline and interquartile range (IQR)
change from baseline were reported (as in van der Heijde 2005), the median change

was assumed to be the mean change and the standard deviation was calculated as the

IQR at baseline divided by 2 and this SD assumed for the end of study score.

Where the variance for the change from baseline was provided in the in the study
report as the standard error of the change, the end of study score was calculated and

the baseline SD was assumed for the end of study SD (van der Heijde 2006a).

In Davis 2003, the standard error of the mean (SEM) was transformed to SD by the
calculation SD=SEM *sqgrt(N). In Gorman 2002, the median was assumed for the

mean for continuous efficacy outcomes.

Indirect comparisons

A recent report for the Canadian Agency for Drugs and Technology in Health
(CADTH) (Wells 2009) provides an overview of various methods used to provide
indirect evidence of treatment effects in the comparison of two different treatments

when direct evidence is not available.
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Three different methods of indirect comparisons were used to obtain summary
estimates for comparisons of etanercept versus infliximab, adalimumab versus
etanercept; and adalimumab versus infliximab, and to compare and contrast the

results from these different methods:

1) the Bucher Adjusted Indirect Treatment Comparison (ITC) approach ( Bucher
1997), using the ITC software designed for the Wells 2009 report;

ii) the Generalized Linear Mixed Models (GLIMMIX) approach;

iii) the Mixed Treatment Comparisons (MTC) approach (also referred to as "network

meta-analysis")
The GLIMMIX and MTC methods also provide refined placebo-estimates.

All three methods utilize techniques to preserve the randomization inherent in the
RCTs. That is, they avoid the “naive” method of pooling the results across trials
from the different treatment arms of interest and then comparing the results of
treatment A versus treatment B versus treatment C. This naive method ignores the
randomization that was present in the original RCTs and introduces biases expected
in an observational cohort (i.e. potential confounders are no longer likely to be

randomly distributed between the treatment groups) (Bucher 1997;Wells 2009).

In the Bucher model, the magnitude of the effect measures that result from the RCTs
comparing treatment A to placebo and treatment B to placebo are compared to
provide an adjusted indirect comparison of treatment A to treatment B.

OR (ag)/OR (cB)=OR (ac INDIRECT)

Using a Bayesian framework, the MTC method provides a refined estimate of the
treatment effect by combining the information from the direct and indirect data to

strengthen the precision of the estimate of effect.

An extension to the generalized linear model is the "generalized linear mixed model

(GLMMIX)". In this model, the linear predictor contains random effects in addition
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to the usual fixed effects and these random effects are usually assumed to have a

normal distribution.

Assumptions assessed were: i. homogeneity; ii. trial similiarity; iii. consistency of

evidence

We used the back-calculation method (Dias 2010) to assess the consistency between

direct and indirect estimates. The indirect estimate is compared to the direct estimate
and this measure of discrepancy can then be applied to a standard normal distribution
test statistic to answer the null hypothesis that there is no difference between the

direct and indirect estimates.
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Results

Description of studies
Results of the search

The search of the electronic databases listed in the methods section for RCTs
resulted in 2445 records. After de-duplication, there were 1644 records left to screen.
60 records were assessed more in-depth to see if they met the inclusion criteria. Two
additional articles were included from handsearching EULAR abstracts on their

website.

There were some abstracts from conference proceedings that were later published as
full-text articles. In this case, only the full-text article was included; however, if the
abstract provided additional important information that was not provided in the full-
text article, then the data from the abstract was also included. Some trials had more
than one publication with the secondary publications reporting on other outcomes

such as health-related quality of life, patient-reported outcomes, or MRI data.

After assessing all the records, we included 15 trials, with 24 published articles
(either abstracts or full-text articles) related to those trials. The additional articles
relating to a trial are listed as secondary references in the reference section. Data

from seven abstracts from conference proceedings were included in this review.
A flow chart of the RCT search results is provided in Figure 9.

A separate electronic search was conducted for non-RCTSs to assess adverse events.
There were 2053 records identified and 550 duplicates removed which left 1503
records for screening. Eighty-six records were assessed in more detail to determine if
they met the review's inclusion criteria. Four full-text articles met the review's
inclusion criteria. Two additional abstracts were obtained through handsearching the
ACR and EULAR conference proceedings. All were single-cohort extension studies

from RCTs included in this review.

A flow chart of the non-RCT search results is provided in Figure 10.
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Included studies

Further details on each included study are available in the Characteristics of included

studies table.

Included studies

Fifteen RCTs met the inclusion criteria with a total of 2,459 participants. 303 people
received inflixmab (Braun 2002; Inman 2010; van der Heijde 2005) (28 in
combination with methotrexate (Marzo-Ortega 2005); 995 received etanercept
(Barkham 2008; Brandt 2003;Braun 2008; Calin 2004;Davis 2003; Gorman 2002;
Huang 2008; van der Heijde 2006b) and 246 received adalimumab (Lambert
2007;van der Heijde 2006a). One study was an open-label head to head study of
etanercept (N=25) and infliximab (N=25) (Giardina 2009).

Additional data

Additional data was received from the trial authors for the following studies: Brandt
2003;Braun 2002 Calin 2004; Davis 2003 (though we were unable to use data from

Davis 2003 since variance was not provided in the additional information received).

This was mainly to obtain data on clinical endpoints where the published results for
continous outcomes had been reported as a statistic different from the mean and SD
which is required for entry into RevMan. Additional details were also sought to

clarify risk of bias items from some authors (Davis 2003; van der Heijde 2006a).

Non-RCT data for assessment of adverse effects

Open-label extension studies occurred at the end of the RCTs noted below, in which
all patients who had entered the study (i.e. both the treatment and placebo groups)

were eligible to receive the study drug during a follow-up study.

Open-label extension-etanercept

There were two published follow up studies of the Davis 2003 trial. In 2005, Davis
published an article on 257 people who were followed up for 72 weeks after the 24
week RCT (total 96 weeks) and in 2008 a full-text article was published on the 168

week results of this open-label extension (total 192 weeks).
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Extension and open-label extension- infliximab

Two-year results from the follow-up of the van der Heijde 2005 RCT were published
in a full-text article (Braun 2008). Patients remained blinded during the extension
phase of this trial. Two abstracts were found on the follow up of the EASIC cohort,
at one and two years, which was an extension of the ASSERT trial (Heldmann 2008
and Heldmann 2009). However, the 2008 abstract did not report separately on those
patients who received continuous infliximab treatment in the 1.3 years between the
end of ASSERT and start of EASIC. Therefore, we did not include data from this

abstract.
Open-label extension- adalimumab

Two- and three-year open-label extension data from the van der Heijde 2006a trial

were reported in a full-text article (van der Heijde 2009) and an abstract (van der
Heijde 2008).

Participants

The majority of participants were Caucasian males in their early 40s. The percent of
male participants in the treatment groups ranged between 65% to 80%, and 74% to
100% in the control groups. The mean age ranged from 38 to 45 years in the
treatment groups and 39 to 47 years in the control groups. Between 75% and 98% of
the participants in the treatment groups were white with a similar distribution in the
control groups (70% to 97%).

The mean disease duration in the treatment groups ranged from 8 to 16 years, and 10

to 17 years in the control groups.

Interventions

Etanercept

Four RCTs, assessed etanercept (Brandt 2003; Calin 2004; Davis 2003; Gorman
2002) at a dosage of 25mg twice weekly delivered subcutaneously against placebo.

The dosage in Huang 2008 was 50mg once weekly versus. van der Heijde 2006b

assessed 50mg once weekly versus 25mg twice weekly versus placebo. Braun 2008

compared 50mg once weekly to 3g daily of sulphasalazine. The dosage was not
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reported in the Barkham 2008 abstract. The length of treatment ranged from 6 weeks
(Brandt 2003 and Huang 2008) to 24 weeks (Davis 2003).

Concomitant therapy

Brandt 2003 allowed NSAIDs at the same or less dosage at baseline; Calin 2004
allowed pre-study physiotherapy; Davis 2003; Gorman 2002, and van der Heijde
2006b allowed stable dosages of DMARDs, NSAIDs, and oral corticosteroids; and

Huang 2008 allowed stable DMARDs dosages.
Infliximab

Braun 2002 assessed infliximab at 5 mg/kg intraveneously at weeks 0, 2, and 6. van

der Heijde 2005 delivered this same dosage of infliximab at weeks 0, 2, 6, 12 and 18

weeks. Inman 2010 evaluated infliximab at 3 mg/kg delivered at weeks 0, 2, and 6.

Marzo-Ortega 2005 assessed infliximab (5 mg/kg) in combination with methotrexate

against placebo plus methotrexate.
Concomitant therapy

In both Braun 2002 and van der Heijde 2005, patients were allowed to continue on

stable doses of NSAIDs. It appears concomitant therapy of NSAIDs, corticosteroids,
analgesics, and DMARDSs were allowed as long as doses remained stable in the

Inman 2010 study. Marzo-Ortega 2005 allowed concomitant use of NSAIDs or oral

corticosteroids.
Adalimumab

Two studies assessed adalimumab: Lambert 2007 and van der Heijde 2006a at 40 mg

every other week for a 24 week period.
Concomitant therapy

Lambert 2007 did not mention concomitant therapy. In van der Heijde 200643,

patients were allowed to continue sulfasalazine (3 gm/day), methotrexate (25
mg/week), hydroxychloroquine (400 mg/day), prednisone or prednisone equivalent
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(10 mg/day), and NSAIDs, if the dosage had remained stable for at least 4 weeks

before the baseline visit.

Outcomes

All studies used the outcomes recommended by the ASAS working group. The
primary outcome in two studies was the BASDAI >=50% (Brandt 2003; Braun
2002) and the ASAS 20 in ten studies ( Braun 2008; Calin 2004; Davis 2003;
Gorman 2002; Huang 2008; Inman 2010; Lambert 2007; van der Heijde 2005; van
der Heijde 2006a; van der Heijde 2006b). The change in BASDAI score was the
primary outcome in Marzo-Ortega 2005.

In Barkham 2008, the primary outcome was a change in the work instability of

patients after 3 months as measured by the AS WIS scale.

In the abstract of Giardina 2009, the primary outcome was stated to be the proportion
of patients achieving a 50% BASDAI response at week 102; Secondary: ASAS 50;
BASFI, back pain, morning stiffness, CRP, spinal mobility. However, in the full-text
article, the outcome defined as primary is not stated, and the 50% BASDAI response
is not reported. ASAS 20 and 40, BASDAI, BASFI and AE were reported.

Source of funding
van der Heijde 2005 was supported by Centocor. Braun 2002 was funded by a grant

from the German Minstry of Research and by Essex Pharma who provided the study
drug. Inman 2010 did not report the funding source in the abstracts but the trial
protocol states the study was sponsored by Schering-Plough. Marzo-Ortega 2005

reported that the study was supported by a grant in aid from Schering-Plough, UK.

Brandt 2003 was supported by a grant from the German Minstry of Research and by
Wyeth Pharma who provided the study drug. Calin 2004 was funded by Wyeth
Research. Gorman 2002 was funded by the National Institute of Arthritis and
Musculoskeletal and Skin Diseases and Immunex. The trial report states that
Immunex was "not involved in the study design, data collection, statistical analysis,
or manuscript preparation”. Davis 2003 was supported by Immunex Corporation. van

der Heijde 2006b was supported by Wyeth Pharmaceuticals (study drug and grants to
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investigational sites). Barkham 2008 and Huang 2008 did not report the source of

funding in their abstract.

van der Heijde 2006a and Lambert 2007 were sponsored by Abbott Laboratories.

Braun 2008 and Giardina 2009 did not list any source of funding.

Excluded studies

Six studies were excluded after assessing the full-text article. The Characteristics of

excluded studies table provides more details for the exclusions. Briefly, the
participants in three studies (Barkham 2008b; Breban 2008; Haibel 2008) did not
meet the review's inclusion criteria; the intervention in Li 2008 assesses the effect of

methotrexate, not infliximab; the outcome in Visvanathan 2008 is not of interest to

this review; and there is no separate information provided for anklyosing spondylitis

patients in Van den Bosch 2002 (and we were unable to obtain this from the author).

Risk of bias in included studies

Additional information was received from authors on methodology and data for
Davis 2003; Gorman 2002; and van der Heijde 2006a.

The following RCTs were reported as abstracts and did not provide enough
information in the abstracts to make a judgement about risk of bias. They were all
judged to be at ‘unclear’ risk of bias. Barkham 2008; Braun 2008; and Huang 2008.

Sequence generation
Calin 2004; Giardina 2009; Inman 2010; Lambert 2007; van der Heijde 2005; and

van der Heijde 2006b did not provide any information regarding sequence generation

so the judgement was 'unclear'. The six other studies provided evidence of
appropriate generation of the randomization sequence.

Allocation
Calin 2004, Giardina 2009; Inman 2010; Lambert 2007; van der Heijde 2005; and

van der Heijde 2006b did not provide information regarding the method of allocation
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concealment. The six other studies provided evidence of appropriate concealment of

allocation of the randomization sequence.
Blinding of patient assessed outcomes

Braun 2002, Brandt 2003; Calin 2004; Davis 2003; Gorman 2002; and van der
Heijde 2005 reported the patient was blinded. We were unclear about the methods of
blinding in Inman 2010;Lambert 2007; Marzo-Ortega 2005; van der Heijde 20064a;

and van der Heijde 2006b which were reported as "double blind". There was no

blinding in Giardina 2009 which places it at a higher risk of bias.

Blinding of physician reported outcomes

Braun 2002, Brandt 2003; Davis 2003; Gorman 2002; Lambert 2007 ; van der Heijde
2005; and van der Heijde 2006a reported investigator was blinded. Calin 2004 did
not specify who other than the patient was blinded and physician blinding was

unclear in Inman 2010; Marzo-Ortega 2005 and van der Heijde 2006b. There was no

blinding in Giardina 2009 which places it at a higher risk of bias.

Incomplete outcome data

All trials were judged to be at low risk of incomplete outcome data bias for efficacy
outcomes. Inman 2010 may be at a higher risk of bias because safety data wasn't
provided for the 12 week RCT portion, only for the combined RCT and open-label
phase. Lambert 2007 was judged to be unclear since safety data was not reported in

the main article and only briefly mentioned in an abstract.
Selective outcome reporting

Most of the trials were judged to be at low risk of selective outcome reporting bias,

with the exception of Giardina 2009. In Giardina 2009, the abstract we found first for

this trial had the primary outcome listed in the abstract as the proportion of people
achieving a 50% response in BASDAI. However, the full-text article does not report
this outcome. We could not find a protocol for this trial. In terms of risk of bias for

selective adverse event reporting, Inman 2010 and Lambert 2007 were judged as

‘unclear’ given the lack of specifics provided on harms data.
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Method of adverse event monitoring

The following studies stated that the patients were monitored (though few details on
the specifics of the monitoring were provided) for adverse events. These were judged
to be at low risk of bias: Calin 2004; Davis 2003; Giardina 2009; Gorman 2002;
Huang 2008; and van der Heijde 2006a. The rest of the studies did not mention how

the patients were monitored for adverse events and were judged as an ‘unclear’ risk of

bias.
Definition of serious adverse event provided

The following studies used a common grading system, though the specific definition
of SAE was not provided in the articles: Davis 2003 Gorman 2002; Inman 2010.

These were judged to be at low risk of bias. van der Heijde 2005 and van der Heijde

2006a did not provide general SAE definition, but each SAE was clearly explained
in the published report. The other studies did not report their definition of 'SAE' and

were judged to be at an unclear risk of bias.

Risk of bias for non-RCTs

There were six non-RCTs articles (Davis 2005 and 2008 from the Davis 2003 RCT),
(van der Heijde 2008 and 2009 from the van der Heijde 2006a RCT) and Braun 2008
and Heldmann 2009 from the van der Heijde 2005 RCT) included in this review to
assess the potential harms of anti-TNF treatment in ankylosing spondylitis. They

were all follow-on, or extension studies of RCTs. Four were reported in full-text
articles and two were conference abstracts. All but Braun 2008, were judged to be at
an overall high risk of bias. Braun 2008 was judged to be moderate, mainly due to
the continued blinding of patients in the extension period. Figure 11 summarizes
each of the judgments of the non-RCTs using the Newcastle-Ottawa cohort scale.
Table 1 provides the definitions for serious adverse events reported in the articles

and the methods of ascertainment.
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The items of 'Selection of the Non-Exposed Cohort' and ‘Comparability of Cohorts
on the Basis of the Design or Analysis' were marked as not-applicable since there

was only a single cohort in these extension studies (i.e. no control group).
Selection

1. Representativeness of the exposed cohort: no study received a point for this item.
Participants entering the RCT phase of the study were already a highly select group

of participants, with various co-morbidities excluded (see Characteristics of included

studies for more details). Those who then continued in the extension phase would
have been participants who did not have a significant adverse event during the RCT-
phase. Therefore, the participants exposed to anti-TNF agents for a follow-up period
were judged to be at a high risk of bias how representative they may be to those in

the community who may be taking this treatment.

2. Ascertainment of exposure: none of the published articles stated how they
ascertained that participants in the extension study were taking the anti-TNF therapy

as prescribed, therefore this criterion was judged to be at a high risk of bias.

3. Demonstration that outcome of interest was not present at start of study: Given the
strict exclusion criteria for entering the RCT phase, we judged that the specific
adverse events of interest to us such as tuberculosis, infection, congestive heart
failure, and malignancy probably would not have been present at the start of the
RCT. As well, if such an event occurred during the preceeding RCT phase, it would
have been captured. The Heldmann 2009 study was more difficult to assess because
there was a lag period of 1.3 +/-0.9 years (on average) between the end of the
ASSERT RCT and the start of the EASIC cohort study so this was judged as not

meeting the criteria and therefore at a higher risk of bias.
Outcome

1. Assessment of outcome: in all extension studies, except for the Braun 2008
extension study, patients and investigators were not blinded to the intervention.

Although some diagnostic bias may exist (i.e. physicians may look more closely for
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adverse events such as malignancy given the existing concern about this adverse
event), we judged that given the nature of the adverse effects of interest, and the
broad awareness of the existing concern of these adverse events with anti-TNF
therapy, that the risk of bias is low.

2. Was follow-up long enough for outcomes to occur: we judged all studies to have
adequate length of follow up (approximately 1.5 to 5 years) to assess most of our
side effects of interest; though for some events like malignancies, this follow-up time

is still quite short.

3. Adequacy of follow up of cohorts: in van der Heijde 2009, 83.9% received
adalimumab treatment to 2 years and in Braun 2008, 82.6% completed 102 weeks
on infliximab. Heldmann 2009 did not report the number of people completing 5
years in the continuous-infliximab group. We gave a point to those studies with a

follow-up rate of 80% or greater.
Effects of interventions

The primary outcomes for this review were based on the disease-controlling anti-
rheumatic treatment (DC-ART) Ankylosing Spondylitis Working Group Core Set
(van der Heijde 1997). The review prespecified that outcomes measured at six

months or less would assess short-term results and greater than six months would
assess long-term results; however, all outcomes in the placebo-controlled trials were
reported at six months or less. Note that the definitions of "serious adverse event™ as
defined in the trials are listed in Table 1.

A summary of findings table provides an overview of the results for important
outcomes for all three biologics (Figure 12)

Etanercept (25mq twice weekly) versus placebo

Efficacy

Five studies assessed the effect of etanercept 25mg twice weekly versus placebo:
Barkham 2008; Brandt 2003;Calin 2004;Davis 2003; Gorman 2002).
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There was a statistically significant reduction in the BASDAI (0 to 100 scale; higher
scores mean more disease activity) in the etanercept group compared to placebo in a
pooled analysis of two studies at 6 and 24 weeks with a mean difference (MD) -20.9,
95% confidence interval (Cl) -26.2 to -15.7 and the BASFI (0 to 100 scale; none to
severe limitations), MD -16.1, 95% CI -20.1 to -11.2. Spinal pain on a 0 to 100 scale
was also significantly reduced by 24 weeks (MD -21.7, 95% CI -26.8 to -16.7).
Other outcome measures that were statistically significantly improved by 12 weeks
included fatigue, entheseal pain, chest expansion, spinal mobility (as measured by
modified Schober and occiput to wall tests), and morning stiffness. The BASMI, a
measure of spinal mobility, and peripheral joint pain were not statistically
significantly different between groups at 6 weeks, though they clearly favoured the
etanercept group (MD -0.89, 95% CI -2.38 to 0.60 and MD -1.70 (95% ClI, -3.60 to
0.20), respectively).

Patient and physician global assessments were also statistically significantly better in
the etanercept versus placebo group over 16 to 24 weeks (patient global:
standardized mean difference (SMD) -0.79, 95% CI -1.02 to -0.56). Brandt 2003
reported that there was a statistically significant difference (P 0.026) between SF-36
physical component scores at week 6 between treatment and control groups, but no
details were provided. However, in terms of the SF-36 mental component score,

there was no improvement in either group by 6 weeks.

There was a statistically significant greater number of patients who reached a >50%
improvement in BASDAII at six and twelve weeks (relative risk (RR) 3.32, 95% ClI
1.93t0 5.72).

A statistically significantly greater proportion of patients in the treatment group
reached the ASAS 20, ASAS 50, ASAS 50, or ASAS 70 outcomes compared to
placebo by 24 weeks. For the ASAS 40 (based on van der Heijde 2006b ), the RR
was 2.47 (95% Cl, 1.43 to 4.26) and the RR for ASAS 5/6 was 7.71 (4.64 to 12.83),
both in favour of etanercept. In a pooled analysis of 3 studies ( Brandt 2003; Calin
2004; Davis 2003), the RR was 4.38 (95% CI 2.81, 6.83) for the ASAS 50 up to 24
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weeks. The RR for achieving partial remission in the etanercept group compared to
placebo was 3.86, 95% CI (1.93 to 7.70).

A significant proportion of patients in the etanercept group reduced their use of
NSAIDs by 50% at 6 weeks (Brandt 2003), but the confidence interval is wide (RR
10.29, 95% CI 1.48 to 71.40) and there was no difference between groups in those
that stopped use of NSAIDs.

Laboratory outcomes (CRP and ESR) were both statistically significant in favour of
etanercept at 24 weeks. MR outcomes were not assessed in these studies.
Radiographic data was also not reported; which is not unexpected given the short
time frame of these RCTs.

The results for Barkham 2008 were reported in an abstract (dosage not reported and

number of patients in each group not clear so we were unable to include in the meta-
analysis) and etanercept was stated to be statistically significantly better than placebo
in terms of BASDAI, BASFI, ASQoL, and gait velocity at 3 months.

Adverse effects

Adverse effects from RCTs:

Withdrawals due to adverse events (Peto OR 4.03, 95% CI 1.43 to 11.30) and
injection site reactions (RR 3.60, 95% CI 2.41 to 5.38) were significantly more
frequent in the etanercept group. Total numbers of adverse events were not reported
in these studies.

Infections (RR 1.18, 95% CI 0.89 t01.57), serious adverse events (Peto OR 2.00,
95% CI 0.71 to 5.64) and serious infections (Peto OR 2.25, 95% CI1 0.30 to 17.13)
were not significantly different between groups, but the point estimate favoured

placebo.

Withdrawals due to inefficacy and total withdrawals were not significantly different

between etanercept and placebo groups, but the point estimates favoured etanercept.
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There was no significant between-group difference in headaches, diarrhoea, and

nausea.

Most of the studies did not report on tuberculosis, lymphoma, demyelinating disease,
autoimmune disorders, chronic or congestive heart failure, or hepatotoxicity.

However, Davis 2003 reported no tuberculosis and van der Heijde 2006b reported no

lymphoma, demyelinating disease, or autoimmune disorders. Calin 2004 and
Gorman 2002 reported some elevated hepatic enzyme levels, but none were classed

as clinical liver problems.

Adverse effects from open-label extensions (Table 2):

Two open-label extension studies met our inclusion criteria: Davis 2005 and Davis
2008 are extension studies of the Davis 2003 RCT.

At two years, 20.6% of patients experienced an injection site reaction. Five percent
of the participants withdrew due to adverse events and 6.6% experienced serious
adverse events, though only 1.6% withdrew due to serious adverse events. 2%
(5/257) had a serious infection and one person was PPD+ but had no clinical
symptoms of tuberculosis. No deaths or cases of lymphoma or demyelination
occurred. A total of 57/257 (22.2%) withdrew from the 72-week open label

extension.

Davis 2008 reported results at 168 weeks of the OLE. 131/257 (49%) dropped out of
the extension period and 8.2% of those were withdrawals due to adverse events. A
total of 234/257 (91%) participants experienced an adverse event and 12.8% had a
serious adverse event. 22.2% had an injection site reaction. 72.8% of the participants
had an infection, of which 6 (2.3%) were classified as serious. There was one case of

tuberculosis. No deaths or cases of lymphoma or demyelination occurred.

Etanercept (50mg once weekly) versus placebo

Efficacy
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Two studies assessed the effect of 50mg of etanercept once weekly versus placebo:

Huang 2008 at six weeks and and van der Heijde 2006b at twelve weeks. Both

showed a statistically significant response in the etanercept group compared to
placebo in terms of ASAS 20, ASAS 40, and ASAS 5/6. With respect to partial
remission, the pooled RR was 4.41 95% CI (1.99 to 9.76) and the ASAS 40 was RR
3.11, 95% CI1 2.13 to 4.53.

Adverse effects

Adverse effects from RCTs

There was no significant difference between the 50mg etanercept and placebo groups
in terms of the total number of adverse events, serious adverse events, withdrawals
due to adverse events, number of infections or serious infections, headaches,
diarrhea, or nausea. There was a significant increase in injection site reactions in the
etanercept group compared to placebo (RR 5.41, 95% CI1 2.40 to 12.19).

Both Huang 2008 and van der Heijde 2006b reported more elevated hepatic enzyme

levels in the etanercept group, but none were classed as clinical liver problems. van

der Heijde 2006b reported no malignancies, demyelinating disease, or lupus. Heart

failure was not reported.

Etanercept 50mqg weekly versus etanercept 25 mq twice weekly

van der Heijde 2006b performed a double-blind, placebo-controlled non-inferiority
trial with 356 patients to compare the efficacy of the two methods of administration
of etanercept. Both dosing regimens were found to be significantly better than
placebo in terms of ASAS 20, ASAS 5/6, ASAS 40, BASDAI, BASFI, and other
clinical measures. The study also showed that 50 mg once weekly was not inferior to
the usual standard of 25 mg twice weekly in terms of the primary outcome of ASAS
20 response at twelve weeks. As well, patient-reported outcomes such as fatigue,

EuroQOL-5D, and SF-36 scores were similar between the two doses.

Injection site reactions were similar in the 50 mg once weekly and 25 mg twice

weekly groups (20.7% versus 22.7%). Infections were also similar between the two
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groups (22.6% and 22.0%). The percentage of non-infectious serious adverse events
was 5.2% and 4.0% in the 50mg once- and 25mg twice-per-week groups,

respectively. One serious infection occurred in each group.

The authors concluded that "the efficacy and safety of etanercept 50 mg once weekly
was comparable with that of the standard regimen of 25 mg twice weekly in patients
with ankylosing spondylitis.”

Combined etanercept 50mg once weekly or etanercept 25 mqg twice weekly versus

placebo

Given the results of the van der Heijde 2006b study showing that the efficacy and

safety of the two administrative regimes of etanercept were comparable, we
combined studies with these two regimes for the following outcomes included in the
summary of findings table: ASAS 40, partial remission, withdrawals due to adverse
events and serious adverse events. The overall results did not change significantly;
but the confidence intervals were more precise. Data analyses 9.1 to 9.5 show these

results.

Etanercept 50mg weekly versus sulphasalazine (3q) daily

The results for Braun 2008 were reported in an abstract. Statistically significant
results were found for ASAS 20 (RR 1.47 (95% CI 1.26 to 1.71), ASAS 40 (RR 1.85
(95% CI 1.48 to 2.31), and ASAS 5/6 (RR 2.13 (95% CI 1.57 to 2.89) at 16 weeks in
the etanercept compared to sulphasalazine group. BASDAI, BASFI, BASMI,
nocturnal back pain, and modified Schober’s response were all significantly
improved in the etanercept versus the sulphasalazine groups. A second abstract
reported on patient-reported outcomes. Outcomes such as health-related quality of
life (as measured by EQ-5D, SF-36 or ASQoL) were all statistically significantly
improved in the etanercept group compared to the sulphasalazine group at 16 weeks.
In terms of fatigue, the percent change from baseline was 47.1% in the etanercept
group compared to 26.4% in the sulphasalazine group (P<0.001).
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The risk of serious adverse events was no different between etanercept and
sulphasalazine (Peto OR 1.17 (95% CI1 0.33 to 4.14).

Infliximab versus placebo (pooled 3mag/kg and 5ma/kq)

Efficacy

Two studies assessed the effect of infliximab 5mg/kg versus placebo; Braun 2002 at

12 weeks and van der Heijde 2005 at 24 weeks. Inman 2010 evaluated a 12-week

RCT of a lower dose of 3 mg/kg against placebo. There was no significant
heterogenetity of including the 3mg/kg dose with the 5mg/kg dose results so they
were pooled together for dichotomous outcomes (no variance was provided for

continuous outcomes). Separate details for the lower dose are also reported below.

There was a statistically significant reduction in the BASDALI in the infliximab group
compared to placebo in a pooled analysis of two studies ( Braun 2002; van der
Heijde 2005) for 12 and 24 weeks with a MD -2.4, 95% CI -2.57 to -2.13) and the
BASFI, MD -1.91, 95% ClI -2.28 to -1.54. Spinal pain on a 0 to 10 scale was also
significantly reduced by 12 weeks (MD -2.82, 95% CI -3.82 to -1.82). Other
outcome measures that were statistically significantly reduced by 12 weeks included

BASMI, morning stiffness and peripheral joint pain. Fatigue was not statistically

significantly different between groups at 12 weeks in the Braun 2002 study.

Patient and physician global assessments were also statistically significantly better in
the infliximab versus placebo group over 12 weeks (patient global, 0 to 10 scale,
higher worse: MD -3.00, 95% CI -4.12 to -1.88).

There was a statistically significant greater number of patients who reached a >50%
improvement in BASDAII, pooled at 12 and 24 weeks (relative risk (RR) 5.16, 95%
Cl12.90 to 9.20).

A statistically significantly greater proportion of patients in the treatment group
reached the ASAS 20, ASAS 50, ASAS 50, or partial remission outcomes compared
to placebo by 24 weeks. For the ASAS 20 (based on Inman 2010 and van der Heijde
2005 ), the RR was 2.69, 95% CI 1.96 to 3.71 and for ASAS 40, RR 4.01, 95% ClI,
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2.50 to 7.52 and the RR for ASAS 5/6 was 7.62, 95% CI 3.73 to 15.56, all in favour
of infliximab. For partial remission, the relative risk was 17.47, 95% CI 3.42 to
89.14.

For assessment of quality of life, the SF-36 physical functioning score was
significantly better in the infliximab group in a pooled analysis over 12 and 24 weeks
(MD 8.19, 95% CI 6.76 to 9.62) (1-100 scale). There was no difference between

groups in the SF-36 mental health score.

Two abstracts reported on pain and fatigue from the ASSERT trial. The median
percent change in fatigue in terms of VAS scores was 29.4% in the infliximab group
compared to 1.8% in the placebo group (p<0.001) and for pain it was 57.4% versus
6.7% (p<0.001).

A significant proportion of patients in the infliximab group reduced their use of
NSAIDs by 50% at 12 weeks (van der Heijde 2005), (RR 3.09, 95% CI 1.40 to 6.83)

and the result was similar for the outcome of stopped use of NSAIDs. CRP (in

mg/dl) was significantly reduced in the infliximab group compared to placebo (MD -
2.20, 95% CI -2.54 to -1.86)

Radiological changes were assessed using the Bath ankylosing spondylitis radiology
index (BASRI) in Braun 2002 though data was not shown. They found that the
"initial degree of radiological axial changes assessed by the BASRIs was similar in
both groups.™ Interestingly, the study stated that there was "no less benefit in patients
with higher BASRI scores than those with lower scores”; indicating that the amount
of ankylosis did not impact the benefit of infliximab. Radiographic outcome data was

not reported in van der Heijde 2005 and Inman 2010.

MRI data was reported in a secondary publication of van der Heijde 2005 (Braun

2006). The MRI Activity Score was used to assess spinal inflammation as detected
by MRI. The reduction in MRI Activity Score from baseline to week 24 was
significantly greater in the infliximab-treated group (MD -4.42, 95% CI -5.59 to -

3.250n a0 to 138 scale). As well, evidence of ‘some’ (defined as a MRI Activity
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score >1) spinal inflammation by week 24 was 37% in the infliximab group

compared to 73.6% in the placebo group (P<0.001)
Adverse effects

Adverse effects from RCTs:

Withdrawals due to adverse events were not significant between groups but the point
estimate favours placebo (Peto OR 2.76, 95% CI 0.50 to 15.22). Similar results were
found for results pooled at 12 and 24 weeks: total adverse events (RR 1.14, 95% ClI
0.98 to 1.33); serious adverse events (Peto OR 2.47, 95% CI 0.75 to 8.14); and
serious infections (Peto OR 5.10, 95% CI 0.44 to 58.76). However, at 12 weeks,
there was a significant increase in serious adverse events, Peto OR 7.80, 95% ClI

1.07 to 56.65, in data pooled from Braun 2002 and Inman 2010. There was one event

of tuberculosis in the infliximab group in Braun 2002.

There was no statistically significant difference between groups in terms of infusion

reactions, any infection, headache, or diarrhea.

There were no cases of TB, lymphoma, or death in van der Heijde 2005. Liver

enzymes were reported as increased in the infliximab group, but no clinical liver

problems occurred. These outcomes were not reported in Braun 2002 or Inman 2010,

nor did any study report on chronic or congestive heart failure.

Adverse effects from open-label extensions (Table 2):

Results for participants from van der Heijde 2005 were reported in the Braun 2008

article after being followed for an average of 70 weeks of exposure to infliximab in
the original placebo group and 94 weeks of exposure in the original treatment group.
Data was presented separately for the two aforementioned groups. We chose to
present on those that were originally assigned to treatment (N=201) so the total
treatment period covers 102 weeks. 97.5% of patients reported any adverse event and
34/201 (16.9%) reported a serious adverse event. 78.6% of patients had an infection,
and 8 patients (4%) had a serious infection, with pneumonia the most frequent. Two

patients had a malignancy (lung cancer and breast cancer) and 2 patients experienced
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a lupus syndrome. There were no serious infusion reactions, tuberculosis or serious

opportunistic infections, and no deaths.

The EASIC study (Heldmann 2009) was a cohort (N=103) of European patients who
completed the van der Heijde 2005 RCT. There was a 1.3+/-0.9 year lag period after
the ASSERT study finished until the EASIC study began. Fourteen patients did not

take infliximab in this interim period. Data at four years was not provided separately
for those who had been continuously on infliximab versus those who were not, so we
did not include this data. During the two-year EASIC study, 75/89 patients 84% of
patients reported they had experienced any adverse event and there were 230
reported infections, of which 3 were considered serious infections. There were 4

infusion reactions, and no cases of tuberculosis or malignancy.

Low dose infliximab (3mag/kq) versus placebo

Efficacy

Inman 2010 conducted a study on 76 patients to compare the efficacy of infliximab
at 3mg/kg versus placebo. The first twelve weeks were a double-blind placebo phase
and then there was an open-label phase where placebo patients switched to 3mg/kg
infliximab and received infusions at weeks 14, 16, 22 and every 8 weeks afterwards.
Patients were eligible for a dose escalation to 5mg/kg at weeks 22 or 38 if they were

not responding adequately.

Significantly more participants in the infliximab group than placebo achieved an
ASAS 20 response at 12 weeks (RR 1.81, 95% CI 1.02 to 3.22). As well, the ASAS
40, 50, 70, and ASAS 5/6 responses were also significantly better in the infliximab
group versus placebo at week 12. A separate publication (Maksymowych 2010)
reported on spinal inflammation as measured by the SPARCC MRI method found a
large treatment effect in favour of infliximab (mean per cent change based on
evaluation of the most severely affected discovertebral units (6 DVU score) in the
infliximab group for was -55.1% compared to +5.8% in the placebo group, P<0.001).

When the evaluation was based on the entire spine (23 DVU score), the infliximab
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group had a mean reduction of 57.2% compared to 3.4% in the placebo group (p <
0.001).

However, after the 12 week double-blind placebo phase, 68% of patients in the 3
mg/kg infliximab group switched to the 5 mg/kg by 38 weeks because of lack of
efficacy.

Adverse effects

Adverse event data was not presented separately for the placebo-controlled, 12-week
phase, with the exception of one serious adverse event of arthralgia in an infliximab-

treated patient.

Infliximab + methotrexate versus placebo + methotrexate

Efficacy

Marzo-Ortega 2005 assessed the efficacy of adding infliximab (5mg/kg) or placebo

to methotrexate therapy. The final infliximab or placebo treatment was given at 22
weeks. At 30 weeks, neither the change in BASDAI (MD -1.14, 95% CI -2.76 to
0.48), nor the ASAS 20 response (RR 2.33, 95% CI 0.80 to 6.80) or a 50%
improvement in BASDAI (RR 2.50, 95% C1 0.87 to 7.22) were significantly
different between the two groups. There was a significant difference at 10 weeks, but
this did not extend to 30 weeks. The last dosing of infliximab was at 22 weeks, so the
authors concluded that the addition of methotrexate to the treatment regimen did not
lengthen the efficacious period of infliximab. There was a significantly greater
reduction in the number of lesions in the sacroiliac joints and spine resolving
completely in the combination group versus the methotrexate monotherapy group, as

assessed by MRI.
Adverse effects

There was no significant difference between the two groups in terms of the relative
risk of infections (RR 1.50, 95% CI 0.35 to 6.50). Two mild infusion reactions
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occurred in the combination group and none in the MTX group. No severe adverse

events were seen in either group.

Adalimumab versus placebo

Efficacy

There was a statistically significant reduction in the BASDAI and BASFI scores in
the adalimumab group compared to placebo in a pooled analysis of two studies
(Lambert 2007 (efficacy results reported in Maksymowych 2005 and 2008) ; van der
Heijde 2006a) at 12 weeks; BASDAI: MD -1.79, 95% CI -2.16 to -1.41 and BASFI
MD -1.80, 95% CI -2.27 to -1.33; results were similar at 24 weeks.

Total back pain on a 0 to 10 scale was also significantly reduced by 12 and 24 weeks
(MD -2.29 95% ClI, -2.75 to -1.82). Other outcome measures that were statistically
significantly reduced by 24 weeks included morning stiffness (mean intensity and
duration, 0 to 10 scale, MD -2.00, 95% CI -2.45 to -1.55), fatigue (MD -2.00, 95%
Cl -2.45 to -1.55), entheseal pain (MD -1.90 95% CI -3.60 to -0.20) and BASMI
(MD -1.00, 95% CI -1.50 to -0.50).

Patient and physician global assessments were also statisticially significantly better
in the adalimumab versus placebo group over 12 to 24 weeks (patient global (0 to 10
scale): MD -3.20, 95% CI -3.68 to -2.72).

There was a statistically significant greater number of patients who reached a >50%
improvement in BASDAI at 12 and 24 weeks (RR 2.83, 95% CI 1.75 to 4.57).

A statistically significantly greater proportion of patients in the adalimumab group
reached the ASAS 20, ASAS 50, ASAS 50, ASAS 70 and partial remission
outcomes compared to placebo at both 12 and 24 weeks. For the ASAS 20 (based on
Lambert 2007, van der Heijde 2006a), the RR was 2.53, 95% CI 1.82 to 3.51 and the
RR for ASAS 5/6 was 3.71, 95% CI 2.23 to 6.17, both in favour of adalimumab at 12
weeks. In Lambert 2007, the RR was 5.79, 95% C1.81 to 18.49 for the ASAS 50 at
12 weeks. At 12 weeks, the risk of partial remission was in favour of adalimumab
(RR 3.94, 95% CI 1.74 to 8.94).
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The proportion of people reducing their use of NSAIDs was not reported.
CRP was statistically significant in favour of adalimumab at 24 weeks.
Spinal and sacroiliac (SI) joint inflammation

Lambert 2007 used MRIs to assess the effect of adalimumab compared to placebo in
reducing spinal and Sl joint inflammation using the SPARCC scoring method. MRIs
were obtained for all participants (N=82) at baseline and week 12. SPARCC scores
for the spine can range from 0 to 108 and SPARCC Sl joint scores can range from 0
to 72.There was a statistically significantly greater reduction in the mean spine
SPARCC score of adalimumab-treated patients (median change 6.3, range 34.0 to
2.0) compared with placebo-treated patients (median change 0.5, range 26.0 to 13.5)
(P<0.001). The mean SI joint SPARCC score also decreased significantly between
the adalimumab (median change 0.5, range 22.5 to 2.5) and placebo groups (median
change 0.0, range 13.5 to 16.0) (P <0.001). In terms of percent change from baseline,
placebo-treated patients had a 9.4% mean increase in spine SPARCC scores
compared to a 53.6% mean reduction in scores in adalimumab-treated patients. There
was also a significant difference in the mean percent reduction in adalimumab
(52.9%) and placebo-treated (12.7%) patients in the Sl joint SPARCC score.

Adverse effects

Adverse effects from RCTSs:

Lambert 2007 did not report adverse events in the published article. An abstract by
Maksymowych (2005) on the same study reported briefly on adverse events.

There was a significant increase between adalimumab and placebo in terms of total
adverse events (RR 1.25, 95% CI 1.05 to 1.49) and any infection (RR 1.58, 95% CI
1.10 to 2.27). There was only one serious infection reported, and that was in the
placebo group, and there was also one event of hepatoxicity requiring hospitalization

in the infliximab group in van der Heijde 2006a.

Withdrawals due to adverse events, headache, and serious adverse events were not

significantly different between adalimumab and placebo groups.
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van der Heijde 2006a stated that there were "no cases of tuberculosis/granulomatous

infections, demyelination, drug-induced lupus, congestive heart failure,
malignancies, and no deaths occurred during the 24-week period of the study.” These
outcomes were not reported in Lambert 2007.

Adverse effects from open label extensions (Table 2):

Two- and three-year open label extension data was available from van der Heijde
20064 in a full-text article (van der Heijde 2009) and an abstract (van der Heijde
2008). Data was presented as the rate in the double-blind RCT period versus the
extension period per 100 patient-years. After two years, with respect to withdrawals
due to adverse events, the rate was 4.5 versus 3.8/100 patient-years, 10.5 versus
10.2/100 patient-years for serious adverse events and 0.0 versus 0.9 for malignancies
(four people developed cancer). Serious infections were 1.1 versus 0/100 patient-
years. No cases of tuberculosis, demyelinating disease, congestive heart failure or
death were reported.

After three years, withdrawals were 3.6 versus 3.8/100 patient-years and serious
adverse events were 11.1 versus 10.2/100 patient-years. Serious infections were
slightly increased: 0 to 1.4/100 patient-years. Malignancies increased from 0.0 to
0.7/100 patient-years and there was one death out of 277 people who had received at
least three years of adalimumab treatment. Other adverse event outcomes of interest

were not reported.

Etanercept versus infliximab

Efficacy

One RCT (Giardina 2009) compared the efficacy and safety of etanercept compared

to infliximab over a two-year period. The trial was reported first in a conference

abstract and later a full-text article was published.

Fifty patients were enrolled in the trial and the abstract states that "no patients
discontinued therapy". To calculate the proportion of responders reported in the

abstract for entry into RevMan, the number of participants in each treatment group
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was assumed to be the denominators at the start of the study. However, there is a
slight discrepancy in the number of people in each group; the full-text article states
that there were 25 people in each group, while the abstract states there were 26
people in the etanercept group and 24 people in the infliximab group. We used the

numbers from the full-text article.

The abstract reports no statistically significant differences in ASAS 50 or the
proportion of patients achieving a 50% BASDAI response between the two

interventions at week 102.

The full-text article reports no statistically significant difference between etanercept

and infliximab in ASAS 20 and ASAS 40 responders at weeks 12 or 104. At week 12
there was a statistically significantly higher reduction in BASDAI and BASFI scores
in the infliximab compared to etanercept group; however, by week 104, there was no

significant difference between groups.
Adverse effects

Adverse effects from RCT

With respect to adverse events, the incidence of adverse events in terms of serious
infections (Peto OR 0.50, 95% C1 0.05 to 5.03), headaches and diarrhea were similar
among etancercept and infliximab groups. There was a difference in injection
site/infusion reactions between the groups (25% in the etanercept group versus 4% in
the inflixmab group) which the authors state was statistically significantly different
(p<0.005), but which in RevMan gives a non-significant difference. There were no
withdrawals due to adverse events in either group. As well, there were "no cases of
cases of opportunistic infections, tuberculosis, congestive heart disease,

demyelinating disorders, lupus-like syndromes, and malignancy."

Adverse events - pooled results from all three anti-TNF agents versus placebo

We pooled the results from etanercept, infliximab, and adalimumab to assess for a
class-effect of adverse effects of TNF-inhibitors. Given our interest in adverse events

was pre-specified in short (<6 months) and long term (>6 months) periods, and that
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all time points reported were six months or less, we pooled all trials together for an

assessment of short-term effects.

There was a statistically significantly greater total number of adverse events and
withdrawals due to adverse events in the anti-TNF versus placebo group (RR 1.24,
95% C11.10 to 1.40 and Peto OR 2.78, 95% CI 1.27 to0 6.10, respectively). The risk
of injection or infusion site reactions was significantly greater in the anti-TNF group
(RR 3.02, 95% CI 2.12 to 4.31). The risk of any infection was also statistically
increased in the anti-TNF group, RR 1.22, 95% CI 1.02 to 1.45.

Serious adverse events were not statistically significant between the two groups
(Peto OR 1.83, 95% CI 0.93 to 3.62), though the results favoured placebo. Most
studies did not provide a definition of a 'serious adverse event'. Two studies (Davis

2003 and Gorman 2002) stated that the National Cancer Institute Common Toxicity

criteria scale was used to grade adverse events and abnormal laboratory values and
Inman 2010 used MedDRA ver9.

Serious infections were also not statistically different between the two groups (Peto
OR 1.89, 95% CI 0.45 to 7.96; with a risk difference of 0.00, 95%CI -0.01 to 0.02).
The nature of the serious infections were: etanercept: one staphylococcal cellulitis
after a spider bite and one wound infection after a cat bite (Davis 2003) and one

erysipela and one streptococcus pyogenes at an insulin catheter site (van der Heijde

2006b); infliximab: one systemic tuberculosis in the lymph node and spleen (Braun

2002) and 1 cholecystis and 1 pneumonia (van der Heijde 2005). No serious

infections were reported with adalimumab.

There was one case of tuberculosis reported in Braun 2002 in the infliximab-treated
group compared with none in the placebo group (Peto OR 7.61, 95% CI 0.15,
383.66). No cases of tuberculosis were reported in Davis 2003; Giardina 2009;van

der Heijde 2005;van der Heijde 2006a. The other trials did not mention tuberculosis

as an outcome.
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The trials of Giardina 2009;van der Heijde 2005; van der Heijde 2006a; van der
Heijde 2006b reported no cases of malignancies or lymphoma. Lymphoma was not

reported as an outcome in the other trials.

Similarly, three studies (Giardina 2009; van der Heijde 2006a;van der Heijde 2006b)

reported on cases of demyelinating or autoimmune disease or congestive heart

failure, but no events occurred. Five studies reported on liver function tests, but only
one person required hospitalization for hepatoxicity (van der Heijde 2006a) (Peto OR
7.35, 95% C1 0.15 to 370.60).

Adverse effect warnings from requlatory websites:

Table 3 summarizes the warnings on the TNF-inhibitors from the websites of FDA
MedWatch, European Medicines Evaluation Agency, Australian Adverse Drug
Reactions Bulletin, and UK Medicines and Healthcare products Regulatory Agency
(MHRA) Drug Safety Updates. A recent warning (August 31, 2009) of interest on
the FDA MedWatch website stated the FDA had "completed its analysis of tumor
necrosis factor (TNF) blockers and has concluded that there is an increased risk of
lymphoma and other cancers associated with the use of these drugs in children and
adolescents”. Most of the warnings reported on outcomes that were part of the
assessment of outcomes in this review, with the exception of concerns about
reactivation of hepatitis B, skin reactions: new or worsening psoriasis, and

haematological reactions such as pancytopenia and aplastic anaemia.

Sensitivity analyses

Etanercept
Three studies, Brandt 2003; Davis 2003; Gorman 2002, were judged to be at low risk

of bias in terms of adequate generation of the randomization sequence, allocation
concealment, and blinding. Sensitivity analyses of BASDAI, BASFI, spinal pain,
patient global assessment, ASAS 50, withdrawals due to AE, and all infections did
not result in significant changes from the overall pooled effect when only the lower
risk of bias studies were pooled. For example, BASFI changed from a MD of -16.09,
95% ClI (-20.05t0 -11.23) to a MD of -16.51 (-21.90 to -11.11) when Calin 2004 was
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removed from the overall estimate. When the study with an ‘unclear' rating ( van der
Heijde 2006b) was removed from the pooled estimate for >50% improvement in
BASDAL, there was a large change in the effect estimate (RR 3.32, 95% CI 1.93 to
5.72) to aRR of 9.14 (95% CI 1.3 to 64.34). However, this large RR has very wide

confidence limits and is based on a small sample size (N=30).
Infliximab

Braun 2002 is judged to be at a low risk of bias and van der Heijde 2005 and Inman

2010 did not provide enough information in the published papers so they were rated
as 'unclear' for adequate sequence generation, allocation concealment, and blinding.
There was very little change in the BASDAI, BASFI and >50%improvement in
BASDAI when those with unclear risk of bias were removed from the pooled

analysis.
Adalimumab

Lambert 2007 did not provide enough information in the published articles so is

judged to be at a 'unclear’ risk of bias while van der Heijde 2006a is judged to be at

low risk of bias. However, removing Lambert 2007 from the pooled analyses did not
change the result significantly for BASDAI, BASFI, total back pain, patient global,
or ASAS 20.

Mantel-Haenzsal versus Peto OR for rare events

Although not specified a priori, we decided to perform a sensitivity analysis using
the Mantel-Haenszel OR method with a standard continuity correction of 0.5 on
those meta-analyses in which we had used the Peto OR to check the robustness of

our results (as recommended by Sweeting 2004). Although using the Mantel-

Haenszel method changed the width of some confidence intervals, none of the point
estimates changed significantly, nor did any estimates change in their statistical
significance. Therefore, we feel our estimates of outcomes with rare events are

robust.
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Subgroup analyses

As there are not many included studies per outcome by drug, any subgroup analyses

must be viewed with caution.

Dosage

We pooled the 5mg/kg dose and 3mg/kg dose of infliximab for the efficacy analyses
of ASAS 20, ASAS 40, ASAS 50, ASAS 5/6, BASDAI 50%. There was very little
heterogeneity when these doses were pooled. We investigated the effect size in the
low dose and high dose groups separately and found them to be quite similar.

Trial duration

All RCT portions of the studies were less than six months duration and we had
specified a priori that trials less than six months would be used to assess short-term

efficacy.

Patient characteristics

Etanercept

Overall, the studies were quite homogeneous. Barkham 2008 and Huang 2008 were

reported in abstracts so details of patient characteristics are not available. All seven
studies included patients meeting the modified New York classification criteria.
Patients were similar across trials in terms of age (range in treatment group 38 to 45
years). Calin 2004 included the oldest patients but the effect estimates were similar
to the other studies for spinal pain, BASFI, ASAS 20, and ASAS 50. Mostly men
were enrolled in these studies (Yomale in treatment group range: 65% to 80%).
BASDAI and BASFI baseline scores were similar across studies (BASDAI range:
5.8 t0 6.6 and BASFI range: 5.3 to 6.2). Disease duration was similar, ranging from
10 to 15 years in the treatment groups across studies. Only Brandt 2003 did not allow
concomitant DMARD therapy but in terms of the BASDALI, the result from this
study was very similar to the other study it was pooled with (van der Heijde 2006b).

Almost all included studies excluded patients with complete ankylosis (fusion)
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(exclusion criteria not reported in Lambert 2007 and van der Heijde 2006a restricted

a priori to <10% of recruited patients could have complete ankylosis).
Infliximab

All patients fulfilled the modified New York classification criteria. Patients were
similar across the three trials in terms of age (range in treatment group 40 to 42.9
years), percent of males enrolled (treatment group range: 68% to 82%), and disease
duration (ranging from 10 to 16 years in the treatment groups across studies).

BASDAI and BASFI scores were similar at baseline in Braun 2002 and van der

Heijde 2005 but not reported in Inman 2010. Complete ankylosis was not mentioned
as an exclusion criteria in Inman 2010. Given the homogeneity of the studies, no

subgroups were conducted by patient characteristics.
Adalimumab

Both studies (Lambert 2007; van der Heijde 2006a) included patients with the

modified New York classification criteria. The patients were of similar age (41.9 and
41.7 years average in the treatment groups), sex distribution (76% in the treatment
groups) and disease duration (14.5 and 11.3 years). They were also very similar at
baseline in terms of BASDAI and BASFI. No subgroup analyses were undertaken by

patient characteristics due to the homogeneity of the studies.

Indirect comparisons

Indirect comparisons of one treatment versus another are useful when there is no, or
limited, direct evidence from head-to-head randomized controlled trials comparing
treatments of interest to practitioners who must make choices as to which treatment
to prescribe to their patient. In the case of the three anti-TNF agents for use in
ankylosing spondylitis, the majority of RCTs assess each of adalimumab, etanercept,
and infliximab against placebo and we also found one unblinded RCT comparing

etanercept to infliximab over a two year period (Giardina 2009). Figure 3 describes

the relationship of trials in this systematic review. It is a network with one closed
loop (Wells 2009).
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We used the direct evidence from the Giardina 2009 study in the MTC analysis to
give refined estimates of the comparison of etanercept versus infliximab and refined
estimates of the three anti-TNF agents versus placebo. As well, the MTC analysis
provided us with two new indirect estimates of adalimumab versus etanercept and
adalimumab versus infliximab. We performed indirect comparisons on the following
outcomes: ASAS 5/6, ASAS 40, ASAS 50, >50% BASDAI, withdrawals due to AE,
all infections, and serious infections. Giardina 2009 was able to contribute data to all
the outcomes except ASAS 5/6 and withdrawals due to AE. The outcomes of
withdrawals due to AE and serious infections had rare events, so in the MTC
analysis, a random effects model was used and the zero events were adjusted for by
adding 0.5.

Figure 5 provides details on the refined GLIMMIX and MTC placebo estimates and
also shows the original odds ratio obtained from the RevMan forest plots. There was
general consensus in terms of whether statistical significance is reached and which
comparator is favoured, but some of the confidence intervals are much wider for the
modeled results. For the MTC refined placebo estimates: both etanercept and
infliximab remained statistically significant versus placebo for ASAS 5/6, ASAS 50,
and >50% BASDAI. Adalimumab was statistically significant compared to placebo
in the original estimates for the efficacy outcomes listed above, but did not achieve
statistical significance in the refined MTC estimate (though the point estimates were
still in favour of adalimumab). For withdrawals due to AE, the refined estimates for
all three anti-TNF agents were not statistically significant (though the point estimate
favoured placebo more strongly). In the original estimate of etanercept versus
placebo, the OR was significant in favour of placebo. In terms of infections, there
was no statistically significant difference between anti-TNF and placebo groups,
though the adalimumab versus placebo original estimate was statistically significant.
For serious infections, there was again no statistically significant result, though the
point estimate was in favour of adalimumab while for the other two drugs it was in

favour of placebo.
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As already noted, we had direct estimates of the efficacy and safety of etanercept
versus infliximab from the Giardina 2009 study. We found the indirect MTC
estimate and direct estimates to be fairly similar. For example, for ASAS 50, the
MTC estimate was OR 0.37, 95% CI 0.12 to 1.90 compared to the direct estimate of
OR 0.50, 95% C10.15 to 1.71. For >50% BASDAI response, the MTC estimate was
OR 0.58, 95% C1 0.21 to 2.57 compared to the direct estimate of OR 0.62, 95% CI
0.19 to 1.99. The point estimate for serious infections was different, but the
confidence interval was similar: OR 0.18, 95% CI 0.03 to 5.31 (MTC estimate)
compared to 0.48, 95% CI 0.04 to 5.65 for the direct estimate (Figure 6).

Two new estimates adalimumab versus etanercept and adalimumab versus infliximab
were obtained from the MTC analysis (Figure 6). For adalimumab versus etanercept,
the results were not statistically significant in terms of ASAS 5/6, ASAS 40, ASAS
50, and >50% BASDAI, though the point estimate favoured etanercept. The three
safety outcomes were also not statistically significant and there was no consistency

of which drug was favoured.

For adalimumab versus infliximab, none of the four efficacy outcomes were
statistically significant, though the point estimates favoured infliximab. The three
safety outcomes were also not statistically significant and there was no consistency
of which drug was favoured.

We assessed the similarity of results across the three methodologies: ITC,
GLIMMIX, and MTC (see Figure 6 for details) and found that for the majority of
comparisons, the results agreed in terms of which drug the point estimate favoured
and whether statistical significance was achieved or not. There were three examples
in which, depending on the methodology, the point estimate fell on different sides of
the null line, though none of the results reached statistical significance (noted as NC*
in the figure). For example, in the etanercept versus infliximab ASAS 40 outcome,
the point estimate (OR) was 0.69 for GLIMMIX, 0.20 for MTC, and 1.04 for ITC,
though none were statistically significant. The adalimumab versus etanercept ASAS
5/6 outcome provides an interesting example in which the ITC method gives a
statistically significant result (OR 0.23, 95% CI 0.09, 0.59) while the GLIMMIX and
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MTC results do not (OR 0.32, 95% CI1 0.02, 5.78 and OR 0.29, 95% CI 0.07, 4.22,
respectively). We investigated potential reasons for this discrepancy, but could not
determine a plausible reason for it. A similar discrepancy was found with the
outcome of serious infections for the adalimumab versus etanercept and adalimumab

versus infliximab comparisons.

As outlined in the papers by Bucher 1997 and Song 2009, there are several key

assumptions that must be met when undertaking indirect comparisons. Song breaks
these assumptions into three components: i.nomogeneity; ii. similarity of trial; iii.
consistency of evidence. Homogeneity refers to the standard assumptions used for
pooling studies in a meta-analysis; i.e. trials comparing two treatments must be both
clinically and methodologically similar to be combined. Trial similarity is comprised
of clinical similarity and methodological similarity and the similarity of the bridging
treatment. By 'bridging treatment’ we mean the common comparator (ie. in a trial of
A versus C and B versus C, the bridging treatment is 'C"). The assumption of
consistency means that the results of direct and indirect evidence should not be

heterogeneous.

With respect to the homogeneity assumption, statistical heterogeneity (as assessed by
12 values) for the individual meta-analyses (e.g. adalimumab versus placebo,
etanercept versus placebo, and infliximab versus placebo) used in the indirect
comparison meta-analyses were all very low, with the exception of the outcome of
infections in two infliximab trials, which had an 1?=60% when pooled at 12 and 24
weeks. As well, we assessed the trials in terms of their PICO: P-population; I-
intervention; C-comparator; O-outcomes and determined they were similar enough to

be pooled.

For the assumption of trial similarity, Figure 4 shows the important patient
characteristics for the studies included in the network meta-analysis. The mean age
in the head-to-head Giardina study was younger (31.9 years) compared to the
placebo-controlled studies (range: 38 to 45.3 years); however, the disease duration of
the Giardina study was towards the high end of the range (15.4, range 10 to 16.4).
The majority of participants were male (range 65% to 80%). The baseline BASDAI
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and BASFI scores were also fairly similar across studies (range 5.8 to 6.6 and 4.5 to
6.2, respectively). Therefore, it seems that the demographic and clinical
characteristics of the patient populations are quite similar. As noted in the paper by

Hochberg 2003 et al, “another method of assessing the validity of this assumption is

to compare the proportion of patients randomly allocated to receive placebo who
develop the study outcome”. For the ASAS 5/6 outcome, the placebo groups across
the different trials had a response rate of 8% to 12%; for ASAS 40, the range of
responses was 12% to 21%; for ASAS 50, the range of responses was 6% to 13%;
for >50% BASDAI response, the range was 6% to 20%. Thus, it seems that it is

likely that the patients in these trials are drawn from similar patient populations.

With respect to methodological risk of bias, most of the studies are similar in terms
of sequence generation and allocation concealment being either at low or unclear risk
of bias due to lack of details in the published reports. However, all but the etanercept
versus infliximab Giardina study were reported to be “double-blind”, though details
of the methods of blinding were not always clearly reported in the other studies. The
Giardina was an unblinded study, presumably because it was difficult to blind
treatments with different routes of administration; i.e. subcutaneous versus infusion.
This puts it at a higher risk of bias than the other studies. As well, the length of
outcome assessment was quite different in the Giardina study; an abstract reported 6-
week results, and the full-text article reported results at 104 weeks. All other studies

reported results at 24 weeks or less.

As described in the methods section we used back calculation to check for the
consistency of direct and indirect evidence. Overall, there was no significant
inconsistency for the GLIMMIX analysis and only three significant inconsistency

estimates found for the MTC method of analysis.

Assessment of publication bias

We had planned to assess publication bias by visual inspection of funnel plots.
However, it was very difficult to assess plots with few studies in them. According to

the Cochrane Handbook; Chapter 10 (Higgins 2008), when assessing publication
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bias using statistical tests for funnel plot asymmetry, at least 10 studies should be
included in the meta-analysis, otherwise the power of the test is too low. There is no
guidance regarding the minimum number of studies needed for visual inspection. We
decided to look at plots with more than five studies and there were two analyses that

met this criteria (see Figure 7; Figure 8). Both appear to have an empty area in the

bottom left of the plot. This indicates there may be publication bias for smaller
'negative’ studies with high standard errors and little effect on the relative risk. Figure
8 is an efficacy outcome (ASAS 20), so the lack of studies in the bottom left of the
plot indicates that small studies showing little effect may not be published. Figure 7
is a safety outcome (injection site reactions), so the interpretation here is that small
studies showing no safety concerns may not be published. This result is not
surprising and also interesting in that it may mean that larger studies with safety
concerns are being published, while smaller studies with no safety concerns are not
being published, potentially leading to the problem of overstating safety concerns.
However, there is evidence of some heterogeneity in this meta-analysis and given the
few studies in the plots, it difficult to be sure that publication bias is the reason for

the asymmetry in the plots.

Discussion

Summary of main results

Fifteen RCTs with a total of 2,459 participants met the inclusion criteria for this
review. The primary efficacy outcomes were based on the disease-controlling anti-

rheumatic treatment (DC-ART) Ankylosing Spondylitis Working Group Core Set.

Mainly high quality evidence was available for the efficacy outcomes. All three anti-
TNF agents were statistically significantly better than placebo in terms of reducing
disease activity (BASDAI, 0-100 scale; etanercept: MD -20.94 (95% ClI, -26.21 to -
15.67); infliximab (0-10 scale, MD -2.40 (95% ClI, -2.67 to -2.13); adalimumab (0 to
10 scale; MD -1.80 (95% Cl, -2.20 to -1.40). The other core set measures: physical
function, morning stiffness, measures of spinal mobility, spinal pain (in etanercept

and infliximab), peripheral joint pain, entheseal pain, fatigue, and patient global
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assessment were also statistically significantly in favour of each of the anti-TNF

agents compared to placebo.

In terms of the absolute risk difference between treated and control groups, there was
a -16% absolute difference (95% CI -21% to -11%) for a reduction in BASFI for
etanercept and similar results for the other two drugs. The number needed to treat
(NNT) in order to achieve a change in BASFI of 0.7 points was 3 (95% CI 2 to 3) for

infliximab and similar for etanercept and adalimumab.

The ASAS response criteria were developed for use in clinical trials and the ASAS
40 and ASAS 5/6 response criteria have both shown good discrimination in anti-TNF
studies (Brandt 2004). Etanercept, infliximab and adalimumab all showed
statistically significant improvements in the ASAS 40 and ASAS 5/6 responder
criteria compared to placebo. Participants in these treatment groups were between
2.5 and 4.5 times more likely to have an ASAS 40 response (the ASAS 40 by 24
weeks had a 39% absolute difference (95% CI1 29% to 48%) for etanercept) and 3.7
to 7.7 times more likely to have an ASAS 5/6 response. A 50% improvement in
BASDAI was 2.8 to 4.6 times more likely with an anti-TNF agent. The NNT for an

ASAS 40 response was 3 for etanercept and infliximab and 4 for adalimumab.

Assessment of reduction in spinal and sacroiliac inflammation using MRI was
assessed in two studies, one on infliximab and one on adalimumab and both found

significantly greater reductions in the anti-TNF treated group.

(Inman 2010) compared doses of 3mg/kg and 5mg/kg of infliximab and found they
similar treatment responses to week 12 . In the open label phase where placebo
patients switched to infliximab, and at the end of week 50, there were no significant
difference between the two doses in terms of ASAS or BASDAI response. Patients
who had not responded by weeks 22 or 38 (in terms of reaching a BASDAI
improvement >50% or BASDAI <3) were allowed to escalate their dose to 5mg/kg.
The majority (68%) of patients treated with 3mg/kg escalated their dose to 5mg/kg
by week 38.
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One small (N=50) head-to-head study of biologics (Giardina 2009) was found in the

literature search. This unblinded RCT compared etanercept to infliximab for two
years and did not find a statistically significant difference between the two anti-TNF
agents at 104 weeks for efficacy outcomes of BASDAI, BASFI, ASAS 20 and ASAS
40, though there was a "more rapid clinical improvement in the infliximab treated

group™ up to 12 weeks.

One RCT (Braun 2008) assessed etanercept (50 mg once a week) compared to
sulphasalazine. Etanercept was found to have a statistically significantly better
response in terms of ASAS 20, ASAS 40, and ASAS 5/6 at 16 weeks. As well,
BASDAI, BASFI, BASMI, nocturnal back pain, and Modified Schobers response

were all greater in the etanercept versus the sulphasalazine groups.

Infliximab in combination with methotrexate versus placebo plus methotrexate was
assessed in Marzo-Ortega 2005. At 30 weeks, there was not a statistically significant
difference between the two groups in terms of ASAS 20, >50% BASDAI response or

change in BASDAI, though there had been at 10 weeks. The 30 week assessment
was 8 weeks after the last dose of infliximab had been given and the authors
concluded that the addition of methotrexate did not confer a longer benefit of

infliximab.

We included both RCTs and non-RCTs in our assessment of the adverse effects of

anti-TNF therapy for ankylosing spondylitis.

The etanercept RCT data showed statistically significantly more withdrawals due to
AE and injection site reactions in the etanercept group. None of the other outcomes
were statistically significantly different, though the point estimates usually favoured

placebo.

From the RCT data for infliximab, most outcomes assessing AE were not statistically
significant. At 12 weeks, the number of serious adverse events was statistically
significantly greater in infliximab compared to placebo group (Peto OR, 7.80 (1.07,

56.65) but when those two studies were pooled with 24 week data, the overall pooled
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result was no longer significant (Peto OR 2.47, 95% CI 0.75 to 8.14). There was one

event of tuberculosis at 12 weeks.

There was a significant increase in total adverse events and total infections in the
adalimumab group compared to placebo (RR 1.25, 95% CI 1.05 to 1.49 and RR 1.58,
95% C1 1.10 to 2.27) respectively. There was no significant difference with respect
to the other adverse event outcomes. Adalimumab was the only anti-TNF drug to

show a significant increase in the number of infections.

We pooled adverse event data from adalimumab, etanercept, and infliximab to
investigate a class effect of the TNF-inhibitors. We found a statistically increased
risk of infections in the anti-TNF group versus placebo (RR 1.22, 95% CI 1.02 to
1.45). However, the risk of serious infections or serious adverse events was not
statistically different between the two groups. Also significantly increased were the
total number of adverse events (RR 1.24, 95% CI 1.10 to 1.40 and Peto OR 2.78,
95% CI 1.27 to 6.10, respectively), withdrawals due to adverse events, and injection

or infusion site reactions.

For the specific adverse effects of interest such as serious infections, lymphoma,
demyelinating diseases, hepatotoxicity, and heart failure, the RCTs did not show
significant differences between the treatment and placebo groups, but that is
probably because we did not have enough power to detect such a difference in these
short-term studies, and also, some of the studies did not report on these outcomes.

The adverse event data from the non-RCT data is more difficult to interpret. Only
open-label extension studies met our inclusion criteria and these were judged to be at
a high risk of bias and lacked a control group. Some studies presented the data only
for the open-label extension phase, and others for the both the RCT and open-label
extension periods. As well, for some, the data is cumulative; e.g. the open-label
results for week 168 include the adverse event data from the 70-week open-label
results, and others report just on the open-label period; e.g. the EASIC cohort
includes people who have been exposed to infliximab for almost five years, but only

reports on events from the last two years of the cohort study. Lastly, some studies
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report separately those who were originally randomized to placebo and those
originally randomized to treatment, and other studies report them together. We do
not recommend making comparisons across anti-TNF agents based on these results
and any interpretations must be made with caution given the details outlined above.

In terms of serious infections and serious adverse events, in an open-label extension
study on etanercept, at 168 weeks (~ 3 years) (Davis 2008), 2.3% (6/257) had a
serious infection and 12.8% a serious adverse event . In an extension study from the
ASSERT RCT on infliximab (Braun 2008), 4% had a serious infection and 16.9% a
serious adverse event. In the EASIC (infliximab) cohort study (Heldmann 2009),
data on adverse events was reported during the two-year EASIC study. 89 patients
entering the study had completed ASSERT, had infliximab treatment for 1.3 years
+/-0.9, and then entered EASIC. There were three serious infections during this two
year period (total serious adverse events not reported). With adalimumab, there were
6/311 serious infections (1.9%) and 48/311 (15.4%) serious adverse events over
approximately two years. There were no events of malignancy or lymphoma during
the etanercept extension studies and the Heldmann 2009 infliximab cohort. The
Braun 2008 (infliximab) and adalimumab studies had rates of about 1% for

malignancies over two years.

Indirect comparisons can be useful when there is limited direct evidence for a
clinically-important question. Appropriate methods should be employed to undertake
indirect comparisons; for example, “naive” pooling methods should be avoided, and
in this analysis, we have undertaken three different types of suitable methodologies
(ITC, GLIMM, and MTC) for indirect comparisons. The estimates were fairly robust
across the three methodologies with a couple of exceptions which we were,

unfortunately, unable to explain.

The direct estimates from the one head-to-head study of etanercept versus infliximab
were comparable with the refined estimates obtained from the MTC analysis,
indicating that the indirect comparison estimates were robust. The efficacy and
safety outcomes of ASAS 40, ASAS 50, >50% BASDAI, withdrawals due to AE and

serious infections were not statistically significant, so we can conclude, as the
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Giardina article did, that there does not appear to be a difference between the
efficacy and safety of etanercept and infliximab at the end of two years. The
Giardina article did note that infliximab appeared to have a faster onset of action, but
by the end of the study (two years), there was no difference in the response rates
between the two groups. In our analysis, although there was no statistical

significance reached, the point estimates did favour infliximab.

The new estimates obtained using the MTC analysis for the efficacy and safety
outcomes of ASAS 5/6, ASAS 40, ASAS 50, >50% BASDAI, withdrawals due to
AE, all infections, and serious infections for adalimumab versus etanercept and
adalimumab versus infliximab were not statistically significant, therefore, one

treatment does not appear to confer more benefit than the other.

Other factors must be taken into account when making decisions, including patient
preferences and cost-effectiveness. The NHS technology assessment report on these
three biologics for use in ankylosing spondylitis (NICE 2008) found that under
various simulations, infliximab was much less cost-effective than the other two

agents and therefore did not recommend its use based on this.
Overall completeness and applicability of evidence

In total, fifteen published trials addressed the use of etanercept (8 trials; one versus
sulphasalazine, the rest versus placebo), infliximab (4 trials, one assessed the
efficacy of infliximab in combination with methotrexate), or adalimumab (two
trials), and one trial of etanercept versus infliximab, for the treatment of ankylosing
spondylitis. The RCTs were between six and 24 weeks duration, so all data about

efficacy is based on short-term studies.

Participants in the included studies had high disease activity (entry criteria was a
BASDAI >4) and the length of disease duration ranged between 10 and 16 years.
However, the high levels of disease activity seen in the patients included in these
trials may not be typical of patients seen in daily clinical practice. In addition,
patients selected for RCTs generally have few major comorbidities. Almost all

studies excluded patients with complete ankylosis of the spine, and many excluded
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patients with conditions related to the concerns of potential harms with biologics, i.e.
recent serious infections, history of infectious diseases or malignancies in last five
years, and signs of severe renal, cardiac, hepatic, demyelinating, or other diseases.
This may impact the generalizability of these results to clinical practice.

The length of disease duration of the participants enrolled in these studies was
mainly ten years and longer. The applicability of this evidence to those with shorter

disease duration is unclear. However, in Rudwaleit 2004, a shorter disease duration

(<10 years) and a lower BASFI (< 4.5) were both found to be strong predictors of a
major clinical response (as assessed by >50% BASDAI response). Therefore, it is of
interest to conduct trials of anti-TNF agents in populations with early disease to
determine if there is indeed a better response and any effect on the progression of
ankylosis in this population and to determine when it is appropriate to start anti-TNF
therapy (Haibel 2010).

Most trials used a standard dosage for each of the biologics. One trial (van der
Heijde 2006b) assessed the efficacy of giving 50 mg of etanercept once a week
versus 25 mg twice a week and concluded that the efficacy and safety outcomes were

similar between the two groups.

Another trial (Inman 2010) evaluated the effect of a lower dosage of infliximab (3
mg/kg) compared to the standard dose of 5 mg/kg. Although a previous open-label
study of lower dose infliximab showed sustained efficacy in the majority of patients,
in the extension phase of this RCT (the double-blind phase was to 12 weeks), by
week 38, most participants (68%) required an increase to 5 mg/kg to maintain

efficacy.

A limitation of this review is that we did not include non-RCT data to assess changes
in the radiological progression of patients exposed to anti-TNF therapy. It is unlikely
that changes in radiological progression will be seen in RCTs of six months or less

duration.

Appropriate outcomes based on OMERACT recommendations were assessed to

establish short-term efficacy of the anti-TNF agents against placebo. An editorial on
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the study of abatacept in rheumatoid arthritis (Boers 2006) highlights the desire of
clinicians for active comparator trials, once efficacy of a treatment has been

established against placebo. As described above in the summary of results section,

only one head-to-head study of anti-TNF agents (Giardina 2009) was found in our
systematic search. We therefore performed indirect comparisons using various
methodologies to test the robustness of the results. However, additional head-to-head
studies would be helpful to provide clinicians with a stronger evidence-base
regarding differences between the various biologics.

We included non-randomized studies to assess important rare events which have
been highlighted as concerns with the use of anti-TNF agents. The use of meta-
analysis of RCTs to assess rare adverse events allows us to increase power by
increasing the sample size while maintaining the benefits of randomization and a
control group. However, the RCTs included in this review for assessment of efficacy
were all shorter than six months duration. Our interest in events such as
malignancies, heart failure, and autoimmune and demyelinating diseases, means we
needed to assess patients over a longer time period. Our inclusion criteria for
assessing these rare, delayed effects included a broad range of study designs, but
with the restriction that the study had to have followed at least 100 people

(Gartlehner 2006) for a minimum of one year. Only six articles from four studies met

this criteria and they were all open-label (unblinded) extensions of RCTs, with the
exception of one extension study in which the patients remained blinded to year two.
The main problem with open-label extensions is that the people who enter them are
highly selected in that they originally met strict RCT inclusion criteria and then did
not experience adverse events that were serious enough to make them withdraw early
from the trial before the extension phase began. Therefore, the results from these
open-label extension studies are not generalizable to the population who are eligible
for anti-TNF therapy. As well, since there is no control group, it is difficult to assess
whether the results of important adverse events of interest such as serious infections,
malignancies or death are much increased compared to what happens in a similar

population. Studies based on larger numbers of participants in biologic registry
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databases with a matched control group will be of more use to help us answer these

questions.
Quiality of the evidence

The Ankylosing Spondylitis International Working Group (ASAS, www.asas-
group.org) and Outcome Measures in Rheumatology (OMERACT,
www.omeract.org) groups have had great success in standardizing outcomes that
should be measured in trials of interventions for ankylosing spondylitis. The trials
included in this systematic review usually reported outcome measures as
recommended by ASAS and OMERACT for trials on ankylosing spondylitis
patients. There is little risk of bias due to selective reporting in these trials in terms of

efficacy outcomes; adverse events were less clearly reported.

When combining studies it is important that the outcome measures are comparable.
Of note, different definitions of serious adverse events were used in the assessment
of these events across the trials. Most trials did not provide a specific definition; a
couple stated they used the national cancer institute common toxicity criteria, and
another MedDRA version 9. We assumed for the purpose of this review that the

definitions were similar enough to warrant combining.

Adequate allocation concealment can avoid selection bias in controlled trials and
there is evidence that inadequate allocation concealment leads to an overestimation
of the treatment effect (Schultz 1995). Additional information was obtained from the
authors for some studies to clarify the method of allocation. Still, there were three
abstracts and five full-text studies which did not provide enough information on this

domain and it had to be marked as unclear.

Blinding of participants was clearly reported in six studies; again the three abstracts
did not provide enough information. Five studies were marked as unclear. Giardina
2009 was clearly not blinded; this two-year study compared etanercept (given
subcutaneously) with infliximab (given as an infusion) so it is evident why the
patients were not blinded. Given that the primary outcome measured in most trials

was the BASDAI or ASAS 20, both self-reported measures, it is necessary for
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patients to be blinded to ensure detection bias has not been introduced in these

studies.

Completion rates were not reported in the three abstracts, but were greater than 80%

in all but one study, Marzo-Ortega 2005, which had a large imbalance in withdrawals

in the treatment and placebo arms, mostly due to inefficacy in the placebo group
(93% versus 64%). Last observation carried forward data was provided for an ITT
analysis - this study was marked as at 'unclear’ risk of bias for the incomplete
outcome domain. All the trials reported the numbers of patients who dropped out in
the treatment and placebo groups. The drop-out rates were generally higher in the
placebo group than the treatment group in all trials and there was a much higher rate
of withdrawal due to lack of efficacy in the placebo groups. In most trials the
missing data were imputed using last observation carried forward analysis for
continuous data and 'non-responders' for dichotomous outcomes like ASAS 20. Most
trials reported a proper intention-to-treat analysis. The other trials (Braun 2002;

Inman 2010; van der Heijde 2006b) reported a ‘'modified’ intention-to-treat analysis

as one defined by those subjects who received at least one infusion of study
medication. Although fewer than 3% of participants were affected, it is of interest to

know why patients who were randomized did not receive the study drug.

The non-randomized studies included in this review were mostly open-label
extension studies; in one extension study from a randomized double-blind period,
patients continued to be blinded. All but one were judged to be at a high risk of bias;
the other was moderate because patients continued to be blinded during the extension
phase. The conclusions from open-label extension studies lead us to believe that they
are providing us with more confidence about the rates of important adverse events,
but given that there is a high selection bias, lack of blinding of participants, and no
control group, it is difficult to assess what meaningful information these studies can
provide us (Day 2007). As well, Taylor 2005, found that there was evidence that
many open-label extension are never published so we should be concerned about

publication bias of these types of studies. Therefore, the evidence we found on
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adverse events from a broad search of the literature for non-randomized studies is at

a high risk of bias.

Only two outcomes had enough studies in which to visually inspect a funnel plot for
publication bias. These plots indicated a potential lack of publication of smaller,
'negative’ studies but overall we do not have much evidence whether publication bias

is an issue in this systematic review.

With regards to detecting adverse events in RCTs, an interesting paper (Yazici 2008)
recently highlighted the fact that an inadequate sample size (Type Il error) is a
possible reason that a significant difference in the number of adverse events between
treatment and placebo groups is often not observed. All the included studies termed
themselves 'efficacy and safety' studies. But in none of the trials was there a

discussion of necessary sample sizes to detect adverse events.

We concluded that there is 'high' level evidence for the short-term efficacy outcomes
of ASAS 40 response, achievement of partial remission, physical function, and
disease activity. Longer-term adverse event data was judged to be of 'low’ level
quality as it was based on observational data (extensions of RCTSs).

Potential biases in the review process

We undertook a systematic, thorough search of the electronic literature and hand
searched key conference proceedings to identify all studies meeting the inclusion
criteria for this review. However, we did not approach pharmaceutical companies for
additional data and it is possible that additional data from this source could
contribute to this review. Study selection and data extraction were done in duplicate
and independently and we reached consensus by discussing any discrepancies.

We conducted a specific search for a priori specified adverse events identified to be
of concern with the use of anti-TNF agents and included study designs other than
RCTs to identify evidence for rare and delayed adverse events. We limited our
inclusion criteria for non-RCTs to studies that followed a minimum of 100 people for

at least one year. A previous systematic review assessing adverse events from anti-
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TNF use in rheumatoid arthritis also used a minimum sample size of 100 (

Gartlehner 2006). While the choice of this particular sample size and follow-up

period is rather arbitrary, we wanted to have an adequate sample size to find these
rare events and an appropriate follow-up time to find potential delayed adverse

events.

The Fouque-Aubert review performed a power calculation and suggests that,
"According to the differences in risks of serious infections assessed in the meta-
analysis, for the difference of risks to become significant, it would be necessary to
add in the meta-analysis one balanced study with a total sample size of 5,500
patients.” The EMEA guidance document on 'Clinical investigation of medicinal
products for the treatment of ankylosing spondylitis' (EMEA 2009 pg.11) states, "AS
is a prevalent chronic disease and medicinal products will need to be approved for
long term treatment. The need for specific long term trials to demonstrate efficacy
and the effect on structural changes may provide an adequate safety data base, likely
to go beyond the minimum requirement of the CHMP/ICH guidance requesting 300-
600 patients treated for 6 months or 100 patients treated for 12 months. Although this
may depend on the characteristics of the product, in general, safety data from periods
longer than one year are recommended.” Therefore, we feel that the choice of a
minimum sample size of 100 participants for a minimum of one year follow-up is
justified. However, further evidence based on large registry data would be most
useful. Unfortunately, none of the articles based on registry data that we screened
provided data separately on ankylosing spondylitis patients for a minimum of 12

months.

For the assessment of the risk of bias of non-RCTs included in this review for the
assessment of adverse events, we used the Newcastle-Ottawa Scale (NOS) for
cohorts (Wells). It is designed to assess a controlled cohort, but our studies were a
single cohort. However, we feel confident that the critical risk of bias criteria needed

to assess such a study were captured in our use of the NOS.

Published trial reports did not provide enough details to adequately assess risk of

bias and some variance measures necessary for meta-analysis were missing from the
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report. We contacted some authors for further information and while some of the
requested data was provided, it is a limitation of this review that not all the data were
available. We had to undertake transformations and assumptions in order to enter
continuous data into RevMan for some key trials (ATLAS, ASSERT) which may

reduce the accuracy of our estimates.

Some adverse event outcomes consisted of sparse data, with few events in the
groups. In cases where either there were no events in either study arm (zero total
event studies), the study did not contribute to the meta-analysis. The rationale for this
method is that no information on the magnitude of the treatment effect can be
obtained from these studies. An investigation by Sweeting 2004 confirmed that “zero
total event studies do not contribute to a fixed meta-analysis" and so we felt it
appropriate not to include these in our meta-analysis. The Peto OR was shown to be
one of the least biased estimators of a treatment effect when using sparse data.
However, in the case of unbalanced study arms with four times as many participants
in one arm as another, there is concern that the estimate will be biased (Bradburn
2007). Given that none of our included studies were unbalanced by more than 4:1,
we decided the Peto OR was a suitable method. When analyzing rare data in a meta-
analysis, it is recommended that various methods are used to determine the treatment

effect estimate and sensitivity analyses are undertaken (Sweeting 2004). For those

studies where there were zero events in one arm, or an event rate <10%, we used the
Peto OR. We also performed the Mantel-Haenszel method with the standard
continuity correction of 0.5 to check the robustness of our results and found that
results did not change significantly. We did not perform other sensitivity analyses
with other continuity corrections, but given that there was consistency of results with

the standard continuity correction, we are confident that our estimates are robust.

For the indirect comparison results to be considered robust, it must be investigated
whether the trials included in each standard meta-analysis comparison (e.g. A-B and
C-B) are homogeneous; whether the effect of the linking treatment is similar across
comparisons; and whether there is consistency of evidence. To judge the likelihood

of these assumptions being true, the comparability of the linking treatment, the
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patient population, the methodological risk of bias, the study design, and the date of
publication must be assessed (Song 2009; Wells 2009 p.90). We did assess the

studies included in terms of the criteria noted above. As noted in the Results section,
the patient populations were quite similar in terms of length of disease duration,
severity of disease, inclusion/exclusion trial criteria, trial duration and date of
publication (2002 to 2008). The one head-to head study of etanercept versus
infliximab (Giardina 2009) did not blind the participants (given the difference in

route of administration of the two biologics) and it was measured at a longer follow-
up time than the other included studies (2 years versus 6 months). However, since
the treatment effect observed for etanercept and infliximab was similar to that seen in
other placebo-controlled studies, and including this study allowed us to have a closed
loop in our network meta-analysis for evaluating the consistency of the direct and
indirect evidence, we decided it was appropriate to include this in our indirect

comparison analysis.

However, it must be cautioned that while we assessed the necessary assumptions for
undertaking indirect comparisons, and performed three methods (GLIMMIX, MTC,
and ITC) to test the robustness of our results, indirect comparisons may not provide

the same strength of validity of results that a well-conducted, head-to-head, RCT

may.

A protocol was published for this review (Zochling 2005) and analyses were

specified a priori. However, the original published Cochrane protocol did not
describe the detailed assessment of adverse effects beyond the inclusion of RCTs.

This was outlined in the thesis proposal.

Agreements and disagreements with other studies or reviews

The National Institute for Health and Clinical Excellence (NICE) undertook a
technology appraisal report to provide guidance on the use of adalimumab,
etanercept and infliximab for ankylosing spondylitis for the UK National Health
Service (NICE 2008). The report was issued in May 2008 and the results are very

similar to this review. This Cochrane review includes some newer information on the
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efficacy of low-dose infliximab and use of 50mg once per week of etanercept versus
25 mg twice per week. We included non-randomized evidence for assessment of
longer-term adverse events while the NICE report focused on evidence from RCTSs.
The NICE report also conducted indirect comparisons of the anti-TNF inhibitors and
as this review did, found no statistically significant difference between the three

biologics in terms of ASAS response rates.

The NICE review assessed cost-effectiveness of the three biologics in detail and
recommended that the high cost of infliximab precluded its recommendation for use
in people with ankylosing spondylitis. Both adalimumab and etanercept were

recommended for use.

Another systematic review and meta-analysis was recently performed to assess the

risk of serious infections (Fouque-Aubert 2009) in patients taking anti-TNFagents

and compared them to estimates of risk in groups of patients taking placebo and
NSAIDs. All the included studies in this review were also included in the Fouque-
Aubert review. The Fouque-Aubert review reached the same conclusion as this one:
there does not appear to be a statistically significant increase in serious infections in
ankylosing spondylitis patients exposed to anti-TNF agents. The absolute and
relative estimates from both reviews were not statistically significant (RD 0.00, 95%
Cl, -0.01, 0.02 and Peto OR 1.89, 95% CI 0.45, 7.96). The Fouque-Aubert review
outlined three possible reasons for the lower incidence of serious infections in AS
patients compared to those found in rheumatoid arthritis patients on anti-TNF
therapy: i) the younger average age of ankylosing spondylitis patients means fewer
co-morbidities; ii) the pathophysiology of the two diseases are different with RA
characterized by inflammatory synovitis and AS characterized by new bone
formation along with inflammation; and iii) the different concomitant treatments,
NSAIDs in AS patients versus steroids with RA patients, making RA patients more
susceptible to infections.

Of interest, a recent study based on the British Society for Rheumatology Biologic
Register (BSRBR) assessed the use of anti-TNF therapy for ankylosing spondylitis in

the UK in routine care. They found the mean improvement in BASDAI was 3.6 (0 to
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10 scale), 52% of patients achieved a BASDAI >50 and concluded that “routine
clinical use improves disease activity and functional impairment in patients with AS"
(Lord 2010).

Authors' conclusions

Implications for practice

That there is high level evidence for short-term efficacy of adalimumab, etanercept,
and infliximab compared to placebo in improving disease activity and function and
achieving partial remission in ankylosing spondylitis. The addition of methotrexate
to infliximab does not appear to confer any additional benefit. There was no
significant difference in efficacy or adverse effect outcomes using network meta-
analysis to model head-to-head studies, nor did one RCT find a difference when
etanercept and infliximab were compared directly. Based on RCTSs, there was a
statistically significantly greater total number of adverse events, withdrawals due to
adverse events, injection or infusion site reactions, and total number of infections
when the three TNF-inhibitors were pooled versus placebo. No statistically
significant increase in serious infections or serious adverse events were found in
RCTs, however the number of total events was low. Given the high level of bias in
the extension studies included in this review, we were unable to draw conclusions on
the long-term adverse effect data, but there did not appear to be large signal of key
safety outcomes such as serious infections and malignancies, though malignancies
may only emerge years later. We did not assess evidence on the long-term efficacy

or effectiveness of anti-TNF therapy for ankylosing spondylitis.
Implications for research

Future trials of anti-TNF agents should focus on populations with early disease to
determine if there is indeed a better response and any effect on the progression of
ankylosis in this population and to determine when it is appropriate to start anti-TNF
therapy. Given the paucity of head-to-head study data we performed a network meta-
analysis to estimate effects of one anti-TNF agent versus another; however, we

recommend that well-conducted randomized trials of anti-TNF agents versus each
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other are needed to clearly address issues of effectiveness among these agents.
Studies based on biologic registry data on ankylosing spondylitis patients will be

useful to assess rare and delayed adverse effects.
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Differences between protocol and review

- outcomes for specific AE more clearly defined
- included other study designs beyond RCTs to assess adverse effects

- included indirect comparisons
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Tables and Figures
Characteristics of studies

Table 1: Characteristics of included studies

Barkham 2008

Methods

Reported as an abstract from a conference proceeding. "Double blind,
placebo controlled trial”. States that participants were randomized to
etanercept or placebo in a 1 to 1 ratio.

Participants

N=40. 32 (80%) male; mean age 40.1 years (range 20-61 years);
mean duration of symptoms 17 years.

Interventions

Etanercept (25mg) or placebo twice weekly for 3 months.

Outcomes

Primary outcome was a change in the work instability of patients
after 3 months as measured by the AS WIS scale. Secondary
outcomes included changes in AS WIS score after 6 months, clinical
response (BASDAI, BASFI, ASQoL) and gait analysis at 3 and 6
months.

Notes

Reported as an abstract so methodological details are not available.
Not enough information to enter data into RevMan. Funding source
not reported.

Risk of bias table

Item Judgement|Description
Adequate sequence generation? Unclear  |not reported in
abstract
Allocation concealment? Unclear  |not reported in
abstract
Blinding? (Patient assessed outcomes) Unclear  |"double blind"
Blinding? (Physician assessed outcomes) Unclear  |"double blind"
Incomplete outcome data addressed? (Efficacy Unclear  |not reported in
outcomes) abstract
Incomplete outcome data addressed? (Safety outcomes) |Unclear  not reported in
abstract
Free of selective reporting? Unclear  |not reported in
abstract
Method of AE monitoring Unclear  |not reported in
abstract
SAE definitions provided? Unclear  |not reported in
abstract
Brandt 2003
Methods Multicenter, randomized, placebo-controlled trial

Participants

N=14 etanercept ; N=16 placebo

Age (mean years): Treatment group - 40; Control group - 32

% male: Treatment group - 71%; Control group - 75%

% white: Not reported

Disease duration (years): Treatment group - 15; Control group -11
Patients fulfilled the modified NY criteria for AS and had active
disease defined by BASDAI >=4 and spinal pain of >=4 on 0-10
scale.
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Excluded: active TB in past 3 years, serious infection in past 2
months, malignancies in past 5 years, MS or related disorder, current
signs of severe disease. DMARDS and corticosteroids withdrawn at
least 4 weeks prior to screening. Also, widespread ankylosis.

NSAIDs at same or less dosage at baseline were allowed.

Interventions Etanercept 25 mg twice weekly subcutaneously vs placebo for 6
weeks

Outcomes Primary: BASDAI >=50% by week 6. Others: BASDAI, BASFI,
BASMI, ASAS 20%, SF-36, BASRI-s, adverse event

Notes "Supported by a grant (Kompentenznetz Rheuma) from the German

Ministry of Research and by Wyeth Pharma who provided the study

drug"

Risk of bias table

Item Judgement|Description

Adequate sequence |Yes "Initials and sex of the 33 remaining patients were reported

generation? to a central independent registration office by fax. Patients
were randomly allocated to one of the treatment groups."

Allocation Yes "Initials and sex of the 33 remaining patients were reported

concealment? to a central independent registration office by fax. Patients
were randomly allocated to one of the treatment groups."”

Blinding? (Patient |Yes "The pharmacist at each center prepared the medication,

assessed outcomes) which was delivered in a blinded manner." "The placebo
solution containing bacteriostatic water was supplied and
administered identically." "Investigators and patients
remained blinded until week 12, 6 weeks after the placebo
controlled phase had finished."”

(B;Lr;i:g?;n assessed e "Investigators and patients remained blinded unt_il _vveek 12,
6 weeks after the placebo controlled phase had finished."

outcomes)

Incomplete Yes

ggéigsrzz dd?ata Reasons for withdrawal provided. >80% follow up in both

(Efficacy treatment and placebo groups.

outcomes)

Incomplete Yes

outcome data Reasons for withdrawal provided. >80% follow up in both

addressed? (Safety treatment and placebo groups.

outcomes)

Free of selective  |Yes Appropriate outcomes reported. "As the primary end point

reporting? of the study, an improvement in disease activity of 50%
between baseline and week 6, measured by the BASDAI,
was chosen. The secondary outcome parameters analyzed
were improvements in numeric rating scale for spinal pain,
BASFI, BASMI, SF-36, the ASAS response criteria, serum
C-reactive protein (CRP) level, and erythrocyte
sedimentation rate (ESR)."

Method of AE Unclear  |method not reported; or efficacy, clinical questionnaires

monitoring filled out every 3 weeks
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SAE_deflnltlons Unclear SAE definition not provided

provided?

Braun 2002

Methods Multicenter, randomized placebo-controlled trial

Participants

N=34 infliximab; N=35 placebo

Age (mean years): Treatment group - 41; Control group - 39

% male: Treatment group - 68%; Control group - 63%

% white: Treatment group - not reported

Disease duration (years): Treatment group - 16; Control group -15
Patients fulfilled the modified N criteria for AS and had active
disease defined by BASDAI >=4 and spinal pain of >=4 on 0-10
scale.

Excluded: The main reasons for exclusion were severe comorbidity,
insufficient disease activity, complete ankylosis, incorrect
diagnosis,and DMARD therapy. Also, active TB in past 3 years,
specific changes in radiograph of chest at baseline, serious infection
in past 2 months, malignancies in past 5 years, signs of severe renal,
hepatic, haematological, gastrointestinal, endocrine, pulmonary,
cardiac, neurological, cerebral disease. DMARDS and corticosteroids
withdrawn at least 4 weeks prior to screening. Patients allowed
NSAIDS but dose could not increase from baseline dose.

Interventions

Infliximab 5mg/kg iv vs placebo administered at 0, 2, 6 weeks for 12
weeks

Outcomes Primary: BASDAI >=50% by week 12. Others BASDAI, BASFI,
BASMI, ASAS 20%, SF-36, spinal pain, CRP, ESR, adverse events
Notes "Funded by a grant (Kompentenznetz Rheuma) from the German

Ministry of Research and by Essex Pharma, Munich, who provided
the study drug"

Risk of bias table

ltem

Judgement|Description

Adequate sequence
generation?

Yes "The allocation schedule was generated by computer-
generated random numbers, done in blocks of four for every
centre. Thus, within each group of patients enrolled by a
single centre, two were randomly assigned to placebo, and

two to infliximab."

Allocation
concealment?

Yes "The allocation schedule was generated by computer-
generated random numbers, done in blocks of four for every
centre. Thus, within each group of patients enrolled by a
single centre, two were randomly assigned to placebo, and
two to infliximab." "Investigators were informed by fax
about the randomisation, and were provided with

the trial number of the patient.” This information was kept
in a sealed envelope that was only opened in case of a

serious adverse event.

Blinding? (Patient
assessed outcomes)

Yes "Investigators and patients were unaware of treatment status

until all case report forms had been completed."

Blinding?
(Physician assessed
outcomes)

Yes "Investigators and patients were unaware of treatment status
until all case report forms had been completed.” "The

information had to be sent back once the patient had
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completed the trial."(referring to the sealed envelope with
the group assignment)

Incomplete Yes

outcome data Greater than 80% follow-up. Reasons for withdrawal were

addressed? provided.The last observation carried forward method was

(Efficacy applied to the four infliximab group members that withdrew.

outcomes)

LSl MEE Greater than 80% follow-up. Reasons for withdrawal were

outcome data - ! )

addressed? (Safety prov_lded.The last o_bse_rv_atlon carried forward metho_d was
applied to the four infliximab group members that withdrew.

outcomes)

Free of selective  [Yes Appropriate outcomes were reported. "The primary

reporting? endpoint was improvement of disease activity by 50%
between baseline and week 12, measured by BASDAI."

Method of AE Unclear

o not reported

monitoring

ggsiggglgltlons Unclear not provided

Braun 2008

Methods RCT. Double blind.

Participants

N=566. AS patients had active disease based on BASDAI VAS>=30;
morning stiffness VAS>=30; VAS>=30 for 2 of the following:patient
global assessment of disease activity, pain, BASFI, and be a
candidate for SSZ or ETN. All patients had failed >=1 NSAID for
>=3 months.

Exclusion: complete ankylosis of the spine; previous ETN treatment;
SSZ treatment within 6 months of screening.

Mean age=41 years; 74% male; average disease duration=7.5 years.

Interventions

Etanercept 50mg once weekly (N=379). Sulphasalazine (SSZ) 3 g
daily (N=187)

Outcomes Primary outcome: proportion of patients achieving ASAS 20 at 16
weeks
Notes Reported in an abstract. Funding source not reported

Risk of bias table

Item Judgement|Description

Adequate sequence generation? Unclear  not reported in abstract

Allocation concealment? Unclear  |not reported in abstract

Blinding? (Patient assessed outcomes) Unclear | double-blind; no more details
reported in abstract

Blinding? (Physician assessed outcomes) |Unclear  |double-blind; no more details
reported in abstract

Incomplete outcome data addressed? Unclear

. not reported

(Efficacy outcomes)

Incomplete outcome data addressed? Unclear
not reported

(Safety outcomes)

Free of selective reporting? Unclear  |not reported

Method of AE monitoring Unclear  |not reported
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SAE definitions provided? Unclear  |not reported
Calin 2004
Methods Multicenter, randomized, placebo-controlled trial

Participants

N=45 etanercept; N=39 placebo

Age (mean, years): Treatment group - 45; Control group - 41

% male: Treatment group - 80%; Control group - 77%

% white: Treatment group - 93%; Control group - 95%

Disease duration (years): Treatment group - 15; Control group -10
Patients fulfilled the modified NY criteria for AS and had active
disease defined by score >=30 on VAS 0-100 for spinal inflammation
and a score of >=30 on at least 2 of the 3 domains:back pain, patient
global assessment and physical function. Patients were excluded if
they had complete ankylosis (fusion) of the spine; previously used
TNFa inhibitors, including etanercept; used DMARDs other than
hydroxychloroquine, sulfasalazine, or methotrexate within 4 weeks
of baseline; used multiple NSAIDs; used >10 mg prednisone daily; or
changed doses of NSAIDs or prednisone within 2 weeks of baseline.
Patients were permitted to continue pre-study physiotherapy.

Interventions

Etanercept 25 mg twice weekly subcutaneously vs placebo for 12
weeks.

Outcomes Primary: ASAS 20 by week 12. Others: BASDAI, BASFI, ASAS 50,
ASAS 70, spinal inflammation, nocturnal and total pain, spinal
mobility, CRP, ESR, adverse events

Notes "Trial was funded by Wyeth Research”

Risk of bias table

Item Judgement|Description

Adequa'te et Uielsy no details provided on sequence generation

generation?

Allieon iBEs no details provided on allocation concealment

concealment?

Blinding? (Patient |Yes "To preserve the integrity of the blind study, placebo and

assessed outcomes) etanercept supplies were similar in appearance.”

Blinding? Unclear

(Physician assessed not reported

outcomes)

Incomplete outcome |Yes Reasons for withdrawal reported. Follow-up was greater

data addressed? than 80%. "Disease activity and safety analyses were based

(Efficacy outcomes) on the intention to treat population and included all patients
who received at least one dose of the “‘blinded’” test
article. The last observation carried forward technique was
used to
handle missing data for continuous and ordinal end points."

Incomplete outcome |Yes Reasons for withdrawal reported. Follow-up was greater

data addressed? than 80%. "Disease activity and safety analyses were based

(Safety outcomes) on the intention to treat population and included all patients
who received at least one dose of the “‘blinded’’ test
article. The last observation carried forward technique was
used to
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handle missing data for continuous and ordinal end points."
Free of selective Yes Appropriate outcomes reported. "The primary efficacy end
reporting? point was the percentage of ASAS 20 responders after 12
weeks of treatment."
Method of AE Yes "Patients were monitored for adverse events" over the
monitoring course of the study
SAE_deflnltlons el SAE definition not provided
provided?
Davis 2003
Methods Multicenter, randomized, placebo-controlled trial

Participants

N=138 etanercept; N=139 placebo

Age (mean, years): Treatment group - 42; Control group - 42

% male: Treatment group - 76%; Control group - 76%

% white: Treatment group - 94%; Control group - 91%

Disease duration (years): Treatment group - 10; Control group -10
Patients fulfilled the modified NY criteria for AS and had active
disease defined by score >=30 on VAS 0-100 for morning stiffness
and a score of >=30 on at least 2 of the 3 domains:back pain, patient
global assessment and BASFI. Patients were excluded if they had
complete ankylosis (fusion) of the spine based on radiographic
assessment; previously used TNFa inhibitors, had a serious infection
(requiring hospitalization or 1V antibiotics) within 4 weeks of
screening or were pregnant. Patients were allowed to continue
receiving hydroxychloroquine, sulfasalazine, or methotrexate at
stable dosages during the study but were excluded if they had
received any other DMARDSs within 4 weeks of baseline. Also
allowed to continue on stable NSAIDs, prednisone, and analgesics.

Interventions

Etanercept 25 mg twice weekly subcutaneously vs placebo for 24
weeks.

Outcomes

Primary: ASAS 20 by week 12 and 24. Others: ASAS 50, ASAS 70,
partial remission (defined as value <20mm (0-100mm scale) in each
of 4 ASAS domains (patient global assessment, pain, BASFI,
inflammation)). BASDALI, spinal mobility, peripheral joint count,
CRP, ESR, assessor global assessment, adverse events

Notes

"Supported by Immunex Corporation”

Risk of bias table

Item JudgementDescription

Adequate sequence Yes "Patients, investigators, assessors, other study site

generation? personnel, and representatives of the sponsor were
blinded to the randomization schedule and to treatment
assignment until completion of the trial"

Allocation Yes "Patients, investigators, assessors, other study site

concealment? personnel, and representatives of the sponsor were
blinded to the randomization schedule and to treatment
assignment until completion of the trial”

Blinding? (Patient Yes "Patients, investigators, assesors, other study site

assessed outcomes) personnel, and representatives of the sponsor were
blinded to the randomization schedule and to treatment
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assignment until completion of the trial"

Blinding? (Physician
assessed outcomes)

"Patients, investigators, assessors, other study site
personnel, and representatives of the sponsor were
blinded to the randomization schedule and to treatment
assignment until completion of the trial"

Incomplete outcome
data addressed?
(Efficacy outcomes)

Completed study: 86% in placebo and 91% in treatment;
1 loss to follow-up in placebo and 2 loss to follow-up in
treatment. LOCF used for missing data

Incomplete outcome
data addressed? (Safety

Completed study: 86% in placebo and 91% in treatment;
1 loss to follow-up in placebo and 2 loss to follow-up in

outcomes) treatment. LOCF used for missing data
Free of selective ASAS 20 was primary outcome; not stated that it was
reporting? prespecified in the protocol, but it is an appropriate

outcome

Method of AE

Patients used a diary to record presence of adverse

monitoring events
SAE definitions Adverse events graded on a scale derived from the
provided? national cancer institute common toxicity criteria

Giardina 2009

Methods "Two year randomized study"

Participants

N=25 (abstract had N=26) etanercept; N=25 (abstract had N=24
infliximab

Inclusion criteria; active disease for >3 months; BASDAI >4; VAS
for spinal pain >4

Age (mean, years): Etanercept group - 32.6 SD 6.8; Infliximab group
-319SD9.2

% male: Etanercept group - 80%; Infliximab group - 76%

Disease duration (years): Etanercept group - 15.7 SD6.5; Infliximab
group -15.4 SD 10.6

Interventions

Etanercept 25mg twice weekly or 5mg/kg infliximab at week 0, 2, 6,
and then every 6 weeks for a period of 102 weeks

Outcomes

In the abstract, the primary outcome was stated to be the proportion
of patients achieving a 50% BASDAI response at week 102;
Secondary: ASAS 50; BASFI, back pain, morning stiffness, CRP,
spinal mobility. However, in the full-text article, the outcome defined
as primary is not stated, and the 50% BASDAI response is not
reported. ASAS 20 and 40, BASDAI, BASFI and AE were reported.

Notes Reported as a full-text and an abstract from a conference. Funding

source not reported.

Risk of bias table

ltem

Judgement|Description

Adequate sequence
generation?

"Patients were randomised to receive alternatively
etanercept or infliximab with a ratio of 1:1."

Allocation
concealment?

no details on concealment of allocation

Blinding? (Patient
assessed outcomes)

"open-label”

Blinding? (Physician

"open-label"
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assessed outcomes)

Incomplete outcome Yes

data addressed? "No patients discontinued therapy"

(Efficacy outcomes)

Incomplete outcome Yes

data addressed? (Safety "No patients discontinued therapy"

outcomes)

Free of selective No primary outcome listed in abstract: proportion of people
reporting? achieving a 50% response in BASDALI; full-text article

does not state the primary outcome, but 50% BASDAI
response not reported

Method of AE

Yes Patients were monitored for adverse events and

monitoring abnormal lab values over the course of the study.
SAE_deflnmons Unclear no SAE definition given
provided?

Gorman 2002

Methods

Randomized, placebo-controlled trial

Participants

N=20 (etanercept); N=20 (placebo)

Age (median, years): Treatment group - 38; Control group - 39

% male: Treatment group - 65%; Control group - 90%

% white: Treatment group - 75%; Control group - 70%

Disease duration (years): Treatment group - 15; Control group -12
Patients >=18 years of age and classified as having definite AS based
on the modified New York criteria. Active spondylitis was defined as
the presence of inflammatory back pain (stiffness and pain that
worsened with rest and improved with exercise), morning stiffness
for at least 45 minutes, and at least moderate disease activity as
assessed by the patient and the physician. The patient’s global
assessment of disease activity was based on a five-point scale
(1,none; 2, mild; 3, moderate; 4, severe; and 5, very severe). The
physician’s assessment was measured with the use of a VAS (0 mm
absence of disease activity and 100 mm very severe activity); a
moderate or higher level of disease activity was defined by the
placement of a vertical line at 40 mm or higher.

Patients were excluded if they had a spondylitis other than AS,
clinical or radiographic evidence of complete spinal ankylosis, a
history of recurrent infections or cancer, or a serious liver, renal,
hematologic, or neurologic disorder.

Patients continued to take drugs that had already been prescribed for
ankylosing spondyilitis if the doses had not been changed for at least
four weeks before randomization and if they remained unchanged
throughout the trial. Acceptable medications included NSAIDs,oral
corticosteroids («10 mg per day), gold injections («50 mg per
month), methotrexate («20 mg per week), and sulfasalazine(«3 g per

day).

Interventions

Twice-weekly subcutaneous injections of etanercept (25 mg) versus

placebo for four months.
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Outcomes Primary: ASAS 20.
Secondary outcomes: physician’s global assessment of disease
activity, measures of spinal mobility, the scores for enthesitis and
peripheral-joint tenderness, ESR, CRP, adverse events.

Notes "The majority of funding for the study was provided by the National

Institute of Arthritis and Musculoskeletal and Skin Diseases.
Immunex, the pharmaceutical funding source, supplied etanercept
and placebo and provided partial funding. Immunex was not involved
in the study design, data collection, statistical analysis, or manuscript
preparation; these tasks were performed by the authors."

Risk of bias table

Item Judgement|Description
Adeqguate sequence |Yes "A statistician not otherwise involved with the study
generation? randomly assigned patients to the study groups, using
computer-generated, random blocks of two and four."
Allocation Yes ""Cards with the group assignments were placed in
concealment? sequentially numbered envelopes that were opened
by the study pharmacist as each patient was enrolled."
Blinding? (Patient |Yes "The patients and study investigators were unaware of the
assessed outcomes) group assignments.”
Bllndl_ng? e "The patients and study investigators were unaware of the
(Physician assessed . "
group assignments.
outcomes)
Incomplete Yes
outcome data Reasons for withdrawal were provided. Follow-up was
addressed? greater than 80% in both groups. ITT analyses were
(Efficacy performed.
outcomes)
Incomplete Yes
outcome data Reasons for withdrawal were provided. Follow-up was
addressed? (Safety greater than 80% in both groups.
outcomes)
Free of selective  |Yes "The primary outcome measure was a prespecified,
reporting? composite treatment response, defined as 20 percent or
greater improvement in at least three of five measures of
disease activity, as recommended by the Assessments in
Ankylosing Spondylitis Working Group". Corresponds to
the protocol on clinicaltrials.gov.
Method of AE Yes "Side effects monitored at each clinic visit by means of
monitoring open ended questions..."
SAE definitions  [Yes Adverse events graded on a scale derived from the national
provided? cancer institute common toxicity criteria
Huang 2008
Methods Randomized, double-blind, placebo-controlled study for 6 weeks

with 6 week open label afterwards

Participants

N=74 etanercept; N=78 placebo
Adult patients with AS; patients receiving hydrochloroquine,
sulfasalazine, or methotrexate at screening continued on the
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medication

Interventions

Etanercept 50mg once weekly for 6 weeks or placebo subcutaneously

Outcomes Primary endpoint: ASAS 20 week6. Secondary ASAS 40, ASAS 5/6,
adverse events
Notes Abstract from conference proceeding. Funding source not reported.

Risk of bias table

ltem

Judgement|Description

Adeqguate sequence generation? Unclear  |not reported

Allocation concealment? Unclear  |not reported

Blinding? (Patient assessed outcomes)  Unclear  [“double blind"

Blinding? (Physician assessed outcomes) \Unclear  [“double blind"

Incomplete outcome data addressed? Unclear  |2/152 withdrew, no group or reason

(Efficacy outcomes) given

Incomplete outcome data addressed? Unclear  |2/152 withdrew, no group or reason

(Safety outcomes) given

Free of selective reporting? Yes primary outcome ASAS 20 reported
and appropriate

Method of AE monitoring Yes "Adverse event and routine lab
monitoring”

SAE definitions provided? Unclear  |No SAE definition provided

Inman 2010

Methods Randomized, double-blind, placebo-controlled, multi-centre trial.

Participants

N=76; N=39 infliximab, N=37 placebo Note: one abstract assessing
spinal inflammation with MRI indicates N=32 (16 infiximab and 16
placebo). The study protocol from clinicaltrials.gov indicates the
study is complete and the sample is 76 participants.

Age (mean, years): Treatment group - 42.9 (10.4); Control group -
39.3(9)

% male: Treatment group - 82%; Control group - 78%

% white: Treatment group - 87%; Control group - 89%

Disease duration (years): Treatment group - 11.7 (10.6); Control
group -11.1 (10.3)

Positive for HLA-B27: infliximab=72%; placebo=73%

Inclusion: Adults (>18 years) with active AS (BASDAI >=4).

In those patients taking NSAIDs, DMARDs, analgesics, or
corticosteroids, the dose

must have been stable for at least 14 days (30 days for DMARD)
prior to

the first infusion of study drug. Patients were excluded from the
study if

they had a history of chronic/recurrent infectious disease, including
tuberculosis, hepatitis B, or HIV, and/or a diagnosis of malignancy or
lymphoproliferative disease currently or within the past 5 years.

Interventions

Infliximab 3mg/kg or placebo intravenously at weeks 0, 2, and 6. An
open-label phase followed after week 12 which lasted 46 weeks and
the placebo group crossed over to receive infusions of IFX 3 mg/kg

at Weeks 14, 16, and 22, and every 8 weeks thereafter. "All patients

could receive dose-escalation of IFX to 5 mg/kg at Weeks 22 or 38 if
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the patient had an absolute BASDAI score > 3 and and a relative
decrease of < 50% in BASDAI from baseline". Follow up was for 52
weeks.

Outcomes

Primary outcome listed in study protocol was ASAS 20 at week 12.
Other clinical outcomes in the protocol: BASDAI, BASFI, BASGI,
BASMI, ASAS 40/50/70 and ASAS 5/6 and MRI at week 12 were
reported in the abstracts (though the number of participants is
unclear).

Notes

Study known as "CANaDian evaluation of Low DosE infliximab
(CANDLE)."

Reported in one full-text article and 3 abstracts from conferences.
"Supported by Schering-Plough, Canada”

Risk of bias table

ltem

JudgementDescription

Adequate sequence |Unclear
. not reported
generation?
Allocation Unclear
not reported
concealment?
Blinding? (Patient  \Unclear

assessed outcomes)

"double-blind"; no further details reported

Blinding? (Physician
assessed outcomes)

S "double-blind"; no further details reported

Incomplete outcome |Yes Fig.1 shows the details of patient flow throughout the

data addressed? study. The number of people completing the study at week

(Efficacy outcomes) 12 (RCT phase) was not clearly reported, but the number
of drop outs was low. ITT analysis performed, defined as
those who received one dose of the study drug.

[Tl Ee US|\ Safety outcomes reported for the combined RCT and

Sl lEEEel open-label phase; not for RCT phase separatel

(Safety outcomes) P phase; P P y

Free of selective Unclear  |Primary outcome appropriate but details on adverse events

reporting? only mentioned briefly in an abstract

Method of AE Unclear  |"Safety and tolerability were assessed by the incidence of

monitoring treatment emergent adverse events"

SAE definitions Yes All adverse events were coded using the MedDRA

provided? dictionary of terms (version 9.0).

Lambert 2007

Methods Randomized, multicenter, double-blind, placebo-controlled study

Participants

N=38 adalimumab, N=44 placebo

Age (mean (SD), years): Treatment group - 41.9(11.1); Control group
- 40 (10.9)

% male: Treatment group - 76.3%; Control group - 81.8%

% white: Treatment group - not reported

Disease duration (years (SD)): Treatment group - 14.5 (9); Control
group -12.1 (8.7)

Inclusion:Patients were adults (18 years of age) diagnosed as having
AS as defined by the modified New York criteria, who had been
treated unsuccessfully (nonresponse or lack of tolerance) with 1
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NSAIDs. Patients who had failed to respond to 1 DMARD (e.qg.,
methotrexate,sulfasalazine) were also allowed to enroll. Active AS at
baseline was defined by fulfillment of 2 of the following 3 criteria: a
BASDAI score 4, total back pain visual analog scale score 40, or
morning stiffness of 1 hour in duration. Patients could continue
taking sulfasalazine (3 gm/day), methotrexate (25 mg/week),
hydroxychloroquine (400 mg/day), prednisone and/or prednisone
equivalents (10 mg/day), and/or NSAIDs as long as these doses had
remained stable for 4 weeks before baseline.

Interventions

40mg adalimumab or placebo every other week for 24 weeks
(double-blind phase). Study

visits occurred at baseline, week 2, week 4, every 4 weeks through
week 24

Outcomes

Primary endpoint was ASAS 20 at 12 weeks but results were not
provided in full-text Lambert article, but were reported in a
conference abstract (Maksymowych 2005)

Secondary outcomes of MRI of spine and Sl joints scored using
SPARCC methodology at week 12 were reported in Lambert2007.
Another publication from this trial, Maksymowych 2008, which was
focused on biomarkers for structural damage, also reported BASDAI,
total back pain, patient global, BASFI, BASMI.

Notes

NCT00195819; M03-606 study group

"ROLE OF THE STUDY SPONSOR An advisory committee,
including authors from academic institutions and Abbott
Laboratories, and members of the Abbott Laboratories clinical trial
team designed the study, which was conducted at 11 centers in
Canada. Clinical data were collected and analyzed by Abbott
Laboratories. Data analyses were reviewed by members of the
advisory committee. All authors reviewed and assisted

in the manuscript preparation during its development, agreed to
submit the manuscript, and approved the content of the submitted
manuscript.”

Risk of bias table

ltem

Judgement|Description

Adequate sequence
generation?

S not reported

Allocation concealment?  |Unclear  |not reported

Blinding? (Patient assessed |Unclear (trial protocol states "Double Blind (Subject,

outcomes)

Investigator)"

Blinding? (Physician
assessed outcomes)

Yes "readers were qualified, trained radiologists who
were blinded to the patients' identities, treatments,
and imaging time points”

Incomplete outcome data  |Yes "at baseline and week 12, all 44 patients in the

addressed? (Efficacy
outcomes)

placebo group and 38 in the adalimumab group had
evaluable MRIs"

Incomplete outcome data  \Unclear

addressed? (Safety
outcomes)

safety data not reported in primary publication
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Free of selective reporting?

Yes

primary outcome reported in abstract and other
appropriate outcomes in full text articles

Method of AE monitoring

Unclear

not reported

SAE definitions provided?

Unclear

not reported

Marzo-Ortega 2005

Methods

30 week, single-centre, randomised, double blind placebo controlled
trial

Participants

N=28 infliximab + methotrexate (MTX), N=14 placebo + MTX

Age (mean (range), years): Treatment group - 41 (28-74); Control
group - 39 (30-56)

% male: Treatment group - 82%; Control group - 79%

% white: - not reported

Disease duration (median years (range)): Treatment group - 8 (0-41) ;
Control group - 10 (0-35)

Inclusion:fulfil the modified New York criteria for AS,14 be older
than 18 years of age, and have active spinal disease. This was defined
as persistent inflammatory back pain (defined as 3 cm or more on a
10 cm visual analogue scale (VAS)) and a raised inflammatory
response in serum as shown by a C reactive protein (CRP) value of
more than 10 mg/l despite treatment with conventional agents such as
an optimal

dosage of non-steroidal anti-inflammatory drugs (NSAIDs) or
DMARD:s.

Exclusion: any history of tuberculosis, active infection,
demyelinating disease, previous lymphoproliferative or malighant
disorder, pregnancy, breast feeding, or uncontrolled concomitant
disease in the opinion of the investigator.

Interventions

Infusions of infliximab (5 mg/kg in 250 ml 0.9% NaCl) + MTX or
placebo + MTX.The infusion regimen was weeks 0, 2, 6, 14, and 22.
All subjects also received a dose of 7.5 mg with folic acid cover (5
mg twice a week), which was eventually increased to 10 mg a week.

Outcomes The primary outcome was evaluation of change in the BASDAI score
at weeks 4, 10, and 30. Secondary outcomes were ASAS 20 and
BASDAI 50% response. MRI also assessed.

Notes This study was supported by a grant in aid from Schering-Plough,

UK.

Risk of bias table

ltem

Judgement|Description

Adequate sequence
generation?

Yes "A 2:1 randomisation list was generated by a
statistician (who was unconnected with the final
analysis of results)"

Allocation concealment? |Yes "Study participants, clinical observers, and

metrologists were unaware of the randomisation
code, which was kept in the hospital pharmacy"

Blinding? (Patient assessed Unclear

outcomes)

"double-blind"

Blinding? (Physician
assessed outcomes)

Unclear 4o uble-bling”
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addressed? (Efficacy
outcomes)

Incomplete outcome data |Unclear  |93% completed treatment, 64% completed in control

group; an ITT analysis performed with LOCF
imputation for missing data

Incomplete outcome data |Unclear  (93% completed treatment, 64% completed in control

addressed? (Safety group; an ITT analysis performed with LOCF
outcomes) imputation for missing data
Free of selective reporting?(Yes appropriate outcomes measured

Method of AE monitoring |Unclear  |not reported

SAE definitions provided? [Unclear  |not reported

van der Heijde 2005

Methods

Multicenter, randomized, placebo-controlled study for 24 weeks

Participants

N=201 infliximab N=78 placebo.

Age (mean, years): Treatment group - 40; Control group - 41

% male: Treatment group - 78%; Control group - 87%

% white: Treatment group - 98%; Control group - 97%

Disease duration (years): Treatment group - 8; Control group -13
Patient fulfilling the modified New York criteria for at least 3 months
prior to screening, with BASDAI >=4 (range 0-10) and spinal pain
assessment score >=4 on a VAS (0-10 cm) were eligible for the
study. Patients were also required to have a normal chest radiograph
within 3 months prior to randomization and either a negative TB test.
Exclusion: total ankylosis of the spine (defined by syndesmophytes
present on the lateral views of spinal radiographs at all intervertebral
levels from T6 through S1), any other inflammatory rheumatic
disease, fibromyalgia, a serious infection within 2 months prior to
randomization, TB (active or latent) or recent contact with a person
with active TB, an opportunistic infection within 6 months of
screening, hepatitis, human immunodeficiency virus, a transplanted
organ, malignancy, multiple sclerosis, or congestive heart failure.
Patients were allowed to receive concurrent stable doses of NSAIDs,
acetaminophen (paracetamol), or tramadol during the study. Patients
were not permitted to receive sulfasalazine or methotrexate within 2
weeks prior to screening, systemic corticosteroids within 1 month
prior to screening, anti-TNF therapy other than infliximab within 3
months prior to screening, infliximab at any time prior to screening,
DMARD:s other than sulfasalazine or methotrexate within 6 months
prior to screening, or cytotoxic drugs within 12 months prior to
screening.

Interventions

5 mg/kg infliximab at weeks 0, 2, 6, 12, and 18 vs placebo

Outcomes Primary end point: ASAS 20 responders at week 24. Other:
BASDALI, night pain, patient’s global assessment, BASF, BASMI,
chest expansion, the Mander enthesis index, the total swollen joint
index, the C-reactive protein level, SF-36, adverse events.

Notes "Supported by Centocor Inc"

Risk of bias table

ltem

Judgement/Description

Adequate sequence
generation?

Unclear

"Randomly assigned in 3:8 ratio"
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Allocation concealment? \Unclear  (Unclear "Patients were allocated to treatment groups
using an adaptive treatment allocation stratified by
investigational site and C-reactive protein level..."

Blinding? (Patient Yes "double blind"; "both infliximab and placebo were

assessed outcomes) supplied as sterile, white, lyophilized powders in
single-use 20-ml vials"

Blinding? (Physician Yes "double blind"; probably yes given the blinding of the

assessed outcomes)

study drug

Incomplete outcome data
addressed? (Efficacy
outcomes)

Yes

fairly complete follow up; 75/78 completed in placebo
and 199/201 completed in infliximab group. ITT
analysis.

Incomplete outcome data

Yes

fairly complete follow up; 75/78 completed in placebo

addressed? (Safety and 199/201 completed in infliximab group. ITT

outcomes) analysis.

Free of selective Yes Appropriate out ted

reporting? ppropriate outcomes reported.

Method of AE Unclear "Safety assessments included adverse events,

monitoring infections, infusion reactions, premature
discontinuations, and lab tests"

SAE definitions Unclear  |no general SAE definition provided; but all SAEs that

provided?

occurred were explained

van der Heijde 2006a

Methods

Multicenter, randomized (2:1 ratio) placebo-controlled study

Participants

N=208 adalimumab; N=107 placebo

Age (mean, years): Treatment group - 42; Control group - 43

% male: Treatment group - 76%; Control group - 74%

% white: Treatment group - 97%; Control group - 93%

Disease duration (years): Treatment group - 11; Control group -10
Patients >=18 years of age and classified as having definite AS based
on the modified New York criteria. All had active disease, defined as
fulfillment of at least 2 of the following 3 criteria: BASDAI >=4, a
total back pain score >4 (VAS 0-10 cm), or a duration of morning
stiffness >1 hour.

Patients with stable and well-controlled psoriasis, uveitis,
inflammatory bowel disease (i.e., ulcerative colitis,Crohn’s disease),
and reactive arthritis were allowed to participate. Inadequate
response or intolerance to 1 or more NSAIDs was defined by the
investigators. Patients in whom 1 or more DMARDSs had failed were
also allowed to participate. Patients were allowed to continue any of
the following medications if the dosage had remained stable for at
least 4 weeks before the baseline visit: sulfasalazine (<=3gm/day),
methotrexate (<=25 mg/week), hydroxychloroquine(<=400 mg/day),
prednisone or prednisone equivalent (<=10mg/day), and NSAIDs.
Exclusions:"previously received anti-TNF therapy, cyclosporine,
azathioprine, or DMARDs (other than the medications and dosages
listed above) at any time and patients who had received intraarticular
injection(s) with corticosteroids within 4 weeks prior to baseline.
Patients with latent TB were allowed to participate in the study if a
documented history of treatment was available or if treatment for
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latent TB was initiated before the first dose of study medication.
Patients with clinically active TB were excluded from the study.
History of any recent infections requiring antibiotic treatment;
hepatitis or human immunodeficiency virus; a significant history of
cardiac, renal, neurologic, psychiatric, endocrinologic, metabolic, or
hepatic disease; and a history of demyelinating disease or multiple
sclerosis. History of cancer or lymphoproliferative disease other than
a

successfully treated nonmetastatic squamous cell or basal cell
carcinoma and/or localized carcinoma in situ of the cervix."

Interventions Adalimumab 40 mg every other week or placebo for a 24-week
period.

Outcomes Primary efficacy outcome: percentage of ASAS 20 responders at
week 12. Secondary: ASAS 5/6, ASAS 40.

Notes "Supported by Abbott Laboratories"”

Risk of bias table

ltem

Judgement

Description

Adequate sequence
generation?

Yes

From study author: "A random number generator was used
to generate the randomization numbers. All patients were
centrally randomized using an Interactive VVoice Response
System (IVRS). Randomization occurred within each site."”

Allocation
concealment?

Yes

From study author: "The patient, sponsor and the study sites
were blinded to treatment allocation.” "The treatment
allocation for each patient was provided to the site ina
sealed envelope, to be opened in the case of an emergency in
which the investigator believed that knowledge of study
drug treatment was required. However, no patient was
unblinded during the course of the double blind period."

Blinding? (Patient
assessed outcomes)

Unclear

From study author: "Yes, patients and assessors were
blinded. In particular, the assessor who performed the tender
and swollen joint counts, MASES, and the physical
examination was blinded to information from the patient
reported questionnaires at all visits." However, the double-
blind period appears to have lasted only 12 weeks; patients
who had not achieved an ASAS 20 response at 12 weeks
could enter the early escape period to receive open-label
adalimumab.

Blinding?
(Physician
assessed outcomes)

Yes

From study author: "Yes, patients and assessors were
blinded. In particular, the assessor who performed the tender
and swollen joint counts, MASES, and the physical
examination was blinded to information from the patient
reported questionnaires at all visits."”

Incomplete
outcome data
addressed?
(Efficacy
outcomes)

Yes

95% of participants completed 24 weeks. Intention-to-treat
analysis performed using non-responder imputation.

Incomplete
outcome data

Yes

95% of participants completed 24 weeks.
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addressed? (Safety

outcomes)
Free of selective  |Yes Outcomes reported as prespecified in trial protocol (ASAS
reporting? 20 at week 12). Appropriate outcomes were reported.

monitoring

Method of AE Yes

Adverse events and vital signs assessed at every visit

SAE definitions  [Unclear  |no general SAE definition provided; but each SAE that

provided? occurred was detailed in the report.
van der Heijde 2006b
Methods 12-week, randomized, placebo-controlled, double-blind, multicentre

study with three treatment groups in a 3:3:1 ratio (etanercept 50mg
once weekly: etanercept 25mg twice weekly: placebo).
Study carried out in 38 centres in 11 European countries.

Participants

Etanercept 50mg once weekly:N=155; mean age (SD)=41.5 (11.0);
69.7% male; disease duration, years (SD)=9.0 (8.7).

Etanercept 25mg twice weekly:N=150; mean age (SD)=39.8 (10.7);
76% male; disease duration, years (SD)=10.0 (9.1).

Placebo:N=51; mean age (SD)=40.1 (10.9); 78.4% male; disease
duration, years (SD)=8.5 (6.8).

Inclusion - age 18 to 70 years with active AS based on the Modified
New York Criteria for AS. Active AS defined by VAS >=30 for
duration and intensity of morning stiffness and two or more of the
following:patient global assessment of disease activit VAS >=30;
mean of nocturnal and total pain VAS scores >=30.

"Concomitant oral non-steroidal anti-inflammatory drugs and oral
corticosteroids ((10 mg/day), if stable for

>2 weeks before randomisation, and disease-modifying antirheumatic
drugs (hydroxychloroquine, sulfasalazine and methotrexate), if stable
for >4 weeks before randomisation, were permitted."

Exclusion: "Patients previously treated with TNFa inhibitors,
including etanercept or other biological agents, or disease-modifying
antirheumatic drugs (other than hydrochloroquine, sulfasalazine and
methotrexate) less than 4 weeks before baseline, were not eligible.
Other important exclusion criteria included complete ankylosis
(fusion) of the spine based on radiographic assessment and
concurrent medical events, such as uncontrolled hypertension,
unstable angina pectoris, congestive heart failure, severe pulmonary
disease, cancer, demyelinating diseases of the central nervous system
and serious infections.”

Interventions

Etanercept 50mg once weekly versus etanercept 25mg twice weekly
versus placebo.

Outcomes Non-inferiority design to compare etanercept 50mg once weekly to
25mg twice weekly. Primary outcome: ASAS 20 at week 12.
Secondary outcomes: Secondary outcomes:ASAS 40 and ASAS
5/620 criteria at all time points.

Notes "Study was supported by Wyeth Pharmaceuticals, Collegeville,

Pennsylvania, USA (study drug and grants to investigational sites).

Risk of bias table

Item JudgementDescription

141




Adequa_te sequence \Unclear not reported in article

generation?

oy S not reported in article

concealment?

2y (e (Ul "double-blind", no further details reported

assessed outcomes)

Blinding? Unclear

(Physician assessed "double-blind", no further details reported

outcomes)

Incomplete Yes Reasons for withdrawal were provided. Follow-up was

outcome data greater than 80% in all groups. Modified ITT analyses were

addressed? performed in which "all participants who received at least

(Efficacy one dose of the test drugs" were included in the analyses

outcomes) (356/361 randomized). "A last-observation-carried-forward
approach was used to impute missing data in the modified
intent-to-treat population analysis."”

Incomplete Yes

SLHREIIE G Same as efficacy outcomes

addressed? (Safety '

outcomes)

Free of selective  |Yes .

. All appropriate outcomes were assessed.

reporting?

Method of AE Unclear  |Safety assessments based on reports of AE, routine

monitoring physicals, lab tests

SAE definitions  \Unclear  |refers to "non-infectious serious adverse events" but no

provided? definition provided

Footnotes

AS:Ankylosing Spondylitis

BASDAI - Bath Ankylosing Spondylitis Disease Activity Index
BASFI: Bath Ankylosing Spondylitis Functional Index

BASMI: Bath Ankylosing Spondylitis Metrology index

BASRI-s: Bath Ankylosing Spondylitis Radiology Index for the spine
DFI:Dougados Functional Index

AID: articular index according to Dougados

ESR - erythrocyte sedimentation rate

CRP - C-reactive protein level.

DMARD -disease-modifying antirheumatic drugs

NSAID- non-steroidal anti-inflammatory drugs

VAS: Visual analogue scale

SF-36: short form 36. A health-related assessment of quality of life

Table 2: Characteristics of excluded studies
Barkham 2008b

Reason for exclusion [Trial participant inclusion criteria does not meet review participant
inclusion criteria (inflammatory back pain by Calin criteria <3yrs)

Breban 2008
Reason for exclusion \Trial participants did not meet complete modified NY criteria for AS |
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and the intervention was systematic versus on-demand treatment
using infliximab.

Haibel 2008

Reason for exclusion

The population included in this study "axial spondylarthritis without
radiographically defined sacroiliitis™ does not meet the review's
inclusion criteria. This study is in early AS patients.

Hamza 2007-NRS

Reason for exclusion

Results are reported for AS, but the exposure is less than one patient-
year.

Li 2008

Reason for exclusion

The intervention of infliximab+methotrexate vs infliximab + placebo
assesses effect of methotrexate and does not meet the review's
intervention inclusion criteria

Van den

Bosch 2002

Reason for exclusion

Patients included AS, reactive arthritis, psoriatic arthritis, and
undifferentiated SpA. Results for AS patients only were not available

Visvanathan 2008

Reason for exclusion

not an outcome of interest (biomarker response); clinical outcomes
already reported in van der Heijde 2005 (ASSERT)

Table 3: Summary of findings table

TNF-alpha inhibitors for ankylosing spondylitis

Ilustrative
comparative risks
Corres-
Assumed [ponding
Intervention \:ﬁtl; \C\I/Ttl; Relative Numb_er of Qualit_y of Comments
Outcome|and _ comparat [interventi effect partlt_;lpants the evidence
comparison | on (95% (95% CI) |(studies) (GRADE)
Cl)
TNF-
Placebo |alpha
inhibitor
ASAS 40
Absolute
increased
benefit %=
Et;':\‘j\;‘iipt (25 38% (29% to
weekly or 50 |19 per 57 per RR 3.07 508 CISISIS) 48%).’
mg once 100 100 (2.1110 (3 studies)  |high' Relative %
weekly) versus (39 to 83) (4.47) change=
olacebo 207%(111%
to 347%);
NNT=3(2to
4)
Infliximab 10 per 45 per RR 4.33 355 POP® |Absolute
versus placebo |100 100 (2510 (2 studies)  |high? increased
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(26 to 78) [7.52) benefit %=
35% (27%
t044%);
Relative %
change=
333%(150%
to 652%);
NNT=3(2to
6)
Absolute
increased
benefit %=
27% (17% to
Adalimumab |13 per  [joPer  [RR3.05 g OOOD  [36%);
versus placebo 100 100 (1.821t0 (1 study) high Relative %
(24 to 67) [5.11) change=
205%(82% to
411%); NNT=
4 (310 8)
BASFI
Absolute
increased
The mean benefit % =-
- 16% (-21% to
BASFI in -11%);
Etanercept (25 ghe mean '_che . Relative %
. asfiin  |interventi
mg twice the control|on groups change from
weekly or 50 431 ODPODPPD |baseline = -
mg once groups was (4 studies)  |high 28.6% (-
was 16.09
weekly) versus 547 lower 37.2% to -
placebo . 19.9%));
points (20.95 to NNT to
Ilolv.vze?;) achieve the
MCID of 0.7
points=4 (3
to 6)
Absolute
increased
The mean bene: It %= -
BASFI in ;g:é(;‘: EO i
The mean 'itzferventi 15.4%);
basfi in on groups Relative %
Infliximab the control Was 348 OE®® [change from
versus placebo |groups 101 (2 studies)  |high baseline= -
was Iéwer 31.8% (-38%
6 points to -25.6%);
(2.28to NNT to
Ilc;ai:r) achieve the
MCID of 0.7
points= 3 (2
to 3)
. The mean [The mean Absolute
@1@:}?&:&%0 basfiin |BASFIl in ?29 Ztu dies) ﬁ(ﬁ@@ increased
the control the g benefit %= -
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groups
was
5.2 points

interventi
on groups
was

1.8 lower
(2.27to
1.33
lower)

18% (-22.7%
to -13.3%);
Relative %
change from
baseline= -
32.1% (-
40.5% to -
27.5%);
NNT to
achieve the
MCID of 0.7
points= 3 (3
to 4)°

ASAS partial remission

Etanercept (25
mg twice
weekly or 50
mg once
weekly) versus
placebo

5 per 100

20 per
100
(11 to 35)

RR 3.99
(2.21to0
7.2)

785
(4 studies)

CICICIO)
high'

Absolute
increased
benefit %=
15% (10%
t020%);
Relative %
change =
299% (121%
to 620%);
NNT =7 (4
to15)

Infliximab
versus placebo

1 per 100

23 per
100
(3 to 100)

RR 17.46
(2.45t0
124.51)

279
(1 study)

CICICIS]
moderate*

Absolute
increased
benefit %=
22% (15% to
27%);
Relative %
change =
1646% (145%
to 12,351%);
NNT =5 (2 to
40)

Adalimumab
versus placebo

4 per 100

20 per
100
(8 to 56)

RR 5.53
(2.04 t0
15)

315
(1 study)

CISISIO)
high

Absolute
increased
benefit
%=16% (10%
to 24%);
Relative %
change =
453% (104%
to 1400%);
NNT =5 (3 to
16)

Withdrawals due to adverse events

Etanercept (25
mg twice
weekly or 50
mg once
weekly) versus
placebo

4 per
1000

16 per
1000
(6 to 42)

OR 3.93
(1.4t0
11.02)

942
(5 studies®)

POBO

moderate*

Absolute
increased
harm % =
3%(1% to
6%);
Relative %
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change =
305%(1% to
1523%);
NNT =87 (27
to 629)

Absolute
increased
harm % = 2%

y 22 per  |OR 2.42 (-2% to 5%):
Infliximab 9 per 1y 50" g a9te (346 ODDO - polative %

- 4
versus placebo 1000 (410 113) [14.02) (2 studies) |moderate change =
137%(-53% to

1110%);
NNT =n/a

Absolute
increased
harm %= 0%
Adalimumab 19 per igo%er (FéRlé't%?’ 315 OO®O  (-3% to 3%);
versus placebo 1000 : (1 study) moderate* |Relative%cha
(4 to 105) |5.53) nge=3%(-81%
to 453%);
NNT =n/a

Serious adverse events

Absolute
increased
Etgr:\éz i(i:eept (25 harm %= 2%

-19 05):
weekly or 50 (26 per i’go%er 8_\;51;)1 787 . CIOICIS) (R;;it\?eif)’

. ; 4

mg once 1000 (2010 94) [3.9) (5 studies®) |moderate change = 67%
weekly) versus (-27% to

placebo 28206):
NNT =n/a

Absolute
increased
harm %= 3%

39 per 10 %)
Infliximab (18 per (1000 OR 222 346 OPPO &i,fﬂt\?ee(yf)’

versus placebo 1000 (12 to (707674)' 0 (2 studies)  |moderate* change=
125) 124% (-32%

to 639%);

NNT =n/a

Absolute
increased
harm %= 0%

. 29 per |RR1.03 (-4% to 4%);
Adalimumab 128 per 1000 (0.26 to 315 PODO Relative %

4
versus placebo [1000 (7t 113) |4.03) (1 study) moderate change= 3%
(-74% to

303%);
NNT =n/a

MRI of spine or sacroiliac joints

Etanercept (25 No studies

. See See Not 0 See .
mg twice - assessed this
comment |comment |estimable |(0) comment
weekly or 50 outcome
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mg once
weekly) versus
placebo

Infliximab
versus placebo

See
comment

See
comment

Not
estimable

()

See
comment

Data refers to
spinal MRI
Activity Score
> 1. Also,
reduction in
MRI Activity
Score from
baseline to
week 24 (MD
-4.42, 95% ClI
-5.59 to -3.25
on 0to 138
scale)

Adalimumab
versus placebo

See
comment

See
comment

Not
estimable

(0)

See
comment

Lambert '07:
% change
from baseline
in SPARCC
score:

1. spine:
ADA gp =
53.6% mean
decrease,

PL gp =9.4%
mean
increase;

2.5l joint
mean
decrease:
ADA gp =
52.9%,

PL =12.7%’

Radiogra|

phic progression

Etanercept (25
mg twice
weekly or 50
mg once
weekly) versus
placebo

See
comment

See
comment

Not
estimable

©)

See
comment

No studies
measured this
outcome

Infliximab
versus placebo

See
comment

See
comment

Not
estimable

©)

See
comment

Braun 2002
used the Bath
Ankylosing
Spondylitis
Radiology
Index
(BASRI) to
measure
radiographic
progression
but data was
not provided.

Adalimumab

See

See

Not

See

No studies
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versus placebo

comment [comment |estimable

assessed this
outcome

comment

(©)

Footnotes

! Data from Huang 2006 from an abstract so few details to assewss risk of bias.

% Inman 2010 and van der Heijde 2005 were unclear for allocation concealment, and Inman
also for blinding.
¥ Used van der Heijde 2006a as most representative study for calculations.
* Few events and wide confidence interval.
>3 studies (Brandt 2003, Gorman 2002, Calin 2004) did not have any events in either
treatment or control groups
® Brandt 2003 and Gorman 2002 did not have any events in either treatment or control

groups.

" ADA = adalimumab; PL = placebo; SI = sacroiliac joint

Additional tables
Table 4: Serious adverse event definitions and methods of AE assessment by study

Definition of serious adverse event

Method of assessment of adverse

Study ID | saF) event (AE)
Etanercept
Barkham 2008
(AB) not reported not reported
Braun 2008b
(AB) not reported not reported
Brandt 2003
FT) not reported not reported
Calin 2004 patients were "monitored for AE and
not reported abnormal laboratory tests over the
(FT) ,
course of the study
From original study "the types and
Davis 2003 Ad\_/erse events g_raded on a scale . intensities of adverse events and
derived from National Cancer Institute |. - .
(FT) - L infections reported during the study
Common Toxicity Criteria. "
were recorded
Adverse events graded on a scale
derived from National Cancer Institute |From LTE: "The following variables
Common Toxicity Criteria. were assessed: results of a physical
SAE defined as "any events that examination, vital signs,
(Davis 2005 |resulted in death, a life threatening haematology and chemistry profiles,
LTE) (FT) adverse experience, inpatient urine analysis, antibodies against
hospitalisation or prolongation of etanercept, premature
existing hospitalisation, a persistent or |discontinuation, adverse events,
major disability/incapacity, or a serious adverse events and death."”
congenital anomaly/birth defect.”
Davis 2007 .
LTE (AB) No definition Not reported

Gorman 2002
(FT)

"Adverse events and changes in
laboratory values were graded on a

scale derived from the Common

"At each visit, the study nurse asked
the patients about reactions at the
injection site..." "Side effects were
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Toxicity Criteria of the National
Cancer Insititute"

monitored at each clinic visit by
means of open-ended questions
about any problems that had
occurred since the previous visit"

van der Heijde

SAE not specifically defined but article
stated "Medically important infections
required hospitalisation or parenteral

"safety assessments were based on
reports of AE, routine physical

2006b (FT) A . " . ; examinations and laboratory test

antlmlcroplal agents.” Non infectious results”

and infectious SAE reported separately.
Huang 2008 |, "safety evaluation included adverse
(AB)g not reported event)r:md routine lab monitoring
Infliximab
Braun 2002  |not reported not reported
Heldmann o .
2008 (AB; not reported eP/:?;rf]st-%V\\ll\z:ki?'k ed and examined
LTE)

"safety assessments included

Inman 2010 "all adverse events were coded using inciden_ce and severity_ of A_E, and an
(FT) the MedDRA dictionary of terms evaluation of the relationship of AE

(version 9.0)

to the study drug as assessed by the
individual investigator."

vdH 2005 (FT)

no general SAE definition provided,
but details on each SAE provided

??"safety assessments included
adverse events, infections, infusion
reactions, premature discontinuation,
and laboratory tests"

"safety assessments included adverse

Braun 2008 ( no general SAE definition provided events, infections, infusion reactions

FT; LTE) g P were made at each visit"(every 6
weeks)

Adalimumab

Lambert 2007 |AE not reported in article; SAE not reported

(FT) definition not provided in abstract P

vdH 2006a  |no general SAE definition, but details |adverse events and vital signs

(FT) provided for each SAE that occurred  [assessed at every visit

vdH 2009 (FT;
LTE)

no SAE definition

"safety assessments were based on
observed data reported following any
adalimumab exposure"

vdH 2008
(AB; LTE)

no SAE definition

not reported

Footnotes:

AB=abstract; FT=full text; LTE=long term extension study

Table 5: Adverse events with long-term anti-TNF therapy: results from
observational studies

Adverse event

Etanercept: Davis Infliximab:

2005-72 week OLE

Braun2008-72 week

Adalimumab:vdH2009-
80 week OLE
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of 24 week RCT
(128 pts continued
ETN and 129 from
placebo entered OLE:
results combined;
Results reported for

blinded

extension of 24
week RCT
(results for N=201
entering extension
from original INF

from 24 week RCT;
appears N=311

entered OLE; combined

original treatment
and placebo groups;
results reported for

just 72 week OLE) |group; Results cumulative RCT and

reported for OLE period for up
cumulative to 2 years of
RCT and OLE: adalimumab treatment)
average
94.2 weeks follow-
up)

Type of AE -

. # pts/# # pts/# # pts/#
approximately [Events events Events events Events events
2yr exposure
Total 57/257 # 47/201 # 0 #
withdrawals  |(22.2%)  |patients |(23.4%) patients 56/311 (18%) patients
Withdrawals  |12/257 #
due to AE (5%) patients NR i NR
Total adverse 196/201  # 0 #
events NR i (97.5%) patients 293/311 (94.2%) patients

17/257 0 #
Nausea (6.6%) # AE NR - 27/311 (8.7%) patients
Total serious  |17/257 # 34/201 # 0 #
AE (6.6%) patients |(16.9%) patients 48/311 (15.4%) patients
. . 158/201 # 0 #
Any infection |NR - (78.6%) patients 213/311 (68.5%) patients
Serious oy [ oy [ 0 #
infections 51257 (2%) patients 8/201 (4%) patients 6/311 (1.9%) patients
L2517 21201 (1%)
(0.4%)
. # (PPD+ but |#
Tuberculosis  |(PPD+ but . . 0/311 (0%) -
o patients [no patients
symptoms) symptoms)
. . 2/201 (1%) 4/311 (1.3%)
Malignancies # . #
0/257 (0%) |- (0 . (1 non-Hodgkin's .
or lymphoma lymphoma) patients lymphoma) patients
Abnormal
(clinical) NR - 0/201 (0%) |- 0/311 (0%) -
liver function
Injection
NPT 53/257 . 42/201 # 0 #
sﬂe/mfusmn (20.6%) #patients (21.4%) patients 42/311(13.5%) patients
reaction
Chronic or
Congestive NR - NR - 0/311 (0%) -
heart failure
Demyelination |0/257 (0%) |- NR - 0/311 (0%) -
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Autoimmunity 4
symptoms/ NR - 2/201 (1%) . 0/311 (0%) -
d patients
disorders
Death 0/257 (0%) |- 0/201 (0%) |- 0/311 (0%) -
Adalimumab:van der
Heijde 2008;
OLE from 24 week
RCT;
appears N=311 entered
. OLE;
Etanercept: Davis . -
2008-168 week OLE froe’:tmﬁ? original
of 24 week RCT .
Type of AE - : and placebo groups;
. (128 pts continued
approximately results reported for
ETN and 129 from .

3 year ) cumulative RCT and
exposure placebo entered OLE: OLE period for up to
P results combined; 5 eafs P

Results reported for ofya dalimumab
just 168 week OLE) )
treatment; reported as
AE rate/100 pt years
during 24-week double
blind period versus 3
years adalimumab
exposure )
Total 131/257 # NR
withdrawals  [(49%) patients
Withdrawals  [21/257 #
due to AE (8.2%) patients 3.6 vs3.8/100 ptyrs
Total adverse [234/257  |# NR
events (91.1%) |patients
Nausea NR - NR
Total serious  |33/257 #
AE (12.8%) |patients 10.2 vs 11.1 /100 pt yrs
. . 187/257 W
Any infection (72.8%) patients NR
Serious 6/257 #
infections (2.3%) patients 0.0vs 1.4 /100 ptyrs
. 1/257 #
Tuberculosis (0.4%) patients NR
:V'a"gnancy or - 0.0 vs 0.7 /100 pt yrs
ymphoma
Abnormal liver NR ) NR
function
Injection site  |57/257 # NR
reaction (22.2%)  |patients
Chronic or
congestive NR - NR
heart failure
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Demyelination |0 - NR

Autoimmunity

symptoms/ 0 - NR

disorders

Death 0/257 (0%) |- 1/311 (0.3%)
Infliximab:
Heldmann 2009:
EASIC, a 2 year
OLE after 2 yr
ASSERT

A

5 year total 89 en_tere_d_EASIC

exposure after |an|X|m§b
treatment during lag
phase
Results presented
for the 2 years of the
EASIC study

Total

withdrawals NR i

Withdrawals

due to AE NR i

Total adverse 75/89 #

events (84.3%) patients

Nausea NR -

Total serious

AE NR -

. . #

Any infection 230 total events

Serious #

: . 3

infections events

Tuberculosis 0 -

Lymphoma 0 -

Abno_rmal liver NR i

function

Injection 4

site/infusion 4/89 (4.5%) | _..

. patients

reaction

Chronic or

congestive NR -

heart failure

Demyelination NR -

Autoimmunity

symptoms/ NR -

disorders

Death NR -
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Footnotes

Table 1 provides definitions for serious adverse events (SAE); OLE=open-label extension;

NR=not reported

Table 6: Summary of warnings on the TNF-inhibitors from regulatory agency

websites (April 2010)

Regulatory agency/source

#
relevant/
# hits

Summary of Warnings and Conclusions

MedWatch: The FDA Safety
Information and Adverse Event
Reporting Program

11/16

- Recent warning of increased risk of lymphoma
and other cancers associated with the use of TNF
blockers in children and adolescents; as well
specific warning of leukemia (malignancies
already exists).

- Label warnings added since 2000 for infliximab:
hepatotoxicity; infections (pneumonia specifically
added), lymphoma, tuberculosis, and other serious
opportunistic infections including histoplasmosis,
listeriosis, and pneumocystosis, malignancies.

- Label warnings added since 2000 for etanercept:
serious infections leading to hospitalization or
death, including bacterial sepsis and tuberculosis;
recommendation to screen for latent tuberculosis
infection before beginning Enbrel; lymphoma and
other malignancies, including acute and chronic
leukemia

- Label warnings added since 2000 for
adalimumab: lymphoma and other malignancies;
skin reactions: new or worsening psoriasis (all
sub-types including pustular and palmoplantar) ;
serious infections with the combined use of
Humira (adalimumab) and anakinra,
hypersensitivity reactions, including anaphylaxis,
and hematologic events, including pancytopenia
and aplastic anemia.

European Medicines Agency
(EMEA)

5/73

Since 2000:

- Public statements on Infliximab (Remicade) on
the increased incidence of mortality and
hospitalisation for worsening Congestive Heart
Failure and increased tuberculosis infections

- Humira should not be used in people who may
be hypersensitive (allergic) to adalimumab or any
of the other ingredients. Humira must not be used
in patients with tuberculosis, other severe
infections, or moderate to severe heart failure (an
inability of the heart to pump enough blood
around the body).

-Summary for public: Enbrel: risk of serious
infections and should not be used in people who
may be hypersensitive (allergic) to etanercept or
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any of the other ingredients. Enbrel must not be
used in patients who have or are at risk of sepsis
(when bacteria and toxins circulate in the blood
and start to damage the organs), or in patients with
infections. Before using Enbrel, doctors must
check that the patient is free of infections
including tuberculosis.

UK MHRA Medicines and
Healthcare products Regulatory
Agency: Drug Safety Updates
(formerly Current Problems in
Pharmacovigilance)

4/292

- 2001: states infliximab patients should be
screened for TB

- July 2008: letter to health care providers re:
reports of hepatosplenic T-cell lymphoma in
patients treated with HUMIRA® (adalimumab)

- congestive cardiac failure, cardiomyopathy, the
frequency of blood dyscrasias, demyelination,
infections, adult respiratory distress syndrome and
TB should be kept under close monitoring by the
MA (marketing authorization) Holder

Australian Adverse Drug
Reactions Bulletin

2/72

- Drug-induced lupus erythematosus (June 2009):
An emerging association with TNF inhibitors
- TNA-alpha inhibitors (Dec. 2006): While
extremely effective, TNFalpha inhibitors are
associated with several serious reactions. These
include:

Hypersensitivity reactions - immediately
post-injection or delayed,;

Serious and life-threatening infection and
sepsis;

Recrudescence of tuberculosis and other
granulomatous diseases;

Reactivation of hepatitis B;

Malignancy, including lymphoma;

Haematological reactions such as
pancytopenia and aplastic anaemia;

Autoimmunity - eg, drug-induced lupus;

CNS reactions, including demyelinating
disorders and seizures;

New-onset heart failure or worsening of
advanced heart failure.
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Figures

Adeqguate sequence generation?

Allocation concealment?
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Free of selective reporting?
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SAE definitions provided?
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Bl ves (low risk of bias) [ Junclear [l 1o thigh risk of bias)

Figure 1: Methodological quality graph: review authors' judgements about each
methodological quality item presented as percentages across all included studies.
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Figure 2: Methodological quality summary: review authors' judgements about each
methodological quality item for each included study.
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Relationship of comparators in anti-TNF for ankylosing spondylitis systematic revie'u‘d

INFUXIMAB |y -
.
ETANERCEPT  [4------------f------------ » ADALIMUMAB
v
PLACEBO Existing data
"""" Indirect estimate

Figure 3: Relationship of comparators included in systematic review

Demographicand clinical characteristics of studiesincluded in the indirect comparisons analysis

Study ID # of patients | Endpoint, | AgeT (yrs, | %amalet | Disease Baseline Baseline BASFI
weeks SD) durationT BASDAI(SD)T | (SD)T
{yrs, SD)
Tx | Pl
ETANERCEPT V5 PLACEBO
Brandt03 14 |18 6 39.8(9.1) |714 14.9 (8.3) 6.5(1.2) 6.2(1.8)
Calin04 45 |39 12 45.3(9.5) |80 15(8.8) 61 60.2
Davis03 138 [ 139 24 42.1 76 10.1 58.1 51.7
VDH2006b 150 |51 12,24 39.8(10.7) |76 10(9.1) 59.4(16.7) 57.7 (20.1)
Gormani2 20 |20 16 38(10) 65 15(10) NR 4.5(2.1)
INFLIXIMAE VS PLACEBO
Braun2002 3 |35 12 40.6 (8) 68 16.4 (8.3) 6.5(1.2) 5.1(2.2)
VDH2005 201 |78 24 40(32,47)* | 78 10.1 6.6 (5.3,7.6)* | 5.7(4.5,7.1)*
ADALIMUMAB VS PLACEBO
VDH2006a 208 | 107 12,24 41.7(11.63) | 75.5 11.3 (10) 6.3(1.7) 5.2(2.2)
Lambertd7 38 40 12 41.9 (11.1) | 78 14.5 (9) 6.2 (1.7) 5.3(2.0)
ETANERCEPT V5 INFLIXIMAB
Giardina0s |25 [ 25 6, 104 31.9(9.2) |76 15.4 (10.6) | 6.5(1.2) 6.1(0.9)

Mate:Almast all of trials excluded those with complete fusion of the spine (WDH2006 a restricted to <10% of recruited patients; not stated Lambert2007)

Mean values reported except *=median (IOR)
*values in the treatment group
Tx=treatment; Pl=placebo

MNR=not reported

IQR=interauartile range

WVDH=van der Heijde

Figure 4: Demographic and clinical characteristics of studies included in indirect
comparison analysis
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GLIMMIX MTC ORIGINAL (OR, RE) | Favours
Outcomes DRUG1 DRUG2 OR LCL ucL OR | LCL [ ucL | OR | LCL | UCL
ASAS 5/6 ADALIMUM | Placebo 8.039 0.446 145.0 6.320 [ 0.655 [ 24.700 | 585 | 3.08 | 11.10 | ADA
ETANERCE | Placebo 25.563 0.991 659.532 [ 8339 [ 2812 20100 | 24.98 | 1297 [ 4811 [ EIN
INFLIXIMAB | Placebo 9.456 0.567 157.700 | 22.190 | 3.789 [ 78.610 [ 14.09 [ 5.52 | 36.02 INF
ASAS 50 ADALIMUM [ Placebo 4.243 1.629 11.046 | 5914 | 0738 [ 22530 | 3.60 [ 113 [ 1143 | ADA
ETANERCE | Placebo 6.786 3.856 11.943 8058 | 3.013[ 18050 | 713 [ 415 | 1227 | EIN
INFLIXIMAB | Placebo 7.190 3.260 15.856 14.53 | 3.868 | 63.920 [ 14.67 | 3.03 | 71.08 INF
>50% BASDAI ADALIMUM [ Placebo 4628 2493 8.591 6127 [ 0873 [ 21380 | 417 [ 229 | 759 | ADA
ETANERCE | Placebo 6.875 3.632 13.012 | 9.070 | 2767 | 26.460 | 6.60 | 2.94 [ 1483 [ EIN
INFLIXIMAB | Placebo 7.717 4.286 13.894 | 12590 | 4063 [ 33250 | 953 | 484 | 1878 | INF
ASAS 40 ADALIMUM _|[ Placebo 3932 1.943 7.957 9651 [ 0448 [ 41.040 | 432 [ 237 | 809 | ADA
ETANERCE | Placebo 5.694 2691 12.046 | 9220 | 0.858 | 41.950 | 4.16 | 1.98 | 8.71 ETN
INFLIXIMAB _ | Placebo 5.692 2.804 11.553 9261 | 0.761 | 33290 | 6.60 [ 3.13 [ 13.95 INF
Withdrawals due 1.03 0.19 [ 565 | PL(NS)
to AE ADALIMUM | Placebo 1.573 0.109 22715 | 3.358 | 0.066 | 19.510
ETANERCE | Placebo 4125 0.507 33576 | 7516 [ 0914 | 1541 | 4.03 | 143 [ 11.30 [ PL (NS)
INFLIXIMAB | Placebo 2545 0.348 18.629 | 8225 | 0.305 [ 39.120 | 2.76 | 0.50 | 15.22 | PL(NS)
g 187 | 1.16 | 3.03 | PL(NS)
All Infections ADALIMUM Placebo 1.708 0.731 3.992 2176 | 0.884 | 4.749
ETANERCE | Placebo 1.215 0.666 2215 1.320 [ 0638 | 2320 | 127 | 084 | 191 [ PL(NS)
INFLIXIMAB | Placebo 1.114 0.478 2597 1.028 [ 0371 | 2.081 | 0.80 | 036 | 222 [ PL(NS)
005 | 0.00 | 330 | ADA
Serious Infections | ADALIMUM | Placebo 0.216 0.006 7.512 0.759 | 0.000 | 5346 (NS)
ETANERCE | Placebo 1.247 0.246 6.320 2663 | 0.194 | 12.800 | 225 | 0.30 [ 1713 | PL(NS)
INFLIXIMAB _| Placebo 2693 0.517 14.022 | 7368 | 0.339] 39170 | 5.10 | 0.44 [ 58.76 | PL (NS)
ADA=adalimumab: ETN=etanercept: INF=ipfliximab: PL=placebo; NS=not significant; OR=odds ratio; LCL=lower confidence limit; UCL=upper
confidence limit: RE=random effects

Figure 5: Indirect comparison estimates using GLIMMIX and MTC approaches, as
well as the original estimate, for placebo comparisons

GLIMMIX MTC ITC Favours

Outcomes | DRUG1 DRUG2 OR LCL | ucL OR [ LCL ucL OR | LCL | uCL

ASAS 5/6 | ADALIMUM ETANERCE | 0.315 | 0.017 5.784 | 0.287 | 0.071 4.223 0.23 | 0.09 [ 0.59 ETN
ADALIMUM INFLIXIMAB | 0.850 | 0.076 9.514 | 0.104 [ 0.022 2.714 042 | 013 | 1.29 INF
ETANERCE INFLIXIMAB | 2.703 | 0.159 | 45.991 | 0.336 | 0.099 2.008 1.77 | 0.56 | 5.56 NC*

ASAS 50 ADALIMUM ETANERCE | 0.625 | 0.210 1.865 | 0.311 | 0.080 4.037 051 ] 014 | 1.81 ETN
ADALIMUM INFLIXIMAB | 0.590 | 0.192 1.813 | 0.123 | 0.028 2597 025 | 0.04 | 1.74 INF
ETANERCE INFLIXIMAB | 0.944 | 0.425 2.096 | 0.372 | 0.121 1.899 049 | 0.09 | 258 INF
DIRECTETN | INF 0.50 0.15 1.71 INF

>50%

BASDAI ADALIMUM ETANERCE | 0.673 | 0.309 1.466 | 0.317 | 0.070 3.476 0.63 | 0.23 | 1.73 ETN
ADALIMUM INFLIXIMAB | 0.600 | 0.285 1.262 | 0.235 | 0.056 2.313 044 | 0.18 | 1.08 INF
ETANERCE INFLIXIMAB | 0.891 0.454 1.749 | 0.576 | 0.209 2.567 0.69 | 0.24 | 1.99 INF
DIRECTETN | INF 0.62 0.19 1.99 INF

ASAS 40 ADALIMUM ETANERCE | 0.691 0.133 3579 | 0.198 | 0.038 | 14.144 | 104 | 039 | 2.74 NC*
ADALIMUM INFLIXIMAB | 0.691 0.124 3.841 | 0.229 | 0.047 | 16377 | 0.66 | 0.25 | 1.74 INF
ETANERCE INFLIXIMAB | 1.000 | 0.325 3.076 | 0.698 | 0.168 8.425 0.63 | 0.22 | 1.81 INF
DIRECTETN | INF 0.62 0.20 1.89 INF

Withdrawals

dueto AE | ADALIMUM ETANERCE | 0.381 0.008 | 18.315 | 0.013 | 0.002 4.484 0.25 | 0.03 [ 1.87 ADA
ADALIMUM INFLIXIMAB | 0.618 | 0.024 | 15.641 | 0.024 | 0.009 | 14465 [ 037 | 0.03 | 414 ADA
ETANERCE INFLIXIMAB | 1.621 0.086 | 30.506 | 0.597 | 0.110 [ 101.143 | 146 | 0.20 | 10.75 NC*

All

Infections | ADALIMUM ETANERCE | 1406 | 0.533 3712 | 1.369 | 0575 | 4.822 1.16 | 0.55 | 246 ETN
ADALIMUM INFLIXIMAB | 1.534 | 0487 | 4835 | 1.759 | 0.702 7.886 208 | 0.74 | 5.81 INF
ETANERCE INFLIXIMAB | 1.091 0.413 2.877 | 1151 | 0469 [ 4.119 179 | 061 | 5.25 INF

Serious

Infections | ADALIMUM ETANERCE | 0.173 | 0.005 6.359 | 0.062 | 0.000 7.849 0.02 | 0.00 [ 0.76 ADA
ADALIMUM INFLIXIMAB | 0.080 | 0.002 2.932 | 0.032 | 0.000 3.843 0.01 | 0.00 [ 0.44 ADA
ETANERCE INFLIXIMAB | 0.463 | 0.083 2.574 | 0.180 | 0.030 5.305 0.44 | 0.02 [ 10.55 ETN
DIRECTETN | INF 0.50 0.05 5.03 ETN

ADA=adalimumab: ETN=etanercept: INF=infliximab: OR=odds ratio: LCL=lower confidence limit; UCL=upper confidence limit; NC*=not consistent

Figure 6: Indirect comparison estimates using GLIMMIX, MTC and ITC approaches,

as well as the direct estimate
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Figure 7 (Analysis 8.3): Funnel plot of comparison: TNF-inhibitors versus placebo,
outcome: 8.3 Injection/Infusion site reaction.
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Figure 8 (Analysis 1.17): Funnel plot of comparison: Etanercept (25 mg twice weekly)
versus placebo, outcome: 1.17 ASAS 20.
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Search results from January 2009 and March 2010 update

# of records identified
through database searching
=2445

1

Total # of duplicates removed=802

v

2 additional full-text
articles obtamed from
searching for updates
to mcluded zbstracts

# of records screened # of records
=1644 excluded =1384
v .
Total # of amdes .assessed :d%fd:dt:cl:isth
for eligibility reasons=38
=60 1=r=port of RCT
A=gubstvely
4=wrong population
» 3=wrong outcoms
v 22=pr=-FT conf
shatract
Total # of studies mcluded 2=0LE <100
m 2=not comparator of
qualiative synthesis=13 intarast

(from 24 separate
articles)

v

# of studies mcluded m
quantitative synthesis of
systematic review
N=15

Figure 9: Flowchart of search for RCTs
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Search results for adverse events

# of records identified
through database searching
2053

l

Total # of duplicates removed 550

A 4

# of records screened # of records
1503

excluded=1413

Total # of articles assessed for # of articles
eligibility —p| excluded, with
=86 reasons=82
No separate results
for AS=15; <1 yr
Additional # of .
articles (abstracts) text=2; review=9;
from hand ¥ N<100=37; not a
searching=3 study=4; no safety
data=1
A 4
Total # of non-RCT studies

included in synthesis of
systematic review =4

Figure 10:

Flowchart for adverse events search for non-RCTs
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Teble: Azzsrzment of rizk of biaz innon-FCTE using

Neweasta-Ortana Scale for cohort stedizs

NOS Criteria Swdy | Judzment: Stdy | Judzment Swdy | Judzment Study Judement Study | Jedzment Study Judzment
Selection wdHOD wiH0E Erzun Hald- Dz Daviz02
[ mannd 05
Faprasangtivensss | 0 Highly [1] Highlyzalected |0 Highly szlected | 0 [1] Highly 1] Highty
of the exposd zszlacted for for RCT, 2 for RCT; if2 szlactad for salecied for
cohort RCT,if= significant AE ! RCT;ifa FLCT.ifa
significant in RCT phazs significant significant significant
AE inRCT would not AEinRCT AE inRCT AEinRCT
phaze would contine phasz= would phaze phaze
0t Contime not continge would not would not
condinug
Salection of the N/A Single N/A Single cohodt; WA Single cohort; Na Single NA Single NA
non expo=d cohort; 21 all emposed 2l sxpozad cohort; all cohort; all
cohort exposad exposad
Ascertzinmentof | © mmefthe |0 [ nonz of the o ] nonzofthe | O
EXpOETE published published
articles stated articles
how they stated how seedhow
mzcestainad that zxcermined that thay thay
pearficipant in participants in =zcertained zzcartzinad
the exension the extension that
participants smdy were study were participants participant
in the taking the znti- taking the and- in the in the
i TNF therapy as TNF therspy a5 extension
Demonstrstion * * Strict ewclusion | * Srictexclusion | O Therz waza | * y * y
that ontooms of criteria for RCT crieria for RCT 1.3 war laz criteria for criteriafor
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present at startof RCT (=g of cardisc, in 1, CHF, ASSERT hada
sudy TE, hismry multipla znd bafore i
of candiac, starting
renal, mzlignanc EASICzo
neurol unclear if hospitslizat hospitalizat
fid the outooms iom or IV ion or IV
endocrinolo ‘hepatic 7 Wi prasent anfibiotics) Entibiotics)
Eic and a history of atztartof )] 3
EASIC
& history of
danmyelinati
‘Comparability
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cohortz on the conrolled controllad for, controllzd for; controllad controlled controllad
basziz of the dzzizn singlz singls cohort single cohort for; zinzls for; zingls for; snglz
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Outcome
Azmszment of * Noblinding, | * No blinding, * Only 1 patient * Noblinding, | * No *
oBEomE tut AE of tbut AE of unblinded over tut AE of blinding,
interest had intarast had interasthad but AE of
abjective abjective objective interest had
dizgnostics dizgnostics dizznostics objective
diapnostics
Was follow-up * b * * Yoz 5 ymars | * Tes 15 *
ne enoueh for for veas for
OUEOMES 10 DOuT maliznanciss malignanciss infactions infactions
malienzncis and and
= malignancis maliznanci maliznanci
Adaquacy of * 261311 [] A2T3L1{T3%) | ¢ 61/76(TEW) | D Notreportad O 200:257 [] 1267257
followup of 83 B%raceiv =nd 166201 {TBY) (48%%)
cohortz ad (B2.6%%) complaed completed
adalimumat atlaast 3 years completed 102 T2 weaks 168 wasks
tr2atment to waeks of OLE of OLE
2 years

Figure 11: Assessment of risk of bias in non-RCTs using Newcastle-Ottawa Scale
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Appendices
1 Additional search strategies (January 2009 search)

Database: EMBASE <1980 to 2009 Week 04>
Search Strategy:

2 (ankylosing or spondyl$).mp. (21570)

3 (bekhterev or bechterew).mp. (201)

4 0r/1-3 (21620)

5 exp Tumor Necrosis Factor Receptor/ (5586)
6 exp Tumor Necrosis Factor/ (19676)

7 exp Monoclonal Antibody/ (170176)

8 anti-tumo?r necrosis factor$.mp. (1439)
9 anti-tnf.mp. (3283)

10 etanercept.mp. (7693)

11 enbrel.mp. (1723)

12 infliximab.mp. (11164)

13 remicade.mp. (2218)

14 exp adalimumab/ (3580)

15 humira.sh,rn,tw. (966)

16 trudexa.sh,rn,tw. (10)

17 Monoclonal antibody D2e7.rn,tw. (4)
18 or/5-17 (195408)

19 4 and 18 (1592)

20 random§$.ti,ab. (388596)

21 factorial$.ti,ab. (8106)

22 (crossover$ or cross over$ or cross-over$).ti,ab. (39123)
23 placebo$.ti,ab. (108834)

24 (doubl$ adj blind$).ti,ab. (84015)

25 (singl$ adj blind$).ti,ab. (7379)

26 assign$.ti,ab. (107363)

27 allocat$.ti,ab. (33957)

28 volunteer$.ti,ab. (98245)

29 crossover procedure.sh. (20893)

30 double blind procedure.sh. (71118)

31 randomized controlled trial.sh. (164870)
32 single blind procedure.sh. (7912)

33 0r/20-32 (652278)

34 exp animal/ or nonhuman/ or exp animal experiment/ (3407483)
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35 exp Spondylitis/ (10156)

36 (ankylosing or spondyl$).mp. (21570)
37 (bekhterev or bechterew).mp. (201)

38 0r/35-37 (21620)

39 exp Tumor Necrosis Factor Receptor/ (5586)
40 exp Tumor Necrosis Factor/ (19676)

41 exp Monoclonal Antibody/ (170176)
42 anti-tumo?r necrosis factor$.mp. (1439)
43 anti-tnf.mp. (3283)

44 etanercept.mp. (7693)

45 enbrel.mp. (1723)

46 infliximab.mp. (11164)

47 remicade.mp. (2218)

48 exp adalimumab/ (3580)

49 humira.sh,rn,tw. (966)

50 trudexa.sh,rn,tw. (10)

51 Monoclonal antibody D2e7.rn,tw. (4)
52 or/39-51 (195408)

53 38 and 52 (1592)

54 random$.ti,ab. (388596)

55 factorial$.ti,ab. (8106)

56 (crossover$ or cross over$ or cross-over$).ti,ab. (39123)
57 placebo$.ti,ab. (108834)

58 (doubl$ adj blind$).ti,ab. (84015)

59 (singl$ adj blind$).ti,ab. (7379)

60 assign$.ti,ab. (107363)

61 allocat$.ti,ab. (33957)

62 volunteer$.ti,ab. (98245)

63 crossover procedure.sh. (20893)

64 double blind procedure.sh. (71118)

65 randomized controlled trial.sh. (164870)
66 single blind procedure.sh. (7912)

67 or/54-66 (652278)

68 53 and 67 (230)

69 from 68 keep 1 (1)

Database: EBM Reviews - Cochrane Central Register of Controlled Trials <4th
Quarter 2008> Search Strategy:

1 exp Spondylarthropathies/ (363)

2 (ankylosing or spondyl$).ti,ab. (668)

3 (bekhterev or bechterew).ti,ab. (4)

4 or/1-3 (790)

5 exp Receptors, Tumor Necrosis Factor/ (417)

6 exp Tumor Necrosis Factors/ (1445)

7 exp Antibodies, Monoclonal/ (1920)

8 anti-tumor necrosis factor$.ti,ab. (88)
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9 antitumor necrosis factor$.ti,ab. (2)
10 anti-tnf.ti,ab. (121)

11 antitnf.ti,ab. (1)

12 etanercept.ti,ab. (224)

13 enbrel.ti,ab. (25)

14 infliximab.ti,ab. (256)

15 remicade.ti,ab. (10)

16 adalimumab.ti,ab. (73)

17 humira.ti,ab. (4)

186 0orl1lor7or9orl7orl2or150rl14or8or16or10orl13orb5 (3597)
19 4 and 18 (89)

20 from 19 keep 1 (1)

Database: CLEED, CDSR, ACP Journal Club, DARE, CLHTA Search Strategy:
1 exp Spondylarthropathies/ (40)

2 (ankylosing or spondyl$).ti,ab. (61)

3 (bekhterev or bechterew).ti,ab. (0)

4 or/1-3 (74)

5 exp Receptors, Tumor Necrosis Factor/ (43)
6 exp Tumor Necrosis Factors/ (57)

7 exp Antibodies, Monoclonal/ (237)

8 anti-tumor necrosis factor$.ti,ab. (4)

9 antitumor necrosis factor$.ti,ab. (1)

10 anti-tnf.ti,ab. (9)

11 antitnf.ti,ab. (0)

12 etanercept.ti,ab. (70)

13 enbrel.ti,ab. (2)

14 infliximab.ti,ab. (91)

15 remicade.ti,ab. (5)

16 adalimumab.ti,ab. (30)

17 humira.ti,ab. (4)

186 0orl1lor7or9orl7orl2orl50r14or8orl6or10orl3or5(363)
19 4 and 18 (26)

20 from 19 keep 1-26 (26)

21 from 20 keep 1 (1)

Web of Knowledge 1900-2008
#5  #4 AND #3

#4  TS=(trial* or random™* or placebo* or control* or double or treble or triple or
blind* or mask™* or allocat™ or prospective* or volunteer*or comparative or
evaluation or follow-up or followup)

#3  #2 AND #1
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#2  TS=(tumor necrosis factor* or tumour necrosis factor* or monoclonal antibod*
or anti-tnf or antitnf or etanercept or enbrel or infliximab or remicade)

#1  TS=(ankylos* or spondyl*)
CINAHL

S12/S4 and S11

S11/S5 or S6 or S7 or S8 or S9 or S10

TX etanercept or TX enbrel or TX infliximab or TX remicade or TX
S10_ 7 . :
adalimumab or TX humira

S9 (MH "etanercept+")

S8 |TX "anti-tnf" or TX antitnf

TX "anti-tumor necrosis factor*" or TX "anti-tumour necrosis factor*" or TX
S7 mn - . *II n - . *II
antitumor necrosis factor*" or TX "antitumour necrosis factor

S6 ((MH "Antibodies, Monoclonal™)

S5 ((MH "Tumor Necrosis Factor")

S4 (S1or S2or S3)

S3 |TX (bekhterev or bechterew)

S2 |TX (ankylosing or spondyl*)

S1 |(MH "Spondylarthropathies+")

2 Updated search strategy (2008 to March 2010)
Database: Ovid MEDLINE(R) <1996 to March Week 3 2010> Search Strategy:

1  Spondylitis, Ankylosing/ (3321)

2  (bekhterev* or bechterew™).tw. (109)

3 (ankylosing adj (spondyl$ or rheumatoid)).tw. (3373)
4 or/1-3 (4158)

5 etanercept.sh,rn,tw. (2284)

6 enbrel.sh,rn,tw. (132)

7 infliximab.sh,rn,tw. (5159)

8 remicade.sh,rn,tw. (158)

9 adalimumab.sh,rn,tw. (1371)

10  humira.sh,rn,tw. (68)

11 or/5-10 (6982)

12 4and 11 (561)

13  meta-analysis.mp,pt. (33987)

14  search.tw. (80522)

15 systematic review.tw. (16760)

16 medline.tw. (29002)

17  cochrane database of systematic reviews.jn. (6097
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18 0r/13-17 (121940)

19 randomized controlled trial.pt. (186954)
20  (randomized or placebo).mp. (304855)
21  clinical trial.pt. (253172)

22 0r/19-21 (433732)

23 12 and 18 (21)

24 12 and 22 (196)

25 limit 23 to yr=2008-2010 (7)

26  limit 24 to yr=2008-2010 (52)

27 25 or 26 (56)

Database: EMBASE Search Strategy:

1 (bekhterev* or bechterew*).tw. (280)

2 (ankylosing adj (spondyl$ or rheumatoid)).tw. (7621)
3 ankylosing spondylitis/ (9435)

4 or/1-3 (10693)

5 etanercept/ (9466)

6 (enbrel or etanercept).tw. (5389)

7 infliximab/ (13822)

8 (remicade or infliximab).tw. (8690)

9 adalimumab/ (5039)

10 (adalimumab or humira).tw. (3001)

11 or/5-10 (21310)

12 4and 11 (1702)

13 randomized.tw. (265932)

14  meta-analysis.tw. (31569)

15 systematic review.tw. (26786)

16  or/13-15 (304374)

17 12 and 16 (130)

18  limit 17 to yr=2008-2010 (57)

19 Remove duplicates from MEDLINE (41)

3 Adverse event search strategies
MEDLINE

Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R)
Daily and Ovid MEDLINE(R) 1950 to May Week 2, 2009

1. exp Spondylarthropathies/

2. (ankylosing or spondyl$).ti,ab.

3. (bekhterev or bechterew).ti,ab.

4. or/1-3

5. exp Receptors, Tumor Necrosis Factor/
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6. exp Tumor Necrosis Factors/

7. exp Antibodies, Monoclonal/

8. anti-tumor necrosis factor$.ti,ab.

9. antitumor necrosis factor$.ti,ab.

10. anti-tnf.ti,ab.

11. antitnf.ti,ab.

12. etanercept.ti,ab.

13. enbrel.ti,ab.

14. infliximab.ti,ab.

15. remicade.ti,ab.

16. adalimumab.ti,ab.

17. humira.ti,ab.

18. or/5-17

19. 4 and 18

20. (ae or co or to or po or de).fs.

21. (adverse adj (effect$ or reaction$ or event$ or incident$)).tw.
22. toxic$.tw.

23. ((injurious or undesirable) adj (effect$ or reaction$ or event$ or incident$)).tw.
24. safety.tw.

25. ((drug or chemical$) adj induced).tw.
26. or/20-25

27.19 and 26

Embase 1980 to 2009 Week 20

. exp Spondylitis/

. (ankylosing or spondyl$).mp.

. (bekhterev or bechterew).mp.
.or/1-3

. exp Tumor Necrosis Factor Receptor/
. exp Tumor Necrosis Factor/

. exp Monoclonal Antibody/

. anti-tumo?r necrosis factor$.mp.

. anti-tnf.mp.

10. etanercept.mp.

11. enbrel.mp.

12. infliximab.mp.

13. remicade.mp.

14. exp adalimumab/

15. humira.sh,rn,tw.

16. trudexa.sh,rn,tw.

17. Monoclonal antibody D2e7.rn,tw.
18. or/5-17

19. 4 and 18

20. (ae or si or to or co).fs.

21. (adverse adj (effect$ or reaction$ or event$ or incident$)).tw.

O©CoOoO~NO O WDN PP
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22. toxic$.tw.

23. ((injurious or undesirable) adj (effect$ or reaction$ or event$ or incident$)).tw.
24. safety.tw.

25. ((drug or chemical$) adj induced).tw.

26. or/20-25

27.19 and 26

Web of Knowledge
#1 ankylos* or spondyl*

#2 tumor necrosis factor* or tumour necrosis factor* or monoclonal antibod* or anti-
tnf or antitnf or etanercept or enbrel or infliximab or remicade

#3 adverse or reaction*® or event* or incident® or toxic* or injurious or undesirable or
safety or "drug induced" or "chemical* induced"

#4 #1 AND #2 AND #3
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Forest Plots
1.1 BASDAI (0-100 scale)

Etanercept Placeho Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 6 weeks
Brandt 2003 3@ 149 14 58 20 16 14.2%  -23.00 [[36.97,-8.03]
Subtotal (95% CI) 14 16 142% -23.00[-36.97,-9.03] oo
Heterogeneity: Mot applicable
Testfor overall effect £=3.23 (P=0001)
1.1.2 24 weeks
Davig 2003 345 247 138 551 236 139 858% -2060[-26.29 -14.91] t
Subtotal (95% CI) 138 139 85.8% -20.60[-26.29, -14.91]
Heterogeneity: Mot applicakble
Testfor overall effect 2= 710 (P = 0.00001})
Total (95% CI) 152 155 100.0% -20.94 [-26.21, -15.67] -

Heterogeneity: Chi®= 0,10, df=1 {P=0.76), F=0%
Testfor overall effect 2= 779 (P = 0.00001)

Testfor subaroup differences: Chif=010. df=1 (P =076 F= 0%

1.2 Fatigue (0-10 scale)

30 -f0 0 10 20
Favours etanercept Favours placeho

Etanercept Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 6 weeks
Brandt 2003 45 17 14 B 22 16 100.0% -1.50F2.80,-0.10] t
Subtotal (95% CI) 14 16 100.0% -1.50[-2.90,-0.10]
Heterogeneity: Mot applicable
Testfor averall effect: Z=2.10(F = 0.04)
Total (95% CI) 14 16 100.0% -1.50[-2.90,-0.10] s
Tostforovoral efisct 2+ 210 =004 S I A

Estibroverall & EC,' =210(P=0. ) Fawours etanercept Favours placeho
Testfor subaroun differences: Mot apelicable
1.3 Spinal pain (0-100 scale)

Etanercept Placebho Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.3.1 6 weeks (0-100mm)
Brandt 2003 =Ry | 14 B8 22 16 10.7% -29.00[44.40, -13.60] —
Subtotal (95% CI) 14 16 10.7% -29.00 [-44.40, -13.60] -
Heterageneity: Mot applicable
Testfor overall effect 2= 3.69 (P =0.0002)
1.3.2 12 weeks (0-100 mm)
Calin 2004 31 274 45 512 258 38 19.7%  -20.20 [-31.56,-8.84] —
Subtotal (95% CI) 45 39 19.7% -20.20 [-31.56, -8.84] e 2
Heterageneity: Mot applicable
Testfor overall effect 2= 3.48 (P = 0.0005)
1.3.3 16 weeks (0-100mm, nocturnal)
Gorman 2002 15 24.3 20 38 278 20 9.7% -23.00[-39.18,-6.82) I
Subtotal (95% CI) 20 20 9.7% -23.00[-39.18, -6.82] -
Heterageneity: Mot applicable
Testfor overall effect Z=2.79 (F = 0.005)
1.3.4 24 weeks (0-100 mm)
Davis 2003 371 282 138 578 271 139 5409% -2070[27.21,-14149) u
Subtotal (95% CI) 138 139 59.9% -20.70[-27.21, -14.19] &
Heterageneity: Mot applicable
Testfor overall effect Z=6.23 (F = 0.00001)
Total (95% Cl) 217 214 100.0% -21.71[-26.76, -16.67] L 2
Heterageneity: Chi*=1.05 df=3{P=0.79); F=0% o0 Ao b =0 100

Testfor overall effect Z=8.44 (F = 0.00001)

Testfor subaroun differences: Chit=1.05 df= 3(P=0.79. F=0%
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1.4 Peripheral joint pain (0-10 scale)

Etanercept Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Fixed, 95% CI IV, Fixed, 95% CI
1.4.1 6 weeks
Brrardt 2003 21 24 14 48 28 16 1000% -1.70 [3.60, 0.20] 1
Subtotal (95% CI) 14 16 100.0% -1.70[-3.60,0.20]
Heterageneity: Mot applicable
Testfor overall effect: Z=1.76 {F = 0.08)
Total (95% CI) 14 16 100.0% -1.70[-3.60,0.20] ot
Heterogeneity: Mot applicahble '—1D .5 B :.5 1D'

Testfor overall effect Z= 1.76 (P = 0.08)
Testfor subaroun differences: Mot applicable
1.5 Entheseal pain (0-10 scale)

Favours etanercept Favours placebo

Etanercept Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.5.1 6 weeks
Brandt 2003 36 24 14 58 26 16 1000% -2.30[-4.09,-051] t
Subtotal (95% CI) 14 16 1000% -2.30[-4.09,-0.51]
Heterogeneity: Mot applicable
Testfor owerall effect 2= 252 (F=0.01)
Total (95% CI) 14 16 100.0% -2.30[-4.09, -0.51] -l
Heterogeneity: Mot applicable T = b : 10

Test for owerall effect £=2.52 (F=0.01)
Testfor subaroun differences: Not apnlicable

1.6 Morning stiffness - severity

Favours Etanercept Favours Placebao

Etanercept Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.6.1 6 weeks
Brandt 2003 329 23 14 a4 3 16 100.0% -2.61 [-4.481,-0.71] t
Subtotal (95% Cl) 14 16 1000% -2.61[-451,-0.71]
Heterogeneity: Mot applicable
Test for averall effect: £= 2 69 (F = 0.007)
Total (95% CI) 14 16 100.0% -2.61[-4.51,-0.71] . 3
Heterogeneity: Mot applicable -_1 1 ;3 ) é 10'

Test for averall effect: Z= 2 69 (F = 0.007)
Testfor subaroun differences: Mot anolicable
1.7 Morning stiffness - duration (minutes)

Etanercept Placebo
Study or Subgroup Mean SD Total Mean SD Total

Mean Difference

Weight IV, Fixed, 95% CI

Favours etanercept Favours placebo

Mean Difference
IV, Fined, 95% CI

1.7.1 16 weeks

Garman 2002 25 7849 20 B0 65 20
Subtotal (95% CI) 20 20

Heterogeneity: Mat applicable
Test for overall effect Z=1.52(F =013}

Total (95% CI) 20 20

Heterogeneity: Mot applicable
Test for averall effect Z=1.83 (P=013)
Test for suboroun differences: Mot apnlicable

1.8 Morning stiffness - mean of severity and duration

100.0% -35.00 [79.80, 9.80]
100.0% -35.00 [-79.80, 9.80]

100.0% -35.00 [-79.80, 9.80]

——

100 -50 0 50 100
Favours etanercept Favours placebo

Treatment Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.8.1 24 weeks
Davis 2003 334 27 138 566 248 139 1000% -23.20[28.31,-17.08] ,
Subtotal (95% CI) 138 139 100.0% -23.20[-29.31, -17.09]

Heterogeneity: Mot applicahle
Testfor averall effect Z=7.45 (P = 0.00001)

Total (95% CI) 138 139
Heterogeneity: Mot applicable

Testfor overall effect: Z=7.45 (F = 0.00001;

Test for subaroun differences: Mot anplicable

100.0% -23.20 [-29.31, -17.09] *
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1.9 Morning stiffness - duration (VAS)

Treatment Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Brandt 2003 1.4 0.8 14 43 23 16 100.0% -2.80F4.10,-1.70]
Total (95% CI) 14 16 100.0% -2.90[-4.10, -1.70] <
?Et??genmﬁ Nfurt atpgh—cjb?lea P = 0.00001 A0 5 u 5 10

estfor overall effect Z= 4.73 ( : ) Fawours etancercept Favours placebo
1.10 BASFI (0-100 scale, none to severe limitations)

Etanercept Placebho Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.10.1 6 weeks
Brandt 2003 43 23 14 81 24 16 8.3% -8.00[24.84, 884 T
Subtotal (95% CI) 14 16 8.3% -8.00 [-24.84, 8.84] -
Heterogeneity: ot applicahle
Testfor overall effect Z=0.93 (F=0.39)
1.10.2 12 weeks
Calin 2004 396 283 45 5389 24 39 18.49% -1430[2548,-3132) —
Subtotal (95% CI) 45 39 18.9% -14.30[-25.48,-3.12] <P
Heterageneity: Mot applicable
Testfor overall effect Z=2.51 (F=0.01)
1.10.3 16 weeks
Gorman 2002 22 0N 20 3130 20 9.7% -9.00 [-25.05, 7.04] e
Subtotal (95% CI) 20 20 9.2% -9.00 [-25.05, 7.05] S .o
Heterageneity: Mot applicable
Testfor overall effect Z=1.10{F=0.27)
1.10.4 24 weeks
Davis 2003 36 258 138 547 259 139 B3T7% -18.70[24.79 -1261] L
Subtotal (95% CI) 138 139  63.7% -18.70[-24.79, -12.61] <
Heterageneity: Mot applicable
Testfor overall effect Z=6.02 (F = 0.00001)
Total (95% Cl) 217 214 100.0% -16.09 [-20.95, -11.23] L 2
Heterogeneity, Chi®= 2.44 df=3 (P =049), F=0% T B a0 o0

Testfor overall effect Z=6.49 (F = 0.00001)

Testfor subaroun differences: Chi*= 244 df= 3(P=049. F=0%

Favours etanercept Favours placeho

1.11 BASMI

Etanercept Placeho Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.11.1 6 weeks
Brandt 2003 264 1.9 14 3483 236 16 100.0% -0.89[-2.38 0.60]
Subtotal (95% CI) 14 16 100.0% -0.89 [-2.38, 0.60]

Heterogeneity: Mot applicable
Testfor averall effect Z=117 (P=0.24)

Total (95% CI) 14
Heterogeneity: Mot applicable
Testfor averall effect Z=117 {F=0.24

Testfor subdroun differences: Mot aonlicable

16 100.0%
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1.12 Patient global assessment

Etanercept Placeho Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.12.1 16 weeks (disease activity 0-5 scale)
Gorman 2002 2 0& 20 3 08 200 11.2% -1.28 [-1.97,-0.59] -
Subtotal (95% CI) 20 20 11.2% -1.28 [-1.97, -0.59] i

Heterogeneity: Mot applicable
Test for overall effect: 7= 3 66 {F = 0.0003)

1.12.2 24 weeks (disease activity 0-100 VAS)

Davis 2003 36 282 138 563 21 138 3EE% -0.73 [-0.98,-0.48] ,
Subtotal (95% CI) 138 139 88.8% -0.73[-0.98, -0.49]

Heterogeneity: Mot applicable
Test for overall effect: Z= 590 (P = 0.000013%

Total (95% CI) 158 159 100.0% -0.79 [-1.02, -0.56] &

Heterogeneity, Chi*= 218 df=1 (P=014) P=54%

Testfor averall effect: Z=6.75 {F = 0.00001)

Testfor subaroun differences: Chif=218.df=1(P=014. F=542%
1.13 Physician global assessment

‘4 -2 0 2 4
Favours etanercept Favours placebo

Etanercept Placebho Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.13.1 16 weeks (0-100 mm)
Gorman 2002 23 106 20 585 227 20 100.0% -32.50[-43.48 -21.52] !
Subtotal (95% CI) 20 20 100.0% -32.50[-43.48,-21.52]

Heterageneity: Mot applicable
Testfor overall effect Z=5.80 (F = 0.00001)

Total (95% Cl) 20 20 100.0% -32.50[-43.48,-21.52] <
Heterageneity: Mot applicable

Testfor overall effect Z=5.80 (F = 0.00001)
Testfor subaroun differences: Not anolicable

o0 -50 0 50 100
Favours etanercept Favours placebo

1.14 >20% improvement in BASDAI

Etanercept Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Bwvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.14.1 6 weeks
Brandt 2003 12 14 5 16 1000%  2.74[1.29, 58] i
Subtotal (95% CI) 14 16 1000%  2.74[1.29,5.85]
Total events 12 ]
Heterogeneity: Mot applicahle
Test for overall effect; £= 261 (P =0.009)
Total (95% CI) 14 16 100.0%  2.74[1.29, 5.85] g
Taotal events 12 a
Heterageneity: Mot applicahle IU.1 D:E D:S ﬁ :-3 1D'

Test for overall effect; £= 2.61 (P = 0.009) Favours placehn Favours etanercept
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1.15 =50% improwvement in BASDAI

Etanercept Placeho Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CIl
1.15.1 6 weeks
Erandt 2003 g 14 1 16 5.9% 914 [1.30, 64.34]
Subtotal (95% CI) 14 16 5.9% 9.14[1.30, 64.34] -~
Total events g 1

Heterogeneity: Mot applicable
Testfor overall effect 2= 222 (P=0.03)

1.15.2 12 weeks

van der Heijde 20060 87 150 10 &1 941%  2.96[1 67, 5.24] !
Subtotal (95% CI) 150 51 94.1%  2.96[1.67, 5.24]
Tatal events 87 10

Heterogeneity: Mot applicable
Test for averall effect: Z=3.72 (P=0.0002)

Total (95% CI) 164 67 100.0%  3.32[1.93,5.72] 3
Total events 95 1
Heterogeneity: Chi*=1.19, df=1 (P =027}, F= 16%
Test for overall effect: 2= 4234 (P = 0.0001)

002 04 10 a0
Favours placebo  Favours etanercept
1.16 =70% improvement in BASDAI

Etanercept Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Bwents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.16.1 6 weeks

Erandt 2003 1 14 ] 16 100.0% 3.40[0.14, 77.34] l
Subtotal (95% CI) 14 16 100.0% 3.40[0.15,77.34]
Total events 1 a

Heterageneity: Mot applicahle
Test far averall effect: Z=0.77 (P =0.44)

Total (95% CI) 14 16 100.0% 3.40[0.15,77.34] ——ee——
Total events 1 a
Heterogeneity: Mot applicahle

Test for overall effect: Z=0.77 (F=0.44)

0,01 01 10 100
Favours placebo  Favours etanercept
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1.17 ASAS 20

Etanercept Placeho Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CIl
1.17.1 6 weeks
Erandt 2003 11 14 4 16 3.2% 314 [1.28, 7.67]
Subtotal (95% CI) 14 16 3.2%  3.14[1.29, 7.67] ——aailii—
Total events 11 4

Heterogeneity: Mot applicable
Testfor overall effect 2= 252 (P=0.01)

1.17.2 12 weeks

Calin 2004 26 45 g9 3\ 81% 2.50[1.34, 4.68] e
Davis 2003 82 138 39 139 328% 212 [1.47, 2.56] —a—
vah der Heijde 2006k 107 150 19 81 23.9% 1.91[1.32, 2.77] —
Subtotal (95% CI) 333 229 64.9%  2.09[1.68, 2.60] L 2
Total events 2148 67

Heterogeneity, Chif=0.54, df= 2 (P = 0.76), F= 0%
Test for overall effect Z=6.62 (P = 0.00001)

1.17.3 16 weeks

Gorman 2002 15 20 7 20 549% 2141112, 410 I —
Subtotal (95% CI) 20 20 59%  2.14[1.12, 4.10] B
Total events 15 T

Heterogeneity: Mot applicable
Testfor overall effect 2= 230 (F=0.02)

1.17.4 24 weeks

Dravis 2003 T8 138 3139 Z61% 2.63[1.80, 3.57] —
Subtotal (95% CI) 138 139 26.1%  2.53[1.80, 3.57] -
Total events 78 kil

Heterogeneity: Mot applicable
Test for overall effect Z=5.31 (P = 0.00001)

Total (95% CI) 505 404 100.0%  2.24[1.88, 2.67] L 2

Total events N9 109

Heterogeneity: Chi : 202, df=5(F=0.88);F=0% 'D,1 ufz 0:5 1 0
Test for overall effect. Z= 910 (P = 0.00001) Favours placeho Favours stanercept

1.18 ASAS 20% 3/5

Treatment Control Risk Ratio Risk Ratio
Study or Subgroup  Ewvents Total Ewvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.18.1 16 weeks
Gorman 2002 16 20 § 20 100.0% 267 [1.325.39] i
Subtotal (95% CI) 20 20 100.0%  2.67[1.32,5.39]
Total events 16 A
Heterageneity: Mot applicahle
Test for overall effect: £=2.73 (P = 0.006)
Total (95% CI) 20 20 100.0%  2.67[1.32,5.39] —l—
Total events 16 g
Heterogeneity: Mot applicahle IEI.1 D:Z D:S ﬁ é 1E|'

Test for overall effect: £= 2. 73 (P = 0.0086) Favours placehn  Favours etanercept

1.19 ASAS 40
Etanercept Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Ewvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
van der Heijde 2006k a0 140 1 51 100.0% 247 [1.43, 4.26]
Total (95% CI) 150 51 100.0%  2.47[1.43, 4.26] -
Taotal events a0 11
Heterogeneity: Mot applicable El,hS 0:2 é 2'E|

Testfor overall effect: 2= 3.26 (P=0.001) Favours placebo Faviours etanercept
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1.20 ASAS 50

Etanercept Placebo Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl

1.20.1 6 weeks

Erandt 2003 B 14 2 16 9.3% 3.43[0.82 14.33] -+

Subtotal (95% CI) 14 16 9.3% 3.43[0.82, 14.33] e

Total events A 2

Heterageneity: Mot applicahle

Test far overall effect: Z2=1.69 (P = 0.09)

1.20.2 12 weeks

Calin 2004 22 45 4 39 21.3% 477 [1.80,12.64] —=—F

Subtotal (95% CI) 45 39 21.3% 4.77[1.80, 12.64] e

Total events 24 4

Heterageneity: Mot applicahle

Test far overall effect: Z= 314 (P =0.002)

1.20.3 24 weeks

Davis 2003 61 138 14 139 G69.4%  4.39[2.58, 7.46] ——

Subtotal (95% CI) 138 139 69.4%  4.39 [2.58, 7.46] ~al-

Total events A1 14

Heterageneity: Mot applicahle

Test for overall effect: Z= 546 (P = 0.000013

Total (95% CI) 197 194 100.0%  4.38 [2.81, 6.83] -

Total events a4 20

Heterogeneity: Chi = 014, di=2{P=0493),F=0% IU.1 D:Z D:S 3 L

Test for overall effect: £= 6542 (P = 0.00001) Favours placehn  Favours etanercept

1.21 ASAS 70
Etanercept Placebo Risk Ratio Risk Ratio

Study or Subgroup  Events Total Bwents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.21.1 24 weeks

Davis 2003 a1 138 7 139 100.0% 590 [2.74, 12.69] t

Subtotal (95% CI) 138 139 100.0% 5.90[2.74, 12.69]

Total events 41 7

Heterageneity: Mot applicahle

Test far overall effect: Z= 4 54 (P = 0.000013

Total (95% CI) 138 139 100.0% 5.90[2.74, 12.69] -l

Total events 41 7

Heterogeneity: Mot applicable f t f {
0,01 0,1 10 100

Test for overall effect: £= 4 44 (P = 0.00001) Favours placehn Favours etanercept

1.22 ASAS 56 - 24 weeks
Etanercept Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

van der Heijde 2006k 108 1580 14 150 100.0% 7.71[4.64, 1283

Total (95% CI) 150 150 100.0% 7.71[4.64, 12.83] L 3

Total events 108 14

Heterogeneity: Mot applicable ID,D1 0:1 1.D 1DD.

Testfor overall effect: Z=7.87 (F = 0.00001)

Favours placebo  Favours etanercept
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1.23 ESR

Etanercept Placebho Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.23.1 16 weeks (mm/hr)
Gorman 2002 85 128 20 165 187 20 15.2% -8.00[17.93,1.83] -
Subtotal (95% CI) 20 20 15.2% -8.00[-17.93, 1.93] s
Heterageneity: Mot applicable
Testfor overall effect Z=1.58 (F=0.11)
1.23.2 24 weeks (mm/hr)
Davis 2003 112 117 138 259 224 139 848% -1470[18.90,-1050] .
Subtotal (95% CI) 138 139 84.8% -14.70[-18.90, -10.50] [
Heterageneity: Mot applicable
Testfor overall effect Z=6.85 (F = 0.00001)
Total (95% Cl) 158 159 100.0% -13.68 [-17.55, -9.81] +
Heterogeneity: Chi*=1.48,df=1{(F=0.22) ?=33% T b 0 100

Testfor overall effect Z=6.93 (F = 0.00001)

Testfor subaroun differences: Chi*=148 df=1(P=022. F=326%

1.24 C-reactive protein

Etanercept Placebo

Study or Subgroup Mean SD Total Mean

SD Total Weight

Mean Difference
I, Fixed, 95% Cl

Favours etanercept Favours placeho

Mean Difference
IV, Fixed, 95% CI

1.24.1 16 weeks (mg/dl)

Gorman 2002 or 11 20 228
Subtotal (95% Cl) 20
Heterogeneity: Mot applicahle

Test for overall effect; £=1.93 (F = 0.09)

1.24.2 24 weeks (mg/dl)

Diavig 2003 06 1.2 138 149 2.4
Subtotal (95% CI) 138

Heterogeneity: Mot applicahle
Test for overall effect: £=5.71 (P = 0.00001})

Total (95% CI) 158
Heterogeneity; Chi*=0.00, df=1{P=1.00} F=0%
Test for overall effect £=6.03 (P = 0.00001})

20 10.3% -1.30[-2.62 007
20 10.3% -1.30[-2.62, 0.02]
139 89.7% -1.301.75,-0.85]
139  89.7% -1.30[-1.75,-0.85]

159 100.0% -1.30[-1.72,-0.88]

Testfor subaroun differences: Chi*F=000. df=1 (P=1.000. F=0%

1.25 Chest expansion (cm)

— ]

>

n
¢

+
I I} I |
-10 -5 i g 10
Favours etanercept Favours placebo

Etanercept Placeho Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Fixed, 95% Cl IV, Fixed, 95% CI
1.25.1 16 weeks
Goarman 2002 35 14 20 28 1.7 20 16.5% 060[F-0.52,1.7 -
Subtotal (95% CI) 20 20 16.5% 0.60[-0.52,1.72] —~oi—
Heterogeneity: Mot applicahle
Testfor averall effect: Z=1.05 (P =0.29)
1.25.2 24 weeks
Dravis 2003 385 23 138 301 19 139 835% 084[034,1.34] -.—
Subtotal (95% CI) 138 139 83.5% 0.84[0.34, 1.34] -
Heterogeneity: Mot applicahle
Testfor averall effect: 2= 3.31 (P =0.0009)
Total (95% CI) 158 159 100.0% 0.80[0.35, 1.25] -
Heterogeneity Chif= 015, df=1 (P=0.70) F= 0% f t

Testfor averall effect: 2= 345 (P = 0.0008)

Testfor subaroun diferences: Chi= 014 df=1(P=10.

. F=0%
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1.26 Modified Schober's lumbar flexion (cm)

Etanercept Placebho Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
1.26.1 16 weeks
Gorman 2002 134 16 200 134 1A 20 14.0% 0.00[-0.96, 0.96] S
Subtotal (95% CI) 20 20 14.0% 0.00 [-0.96, 0.96] —~ati——
Heterageneity: Mot applicahle
Test for overall effect: 2= 0.00(F =1.00)
1.26.2 24 weeks
Davis 2003 334 176 138 288 1483 138 B860% 046([007F 0849 t
Subtotal (95% CI) 138 139 86.0% 0.46[0.07,0.85]
Heterogeneity; Mot applicahle
Test for overall effect, £= 232 (F =0.02)
Total (95% CI) 158 159 100.0% 0.40[0.04, 0.76] s 2
Heterogeneity: Chi*= 0.76, df=1 (P =0.28); F= 0% Iz 51 1 1! é
Testfor overall effect: 2= 2.15(F = 0.03) Favours placeho  Favours etanercept
Testfor subaroun differences: Chi*=0.76. df=1 (FP=038L F=0%

1.27 ASAS Partial remission
Etanercept Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Ewents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Davig 2003 24 138 B 138 &7.2% 4.03[1.70, 9.595] —l—
van der Heijde 2006k 32 1a0 3 a1l 428%  363[1.16,11.34] —a—
Total (95% CI) 288 190 100.0%  3.86[193,7.70] .
Total events Lila] 9
Heterageneity Chi®= 002, df=1 (F=0.88), F=0% 'D,D1 0:1 11 o0

Testfor overall effect. 2= 3.82 (P = 0.0001)

1.28 Occiput to wall (cm)

Favours placebo  Favours etanercept

Etanercept Placeho Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight NI, Fixed, 95% CI IV, Fixed, 95% CI
1.28.1 16 weeks
Garman 2002 47 TH 20 27 44 20 156% 2.00[1.89, 5.89] B
Subtotal (95% CI) 20 20 15.6% 2.00[-1.85, 5.85] ——aa——
Heterogeneity: Mot applicable
Testfor overall effect Z=1.02 (F=0.31)
1.28.2 24 weeks
Davis 2003 453 587 138 B0 802 139 B844% -1.48[3.13, 017 1
Subtotal (95% CI) 138 139 84.4% -1.48[-3.13,0.17]
Heterogeneity: Mot applicable
Test for awerall effect Z=1.75 (F=0.08)
Total (95% CI) 158 159 100.0% -0.94[-2.46, 0.58] -
Heterogeneity: Chi*= 2,65, df=1 (P=010); F= §2% 54 52 2 é ji

Testfor owverall effect =121 (FP=0.23)

Testfor subaroun differences: Chi*= 265 df=1(P=010% F=62.3%

1.29 Reduction in NSAID use by 50%

Favours etanercept Favours placeho

Etanercept Placebo Risk Ratio Risk Ratio
Study or Subgroup  BEvents Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.29.1 6 weeks
Brandt 2003 ] 14 1 16 100.0% 10.29[1.48, 71.40]
Subtotal (95% CI) 14 16 100.0% 10.29 [1.48, 71.40]
Total events 9 1

Heterogeneity: Mot applicable
Testfor overall effect: £= 2.36 (P = 0.02)

Total (95% CI)

Total events q
Heterogeneity: Mot applicahle
Testfor overall effect 2= 236 (F=0.02)

14 16 100.0%

10.29[1.48, 71.40]
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1.30 Stopped use of NSAIDs

Etanercept Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Bwents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.30.1 6 weeks
Brandt 2003 5 14 2 16 100.0%  2.86 [0.65,12.48] —t
Subtotal (95% CI) 14 16 100.0% 2.86 [0.65, 12.48]
Total events a 2
Heterageneity: Mot applicahle
Test far overall effect: Z=1.40 (P =0.16)
Total (95% CI) 14 16 100.0% 2.8B6 [0.65, 12.48] ~tanliiie—
Total events g 2
estfor overall effect 2= 1.40 (F = 0.16) Favours placebo  Favours etanercept
1.31 Total withdrawals
Etanercept Placebo Peto Odds Ratio Peto Odds Ratio

Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% Cl Peto, Fixed, 95% CI
van der Heijde 2006h 14 150 7 51 100.0% 063[0.22,1.77]
Total (95% CI) 150 51 100.0% 0.63[0.22, 1.77] B
Total events 14 7
Heterogeneity: Mot applicahle } } } }

A B oo0s 02 5 20
Testfor averall effect: 2= 0.88 (P = 0.38) Favours etanercept Favours placebo

1.32 Withdrawals due to inefficacy
Etanercept Placebo Peto Odds Ratio Peto Odds Ratio

Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% Cl Peto, Fixed, 95% CI
van der Heijde 2006h 3150 3 51 100.0% 0.26[0.04,1.70] —
Total (95% CI) 150 51 100.0% 0.26 [0.04, 1.70] —eel -
Total events 3 3
Heterogeneity: Mot applicahle 0 Iu5 DIE % 2’0

Test for averall effect: Z=1.40(FP =0.16)
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1.33 Withdrawals due to adverse events

Etanercept Placebo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Bvents Total Bvents Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
1.33.1 6 weeks
Brandt 2003 0 14 0 16 Mot estimahble
Subtotal (95% CI) 14 16 Mot estimable
Taotal events 1] a
Heterogeneity: Mot applicable
Test for averall effect: Mot applicahle
1.33.2 16 weeks
Garman 2002 1] 20 a 20 Mot estimable
Subtotal (95% CI) 20 20 Mot estimable
Total events 1] a
Heterogeneity: Mot applicahle
Testfor averall effect Mot applicable
1.33.3 12 weeks
Calin 2004 0 45 0 39 Mot estimahble
wan dar Heijde 20060 14 304 a 81 4589% 336073 18.41] —
Subtotal (95% CI) 350 90 459% 3.36 [0.73, 15.41] -
Total events 14 a
Heterogeneity: Mot applicahle
Testfor averall effect Z=156(F=012)
1.33.4 24 weeks
Daviz 2003 Too138 1 139 541% 4690115 19.11] ——
Subtotal (95% CI) 138 139 54.1%  4.69[1.15,19.11] -
Total events 7 1
Heterogeneity, Mot applicable
Test for overall effect; Z= 216 (P =0.03)
Total (95% CI) 522 265 100.0% 4.03[1.43,11.30] -
Total events 21 1
Heterogeneity: Chi*f=0.10, di=1 (P = 0.75); F= 0% n IEIE 051 1ID SIEI

Testfor overall effect: 2= 2.64 (P = 0.008)

Testfor suboroun diferences: Chif=010.df=1 (F=075). F=0%
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1.34 Serious adverse events

Etanercept Placebo Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI

Peto Odds Ratio
Peto, Fixed, 95% CI

1.34.1 6 weeks

Brandt 2003 0 14 0 16 Mot estimahble
Subtotal (95% CI) 14 16 Mot estimable
Taotal events 1] a

Heterogeneity: Mot applicable

Test for averall effect: Mot applicahle

1.34.2 12 weeks

Calin 2004 1 45 a 38 49% 647[013, 328149
wan der Heijde 20060 B 140 2 a1 29.0% 1.02[0.20,5.16]
Subtotal (95% Cl) 195 90  33.9% 1.33 [0.30, 5.97]
Taotal events T 2

Heterogeneity: Chi®= 072 df=1 (F =038, F=0%
Testfor averall effect Z=038(F=0.71)

1.34.3 16 weeks

Gorman 2002 0 20 0 20
Subtotal (95% CI) 20 20
Total events 1] a

Heterogeneity: Mot applicahle
Test for overall effect: Mot applicable

1.34.4 24 weeks

Daviz 2003 9 138 g 139 BE1%
Subtotal (95% CI) 138 139 66.1%
Total events 9 g

Heterogeneity, Mot applicable
Testfor overall effect Z=1.11 (P =0.27)

Total (95% CI) 367 265 100.0%
Total events 16 7

Heterogeneity: Chi®= 0,84, df= 2 (P = 0.66), F= 0%

Testfor averall effect Z=1.12 (P = 0.26)

Testfor suboroun diferences: Chif=011.df=1 (F=0731. F=0%
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1.65 [0.69, 3.94]
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1.35 Injection site reaction

Etanercept Placeho Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.35.1 6 weeks
Erandt 2003 2 14 ] 16 1.7% &5.67[0.29, 108.81]
Subtotal (95% CI) 14 16 1.7% 5.67 [0.29, 108.91] ————
Total events 2 1]
Heterogeneity: Mot applicable
Testfor overall effect Z=1.15 (P =0.25)
1.35.2 12 weeks
Calin 2004 15 45 B 39 2349% 2171[0.93, 5.04] =
van der Heijde 2006h 34 1a0 B 1580 22.3% 56T [2.4513.10] —
Subtotal (95% CI) 195 189 46.3% 3.86 [2.14, 6.95] L 3
Total events 45 12
Heterogeneity: Chi*= 260, df=1 (P =011}, F= 62%
Testfor overall effect. Z=4.49 (P = 0.00001)
1.35.3 16 weeks
Gorman 2002 5 20 1 20 37% 5.00[064,39.06 I R —
Subtotal (95% CI) 20 20 3.7% 5.00[0.64, 39.06] e i—
Total events 5 1
Heterogeneity: Mot applicable
Testfor averall effect Z=153(FP=012)
1.35.4 24 weeks
Davis 2003 41 138 13 139 48.2% 318 1[1.78, 5.66] —
Subtotal (95% CI) 138 139 48.2% 3.18[1.78, 5.66] <&
Total events 41 13
Heterogeneity: Mot applicable
Test for overall effect: 2= 3.92 (P = 0.0001)
Total (95% CI) 367 364 100.0% 3.60 [2.41, 5.38] &
Total events 97 26
Heterogeneity; Chif= 2.89, df= 4 (P = 0.58); F= 0% Dim EIE'I 150 1|:in

Test for overall effect: Z=6.27 (P = 0.00001}
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1.36 Infections

Etanercept Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CIl
1.36.1 6 weeks
Erandt 2003 G 14 B 16 9.3% 1.14 [0.48 2.74] ]
Subtotal (95% CI) 14 16 9.3% 1.14 [0.48, 2.74] —aulffiiin-
Total events G B
Heterageneity: Mot applicable
Testfor overall effect. 2= 030 (F = 0.76)
1.36.2 12 weeks
van der Heijde 2006k 33 1ao 12 a1l 296% 0.94 [0.82,1.67] :
Subtotal (95% CI) 150 51 29.6%  0.94[0.52, 1.67]
Taotal events 33 12
Heterogeneity: Mot applicable
Testfor averall effect =023 (F=08%
1.36.3 16 weeks
Gorman 2002 12 20 12 20 19.9% 1.00 [0.60, 1.68] —
Subtotal (95% CI) 20 20 19.9% 1.00 [0.60, 1.66] -
Total events 12 12
Heterageneity: Mot applicable
Testfor overall effect. 2= 0.00 (F =1.00)
1.36.4 24 weeks
Davis 2003 3|/ 138 28 139 113% 1.45[0.92, 2.28] i
Subtotal (95% CI) 138 139 41.2% 1.45[0.92, 2.28] o
Taotal events 36 25
Heterogeneity: Mot applicable
Testfor averall effect Z=1.61 (F=0.11})
Total (95% CI) 322 226 100.0% 1.18 [0.89, 1.57] e
Total events ar g5
Heterogeneity: Chit=1.83, df= 3(P = 0613 F= 0% =U.1 052 UES é é 1IZI=

Testfor overall effect Z=1.14 (P = 0.26)
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1.37 Serious infections

Etanercept Placebo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Bvents Total Bvents Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
1.37.1 6 weeks
Brandt 2003 0 14 0 16 Mot estimahble
Subtotal (95% CI) 14 16 Mot estimable
Taotal events 1] a
Heterogeneity: Mot applicable
Test for averall effect: Mot applicahle
1.37.2 12 weeks
Calin 2004 1] 45 a 38 Mot estimable
wan der Heijde 20060 1 160 a a1 20.3% 3.8 [0.04, 345.21]
Subtotal (95% Cl) 195 90 20.3% 3.82[0.04, 345.21] ——e
Taotal events 1 a
Heterogeneity: Mot applicable
Testfor averall effect: £= 0.8 (F = 0.56)
1.37.3 16 weeks
Garman 2002 1] 20 a 20 Mot estimable
Subtotal (95% CI) 20 20 Mot estimable
Total events 1] a
Heterogeneity: Mot applicahle
Testfor averall effect Mot applicable
1.37.4 24 weeks
Daviz 2003 20138 1 139 797%  1.87[0.20 19.11] —‘.—
Subtotal (95% CI) 138 139 79.7%  1.97[0.20, 19.11] e
Total events 2 1
Heterogeneity, Mot applicable
Test for overall effect; Z=0.549 (P = 0.56)
Total (95% CI) 367 265 100.0% 2.25[0.30, 17.13] —~—
Total events 3 1
Heterogeneity: Chi*=0.07, di=1 (P = 0.80); F= 0% DI 02 051 150 SEIID

Testfor overall effect: Z=0.79 (P =0.43)

Testfor suboroun diferences: Chif=0.07. df=1 (F=0801. F=0%

1.38 Headache

Favours etanercept Favours placebo

Etanercept Placebho Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Bvents Total Bvents Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
Calin 2004 3 45 4 38 20.9% 1.34 [0.36, 4.98]
Diavis 2003 19 138 16 139 Fi1% 1.23[0.60, 2.49]
wan der Heijde 20060 4 140 a a1 TO0%  3.90([0.40 3770
Total (95% CI) 333 229 100.0% 1.35 [0.74, 2.47] S
Total events 29 20
Heterogeneity: Chif=0.91, df= 2 (P= 063 F= 0% 0 IDS 052 é 2’0
Testfor averall effect: 2= 0.89 (F = 0.32) Fa\rulurs etalnercept Favours placebo
1.39 Diarrhoea
Etanercept Placebho Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Bvents Total Bvents Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% C1
Calin 2004 2 45 2 | 11.8% 0.86[0.12,6.38]
Davis 2003 11 138 13 139 67 7% 0.34 [0.36,1.94]
Gorman 2002 3 20 1 20 11.4% 2.95[0.38 2277 N I
wan der Heijde 2006h0 4 140 a a1 9.2%  3.90([0.40, 37.70] — T
Total (95% CI) 353 249 100.0% 1.12 [0.56, 2.23] o
Total events 20 16
Heterogeneity: Chi*= 2.55, di= 3 (P = 0.47); F= 0% ID o 051 1ID 1E|DI

Testfor overall effect: 2= 0.32 (P =0.75)
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1.40 Nausea

Etanercept Placebho Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
Calin 2004 3 45 4 38 557% 0.63[0.13, 2.94]
van der Heijde 2006h 5 1480 2 51 44.3% 0.84[0.15, 4.73]
Total (95% CI) 195 90 100.0% 0.71[0.23, 2.26]
Total events a A
Heterogeneity: Chi*=0.06, df=1 (F=0.81); F=0% 'D,m 0:1 ] s ey

Testfor averall effect £=0.487 (F=0.47)

2 Etanercept (50mg once weekly versus placebo)

2.1 ASAS 20 responder

Favours etanercept Favours placebo

Etanercept Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 ASAS 20 - 6 weeks
Huang 2008 Gd Td 23 T8 439% 2.93 (206, 4.18] L
Subtotal (95% CI) T4 78 43.9%  2.93[2.06, 4.18] L 3
Total events 64 23
Heterogeneity: Mot applicable
Testfor awerall effect: 7= 584 (P = 0.00001)
2.1.2 ASAS 20 -12 weeks
van der Heijde 2006k 115 155 14 51 86.1% 1.99 [1.38, 2.88] . =
Subtotal (95% CI) 155 51  56.1% 1.99 [1.38, 2.88] &
Total events 115 14
Heterageneity: Mot applicable
Testfor overall effect. 2= 3.67 (P=0.0002)
Total (95% CI) 229 129 100.0%  2.41[1.86, 3.10] L
Taotal events 179 42
Heterogeneity: Chif= 2.21, df=1 (P = 0.14); F= 55% ID o DI1 1ID 1E|E|I
Testfor averall effect: 7= 674 (P = 0.00001) 'Favaurs' placebo  Favours etanercept
Test for suboroun differences: Not applicahle

2.2 ASAS 10

Etanercept Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.2.1 ASAS 410 - 6 weeks
Huang 2008 45 74 13 T8 O433% 365 (215, 6.149] ——
Subtotal (95% CI) T4 78 43.3%  3.65[2.15,6.19] <9
Taotal events 45 13
Heterogeneity: Mot applicable
Testfor awverall effect: 7= 4 80 (P = 0.00001)
2.2.2 ASAS 40 - 12 weeks
van der Heijde 2006k 90 1485 11 51 86.7% 2,69 [1.57, 462 -
Subtotal (95% CI) 155 51 566.7%  2.69[1.57, 4.62] <
Total events e[| 11
Heterageneity: Mot applicable
Testfor overall effect 2= 359 (P =0.0003)
Total (95% CI) 229 129 100.0%  3.11[2.13, 4.53] &
Taotal events 135 24
Heterogeneity: Chi*= 0.63, df=1 (P = 0.43); F= 0% ID o DI1 1ID 1E|E|I

Testfor awverall effect: 7= 588 (P = 0.00001)
Test for suboroun differences: Mot applicahle
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2.3 ASAS 5/6

Etanercept Placeho Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CIl
2.3.1 ASAS 5/6 - 6 weeks
Huang 2008 53 T4 13 T8 OIT%R 4.30 [2.56, 7.20] —a—
Subtotal (95% CI) T4 78 30.7%  4.30[2.56, 7.20] <
Total events g3 13
Heterogeneity: Mot applicable
Testfor overall effect Z=5.53 (P = 0.00001)
2.3.2 ASAS 5/6 - 12 weeks
van der Heijde 2006b 108 154 19 51 B9.3% 1.89[1.30,2.73] : 3
Subtotal (95% CI) 155 51  69.3% 1.89[1.30, 2.73] &
Total events 109 19
Heterogeneity: Mot applicable
Test for averall effect: Z= 3.36 (P = 0.0008)
Total (95% CI) 229 129 100.0%  2.63[1.95, 3.54] L 3
Total events 162 32
Heterageneity: Chi®= 6.54, df=1 (P = 0.01%; F= 85% :D 0 051 150 1DD:

Test for overall effect: Z=6.236 (P = 0.00001)
Testfor subaroun differences: Mot anolicable

Favours placebo  Favours etanercept

2.4 Total adverse events
Etanercept Placebo Risk Ratio Risk Ratio

Study or Subgroup  Events Total Bwents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Huang 2008 18 T4 10 78 100.0% 1.90[0.84, 3.84]

Total (95% CI) 74 78 100.0% 1.90[0.94, 3.84] -

Total events 18 10

Heterogeneity: Mot applicable IIJ o IZI=1 1IIJ 1UUI

Testfor overall effect Z=1.78 (F = 0.07) Févuurs eianercept Favours placebo
2.5 Withdrawals due to AE

Etanercept Placebo Peto Odds Ratio Peto Odds Ratio

Study or Subgroup Events Total Bvents Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI

van der Heijde 2006k 6 155 1] 51 100.0%  3.91 [0.60,25.591] —

Total (95% CI) 155 51 100.0%  3.91[0.60, 25.51] —renii——

Total events 6 0

Heterogeneity: Mot applicable f t t {

i _ 0,01 0,1 10 100

Testfor overall effect Z=1.42 (P =0.15) Favours etancercept Favours placebo

2.6 Serious infections
Etanercept Placebo Peto Odds Ratio Peto Odds Ratio

Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% Cl Peto, Fixed, 95% CI

2.6.1 12 weeks

wan der Heljde 2006k 7155 0 51 100.0%  3.80[0.15, 95.06] —t

Subtotal (95% CI) 155 51 100.0%  3.80[0.15, 95.06]

Total events 2 0

Heterogeneity, Mot applicable

Testfor overall effect Z=0.81 (P=0.42)

Total (95% CI) 155 51 100.0%  3.80[0.15, 95.06] —ee

Total events 2 0

Heterogeneity: Mot applicable ID 201 051 150 1UUUI

Testfor averall effect: Z=0.81 (P=042)
Test for subaroun differences: Mot applicable

Favours etanercept Favours placebo
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2.7 Serious adverse events

Etanercept Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Bwents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
wan der Heijde 20060 10 144 2 a1 100.0% 1.685[0.37, 7.26]
Total (95% CI) 155 51 100.0% 1.65[0.37, 7.26]
Total events 10 2
Heterogeneity: Mat applicable ID m 051 i 150 1DD=
Testfor overall effect: 2= 0.6 (F'=0.51) Favluurs exp;arimental Favours contral
2.8 Infections
Etanercept 50mg Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
2.8.1 12 weeks
wan der Heijde 2006k 35 145 12 a1 100.0% 0.96 [0.54,1.70]
Subtotal (95% Cl) 155 51 100.0%  0.96 [0.54, 1.70]
Total events 35 12
Heterogeneity: Mot applicahle
Test for overall effect: £= 014 (F = 0.89)
Total (95% CI) 155 51 100.0%  0.96 [0.54, 1.70]
Total events 35 12
Heterogeneity: Mot applicable I f T f |
T B 0,01 01 1 10 100
Test for overall eﬁec.t. F=014iF= D.SQ_) Favours efanercept Favours placebo
Testfor subaroun differences: Mot annlicable
2.10 Injection site reaction
Etanercept Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.10.1 12 weeks
van der Heijde 2006b BE 305 B 150 100.0%  5.41[2.40,12.19] i
Subtotal (95% CI) 305 150 100.0% 5.41[2.40,12.19]
Total events BE B
Heterageneity: Mot applicable
Test for overall effect. 2= 4.07 (P = 0.0001)
Total (95% CI) 305 150 100.0% 5.41[2.40,12.19] i
Taotal events i3] 3
Heterogeneity: Mot applicable 051 E|=2 EIIS é é 1ID
Testfor averall effect: 7= 4.07 (P = 0.0001) Févuurls etane'rcept Favours placeho
2.11 Headache
Etanercept Placebo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
van der Heijde 20060 G 1558 1] 51 100.0%  3.91 [0.60, 25.491] —
Total {95% CI) 155 51 100.0%  3.91[0.60, 25.51] —reniii——
Total events G 1]
Heterogeneity; Mot applicable =IJ 0 D=1 1=D 1DEI=
Testfor overall effect Z=1.42 (P =0.15) Fa\rlaurs exp;arimental Favours control
2.13 Nausea
Etanercept Placebo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% Cl Peto, Fixed, 95% CI
wan der Heijde 20060 31485 2 51 100.0% 0.43[0.08, 3.38]
Total (95% CI) 155 51 100.0% 0.43[0.06, 3.38] —een——
Total events 3 2
Heterogeneity: Mot applicable ID o1 051 150 1DDI

Test for averall effect: Z=0.80 (P =043)
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2.12 Diarrhoea

Etanercept Placebo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% Cl Peto, Fixed, 95% CI
wan der Heijde 20060 B 1585 a 81 1000% 391 [0.60, 25.51] —
Total (95% CI) 155 51 100.0% 3.91[0.60, 25.51] —euli——
Total events B 0
Heterogeneity: Mot applicahle f } } {
e _ 0,0 0,1 10 100
Testfor averall effect Z=1.42 (P = 0.15) Favours etanercept Favours placebo
2.15 ASAS Partial remission
Etanercept Placeho Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CIl
Huang 2008 12 74 4 T8 4B3% 316 [1.07,9.37] ——
van der Heijde 2006k 50 145 3 51 83.7%  548[1.79,16.83] ——
Total (95% CI) 229 129 100.0%  4.41[1.99, 9.76] -
Taotal events B2 T
Heterogeneity, Chif=0.51, df=1 (P =0.48), F= 0% 'D,DS 0:2 é 2|:'|

Tastfor overall effect: £= 3.66 (F=0.0003)
3 Infliximab versus placebo

3.1 BASDAI (0-10 scale)

Favours placebo  Favours etanercept

Infliximah Placebho Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Fixed, 95% Cl IV, Fixed, 95% CI
3.1.1 12 weeks
Braun 2002 33 2 34 a7 3 i) 1% -2.40[-3.60,-1.20]
Subtotal (95% CI) 34 35 51% -2.40[-3.60,-1.20] sl
Heterogeneity: Mot applicable
Test for overall effect: Z=3.92 (P = 0.0001)
3.1.2 24 weeks
wan der Heijde 2005 37 12 i 611 TE  94.9% -240[-268 -2.12) ,
Subtotal (95% CI) 201 78 94.9% -240[-2.68,-212]

Heterogeneity: Mot applicable
Test for overall effect: Z=16.98 (P = 0.00001)

Total (95% CI) 235
Heterogeneity: Chi®=0.00, df=1 {F=1.00), F=0%
Test for overall effect: Z=17.42 (F = 0.00001)

113 100.0%

Testfor subaroup differences: Chi®=0.00. df=1 (P =1.000. F= 0%

2.40[-2.67,-2.13]

+

} } t }
-4 -2 1] 2 4
Favours inflikimab  Favours placebo

3.2 Fatigue
Infliximab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight N, Fixed, 95% CI IV, Fixed, 95% CI
3.2.1 12 weeks
Braun 2002 471 2418 34 563 146 35 100.0% -0.92[-2.08 025]
Subtotal (95% CI) 34 35 100.0% -0.92[-2.00,0.25]
Heterogeneity: Mot applicable
Testfor averall effect Z=1.55(F=012)
Total (95% CI) 34 35 100.0% -0.92[-2.09,0.25]

Heterogeneity: Mot applicable
Testfor averall effect Z=1585(F=012)
Testfor subaroun differences: Mot apelicable
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3.3 Spinal pain

Infliximak Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
3.3.1 12 weeks
Braun 2002 a7 222 34 BA3 M 35 1000% -282[382-1.87 !
Subtotal (95% CI) 34 35 100.0% -2.82[-3.82,-1.82]

Heterogeneity: Mot applicable
Testfor owerall effect £= 553 (F = 0.00001)

Total (95% CI) 3 35 100.0% -2.82[-3.82,-1.82] . 2

Heterogeneity: Mot applicable

Testfor overall effect Z= 553 (P = 0.00001)

Testfor subaroun differences: Mot apnlicable
3.4 Peripheral joint pain

-0 -5 0 5 10
Favours inflizimah  Favours placebo

Infliximak Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
3.4.1 12 weeks
Braun 2002 242 232 34 507 277 35 1000% -265[-3.85 -1.49] !
Subtotal (95% CI) 34 35 100.0% -2.65[-3.85,-1.45]

Heterogeneity: Mot applicable
Testfor owerall effect =431 (F = 0.0001})

Total (95% Cly 34 35 100.0% -2.65[-3.85, -1.45] <

Heterogeneity: Mot applicable

Test for owverall effect £=4.31 (P = 0.0001)

Testfor subaroun differences: Not apnlicable
3.5 Entheseal pain

A0 -5 0 5 10
Favours inflizimah  Favours placebo

Infliximah Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.5.1 12 weeks
Braun 2002 278 244 34 533 258 35 53.3%  -254[3.75-1.33)] -
Subtotal (95% CI) 3 35 53.3% -2.54[-3.75,-1.33] o

Heterogeneity: Mat applicable
Testfor overall effect Z=412 {F = 0.0001)

3.5.2 24 weeks
van der Heijde 2005 5 6 2m 5 7 T8 ABT% 0.00[-1.76,1.76] :
Subtotal (95% CI) 201 78 46.7% 0.00 [-1.76, 1.76]

Heterogeneity: Mot applicable
Testfor overall effect: 2= 0.00 (P = 1.00)

Total (95% CI) 235 113 100.0%  -1.35[-3.84, 1.13] -q-
Heterogeneity: Tau®= 2.63; Chi®= 543, df=1 (P=0.02); F=82%
Testfor overall effect: Z=1.07 (P = 0.29)

a0 -5 0 ' 10
Favaurs inflikimahb  Fawours placebo

3.6 Morning stiffness - mean severity and duration

Treatment Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% C1
3.6.1 12 weeks
Braun 2002 275 236 34 537 124 35 1000% -2.62[-3.72,-1.52] !‘
Subtotal (95% CI) 3 35 100.0% -2.62[-3.72,-1.52]

Heterogeneity: Mot applicable
Testfor overall effect Z=4 68 (P = 0.00001)

Total (95% CI) 34 35 100.0% -2.62[-3.72,-1.52] L
Heterogeneity: Mot applicable

Testfor owerall effect 2= 4 68 (F = 0.00001)
Testfor subaroun differences: Mot anplicable

I 1
-10 -5 i} g 10
Favours infliimab  Favours placebo
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3.7 BASFI

Infliximab Placebho Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CIl IV, Fixed, 95% CI
3.7.112 weeks
Eraun 2002 344 247 34 47 135 35 122% -1.26[-2.33,-019] -
Subtotal (95% CI) 34 35 12.2% -1.26[-2.33,-0.19] <&

Heterogeneity: Mot applicable
Testfor averall effect 7= 231 (P=0.02)

3.7.2 24 weeks
wan der Heijde 2005 4 1.3 M G 16 T8 OAT.A% -200[240,-1.60] .
Subtotal (95% CI) 201 78 B87.8% -2.00[-2.40,-1.60] +

Heterogeneity: Mot applicable
Testfor averall effect 7= 985 (F = 0.00001)

Total (95% CI) 235 113 100.0% -191[-2.28,-1.54] [}
Heterogeneity: Chi*=1.62, df=1 (P = 0,20}, P= 38%

Testfor averall effect 7= 10.04 (P = 0.00001}

Testfor subaroun differences: Chi®=1.62. df=1 (P =0.201 7= 38.4%

I 1 ]
40 5 0 5 10
Favours inflikimab  Favours placebo

3.8 BASMI
Infliximab Placeho Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
3.8.1 12 weeks
Braun 2002 288 204 34 36 2 35 8.7% -0.72[1.69 0.24] —
Inman 2010 -0.45 1.03 38 024 08 37 A74% -0B9[1.07,-0.31] ——
Subtotal (95% CI) 73 72  66.1% -0.69[-1.04,-0.34] -

Heterageneity: Chi*=0.00, df=1 (P =094} F= 0%
Test for overall effect: 2= 3.88 (F = 0.0001)

3.8.2 24 weeks
wan der Heijde 2004 3 18 1M 4 2 T8 33.89% -1.00[1.49,.-0451] —
Subtotal (95% CI) 201 78  33.9% -1.00[-1.49,-0.51] -

Heterogeneity; Mot applicahle
Test for overall effect; £=4.00(F = 0.0001}

Total (95% CI) 274 150 100.0% -0.80[-1.08, -0.51] <

Heterogeneity: Chi®= 0,99, df= 2 (P = 0.61); F= 0%

Testfor overall effect Z= 548 (F < 0.00001)

Testfor subaroun diffarences: Chi*=099 df=1{FP=0350 F=0%
3.9 =50% improvement in BASDAI

2 - 0 i 2
Fawvaurs inflikimak  Fawours placebo

Infliximah Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Bvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.9.1 12 weeks
Eraun 2002 18 34 3 35 159%  618[2.00,19.07] e
Inman 2010 11 39 4 T 221% 261051, 7.47] T
Subtotal (95% CI) 73 72 38.0%  4.10[1.92,8.75] -l
Total events 29 7

Heterogeneity: Chif=1.22 df=1 (P=0.27); F=18%
Testfor overall effect Z= 3,65 (F = 0.0003)

3.9.2 24 weeks

wan der Heijde 2005 101 201 8 78 62.0%  4.90[2.51,9.58] ——
Subtotal (95% CI) 201 78 62.0%  4.90[2.51,9.58] . -
Total events 101 8

Heterogeneity: Mot applicable
Test for overall effect: £=4 64 (P = 0.00001)

Total (95% CI) 274 150 100.0%  4.60 [2.77, 7.64] L 2
Total events 130 15
Heterogeneity: Chit=1.41, df=2 (P=0.48), F=0%
Test for overall effect; £=5.88 (P = 0.00001)

0os 02 5 0
Favours placebo Fawaurs inflixirmak
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3.10 ASAS 20

Infliximah Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Bvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.10.1 12 weeks
Eraun 2002 23 34 ] | M.2% 263 [1.43, 4.84] I
Inrman 2010 21 39 11 a7 2T0% 1.81[1.02, 3.22] &
Subtotal (95% CI) 73 72 48.3%  2.17[1.43,3.29] -
Total events 44 20
Heterogeneity: Chif= 076, df=1 (P=0.38), F=0%
Testfor overall effect Z= 3,65 (F = 0.0003)
3.10.2 24 weeks
van der Heijde 2005 123 2 15 T3 O81T% 3181[1.59, 5.08] —i—
Subtotal (95% CI) 201 78 51.7%  3.18[1.99, 5.08] i
Total events 123 15
Heterogeneity: Mot applicable
Test for overall effect: Z= 4 85 (P = 0.00001)
Total (95% CI) 274 150 100.0%  2.69 [1.96, 3.71] <
Total events 167 35
Heterogeneaity: Chl‘f 233, df =2 FP=031)F=14% 'El.1 0:2 D:S 1 £
Test for overall effect; £=6.08 (P = 0.00001) Favours placebo  Favours infimak

3.11 ASAS 40

Infliximah Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.11.1 12 weeks
Inrman 2010 18 39 3 37 19.2% S569[1.83,17.74] e —
Subtotal (95% CI) 39 37 19.2% 5.69[1.8B3, 17.74] ~l—
Total events 18 3
Heterogeneity: Mot applicable
Testfor averall effect: Z= 3.00 {F = 0.003)
3.11.2 24 weeks
wan der Heilde 2005 93 201 9 78 BOS8%  4.01[213, 7.59] -
Subtotal (95% CI) 201 78 BO0.B%  4.01[2.13,7.55] -
Total events 43 q
Heterogeneity: Mot applicable
Test for overall effect: Z=4.31 (F = 0.0001)
Total (95% CI) 240 115 100.0%  4.33 [2.50,7.52] -
Total events 111 12
Heterogeneity: Chi*= 0.28, df=1 (P = 0.60); F=0% D =DS D=2 % 250
Testfor overall effect; £2=5.21 (P = 0.00001) Fla\fnurs [Ialacebn Favours infliximab

3.12 ASAS 50

Infliximab Placeho Risk Ratio Risk Ratio
Study or Subgroup  Events Total BEvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.12.1 12 weeks
Braun 2002 16 34 2 35 490% 8.24[2.05 33173 ——
Inman 2010 16 39 2 37 51.0% TFAY9[1.87 30.76] —i—
Subtotal (95% CI) 73 72 100.0% 7.91[2.95,21.21] e
Total events 32 4
Heterageneity: Chi®= 001, df=1 (P =094, F=0%
Testfar overall effect 2= 411 (P = 0.0001}
Total (95% CI) 73 72 100.0% 7.91[2.95,21.21] e
Total events 32 4
Heterogeneity: Chi*= 0.01, df=1 (P = 0.94); F= 0% I%I,IZH UE1 1=IZI 1DI%I

Testfar overall effect 2= 411 (P = 0.0001}
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313 ASAS 70

Experimental Control Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Bvents Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
Inrman 2010 b 39 0 37 1000%  B.58[200,36.79]
Total (95% CI) 39 37 100.0% 8.58[2.00, 36.79] g
Total events a 1]
Heterogeneity: Mot applicakle I f f |
0,01 01 10 100
Testfor overall effect; £=2.89 (P =0.004) Favours placebo  Favaurs inflirmab
3.14 ASAS partial remission
Infliximab Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight  M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
3.14.1 24 weeks
van der Heijde 2005 45 201 178 1000% 17.46[2.45,124.51] i
Subtotal (95% CI) 201 78 100.0% 17.46 [2.45, 124.51]
Total events 45 1
Heterogeneity: Mot applicahle
Testfor overall effect £=2.85 (P =0.004)
Total (95% CI) 201 78 100.0% 17.46 [2.45, 124.51] —~—agil—
Total events 45 1
Heterogeneity: Mot applicable ; f t f
0,01 IR 10 100
Testfor overall effect: Z= 285 (P =0.004) Favours placebo  Favours inflikrmab
3.15 ASAS 5 out of 6
Infliximab Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.15.1 12 weeks
Inrman 2010 20 39 1 37 10.6% 18.97 [2.68, 134.35] . —
Subtotal (95% CI) 39 37 10.6% 18.97 [2.68, 134.35] gl
Total events el 1
Heterogeneity: Mot applicahle
Test for overall effect: £= 295 (P =0.003)
3.15.2 24 weeks
van der Heijde 2005 ar 201 B 79 894%  B.27[2.87,13.71] t
Subtotal (95% CI) 201 78  B9.4% 6.27 [2.87, 13.71]
Total events ar G
Heterogeneity: Mot applicable
Test for overall effect: Z= 4 .60 (P = 0.00001)
Total (95% CI) 240 115 100.0% 7.62 [3.73, 15.56] <
Total events 1mr T
Heterogeneity: Chi =_1.DT, df=1(F=0230),F=7% D,h1 0:1 1'D 1ﬁD
Testfor overall effect; £= 558 (P = 0.00001) Fawaurs placeho  Favours inflixrmah
3. 16 ESR
Infliximab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Inman 2010 1066 124 39 159 1242 37 100.0% -12.25[17.85 -6.65)
Total (95% CI) 39 37 100.0% -12.25[-17.85, -6.65] ""‘
Heterogeneity, Mot applicakle -ZED _150 1 150 250

Test for overall effect 2= 4.28 (P = 0.0001)
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3.17 C-reactive protein (ma/dl)

Infliximab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight N, Fixed, 95% Cl IV, Fixed, 95% CI
wan der Heijde 2005 -0s 13 M 17 1.3 78 100.0% -2.20[-2.54,-1.86]
Total (95% CI) 201 78 100.0% -2.20[-2.54,-1.86] +
Heterogeneity: Mot applicable —:1E| 55 3 % 1E:|
Test for overall effect: Z=12.69 (F = 0.00001) Favours inflodrmab  Favours placebo
3.18 Patient global assessment
Infliximah Placeho Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
3.18.1 12 weeks
Eraun 2002 33 28 34 6.3 21 35 100.0% -3.00[-4.12,-1.89] !
Subtotal (95% CI) 34 35 100.0% -3.00[-4.12,-1.88]
Heterogeneity: Mot applicahle
Testfor averall effect: £= 526 (F = 0.00001)
Total (95% CI) 34 35 100.0% -3.00[-4.12,-1.88] <
Heterogeneity: Mot applicable =_1 D 55 D % 1D=
Test far averall eﬁec_t: Z=826(FP= D.UD.DU1) Favours inflidmab Favours placebn
Test for subaroun differences: Mot anolicable
3.19 Physician global assessment
Infliximah Placeho Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
3.19.1 12 weeks
Eraun 2002 321 34 a7 1.8 35 100.0% -2.70[-3.88 -1.87] !
Subtotal (95% CI) 34 35 100.0% -2.70[-3.58,-1.82]
Heterogeneity: Mot applicahle
Testfor averall effect: £= 599 (F = 0.00001)
Total (95% CI) 34 35 100.0% -2.70[-3.58,-1.82] L 3
Heterogeneity: Mot applicable =_1 D 55 D % 1D=
Test far averall eﬁec_t: Z=5499 (= D.UD_DU1) Favaurs inflidmabl Favours placebo
Test for suboroun differences: Mot annlicable
3.20 Chest expansion (cm)
Infliximab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Fixed, 95% CI IV, Fixed, 95% CI
van der Heijde 2005 35 1 M 301 T8 100.0% 0A0([024, 076
Total (95% CI) 201 78 100.0% 0.50[0.24, 0.76] e
Heterogeneity: Mot applicable 51 -D: 5 ] U:S 15
Testfor overall effect Z=3.75(F=0.0002) Favours ;:;Iacebn Favourls inflisirnah
3.21 Reduction in NSAID use by 50%
Infliximab Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Bwvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.21.1 12 weeks
Braun 2002 18 34 G 35 100.0% 3.09[1.40,6.83] 1
Subtotal (95% CI) 34 35 100.0% 3.09 [1.40, 6.83]
Total events 18 G
Heterogeneity: Mot applicahle
Test for overall effect 2= 278 (P = 0.005)
Total (95% CI) 34 35 100.0% 3.09 [1.40, 6.83] -‘-
Total events 18 G
- . | . ) |
Heterageneity: Mot applicable IEI,EI'I 0:1 o 100

Test for overall effect 2= 278 (P = 0.005)
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3.22 Stopped use of NSAIDs

Treatment Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Eraun 2002 13 34 4 35 100.0% 3.38[1.21,9.24]
Total (95% CI) 34 35 100.0%  3.35[1.21,9.24] ——aii——
Total events 13 4
Heterogeneity: Mot applicable ID.1 IZI:2 U:S é é 1U'

Testfor overall effect 2= 2.33 (P=0.02)

3.23 SF-36 Physical functioning

Favaurs placeba  Fawours inflikimak

Infliximah Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
3.23.1 12 weeks
Braun 2002 61.53 23.02 34 4817 24.53 35 16% 13.36([2.14, 24.59] e
Subtotal (95% Cl) 34 35 1.6% 13.36 [2.14, 24.58] —— gl
Heterogeneity: Mot applicable
Testforoverall effect Z=2.33 (P=002)
3.23.2 24 weeks
van der Heijde 2005 39 5 201 308 a7 78 9B8.4% 8.10[6.66,9.54] ,
Subtotal (95% Cl) 201 78  98.4% 8.10 [6.66, 9.54]
Heterogeneity, Mot applicable
Testfor overall effect Z=11.01 (P = 0.00001)
Total (95% CI) 235 113 100.0% 8.19 [6.76, 9.62] [
Heterageneity: Chi®= 0.83, df=1 (P = 0.36); F= 0% 20 0 b 10 P

Testforoverall effect: Z=11.22 (P = 0.00001)
Testfor suboroun diferences: Chi*=0.83.df=1 (P=036).F=0%
3.24 SF-36 Mental health

Favours placeho  Favaurs infliximab

Heterogeneity: ChiF= 0,92, df= 1 (P = 0.34); F= 0%

Infliximab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
3.24.1 12 weeks
Braun 2002 62.38 17.04 34 B3.33 17.86 34 9.7% -0.95[9.19,7.29]
Subtotal (95% CI) 34 35 9.7% -0.95[-9.19, 7.29] — e ———
Heterogeneity: Mot applicable
Testfor overall effect Z=0.23 (P =0.82)
3.24.2 24 weeks
van der Heijde 2005 50.3 ar 20 47 104 T8 90.3%  3.30[0.60, 6.00] i
Subtotal (95% CI) 201 78 90.3% 3.30[0.60, 6.00]
Heterageneity: Mat applicahle
Testfor overall effect £=2.39 (P = 0.02)
Total (95% CI) 235 113 100.0%  2.89[0.32, 5.45] ~l

]

Test for overall effect £=2.20 (P = 0.03)
Testfor subaroun differences: Chi*=092. df=1(P=0.34). F=0%
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3.25 Withdrawals due to adverse events

Infliximab Placebo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% Cl Peto, Fixed, 95% CI
3.25.1 12 weeks
Braun 2002 3 34 il 35 553%  B.0Y[0.81,8051] ——
Subtotal (95% CI) 34 35 553% 8.09[0.81, 80.51] - ——
Total events 3 a

Heterageneity: Mot applicable
Test far overall effect Z=1.78 (F=0.07)

3.25.2 24 weeks

van der Heijde 2005 2202 1 Th 44T % 0.73 [0.06, 9.36] i
Subtotal (95% CI) 202 75 44.7T% 0.73 [0.06, 9.36]

Total events 2 1

Heterogeneity: Mot applicable

Test for overall effect Z=0.24 (F=0.81)

Total (95% CI) 236 110 100.0%  2.76 [0.50, 15.22] —ngii-—
Total events a 1

Heterogeneity, Chi==1.89, df=1{F=017), F= 47%
Testfor overall effect Z=1.16 (P =0.24)
Test for suboroun differences: Chi*=1.89. df =1 (F=0171. F=471%

0,005 01 10 200
Favours infliximah  Favours placebo

3.26 Total adverse events
Infliximah Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.26.1 24 weeks
van der Heijde 2005 166 202 54 75 100.0% 1.14[0.58,1.33] t
Subtotal (95% CI) 202 75 100.0% 1.14 [0.98, 1.33]
Total events 166 a4

Heterogeneity: Mot applicable
Testfor overall effect Z=1.67 (F=0.09)

Total (95% CI) 202 75 100.0%  1.14[0.98, 1.33] -
Total events 166 54

Heterogeneity: Mot applicable
Test for averall effect: Z=1.67 (F = 0.09)

05 07 15 2
Favours infliximab  Fawours placebo

3.27 Infusion reaction

Infliximab Placebo Peato Odids Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
3.27.1 12 weeks
Braun 2002 0 34 i} 348 Mot estimable
Subtotal (95% CI) 34 35 Mot estimable
Total events a a

Heterageneity: Mot applicahle
Test far overall effect: Mot applicahle

3.27.2 24 weeks

van der Heijde 2005 22202 7 A 100.0% 1.18 [0.50, 2.80] i
Subtotal (95% CI) 202 75 100.0% 1.18 [0.50, 2.80]

Total events 22 T

Heterageneity: Mot applicahle
Test for overall effect Z=038 (FP=0.71)

Total (95% CI) 236 110 100.0% 1.18 [0.50, 2.80] -
Total events 22 )

Heterogeneity: Mot applicahle
Testfor overall effect: Z=038(F=071)
Testfar subaroun differences: Mot aoplicable

00z 0 10 50
Favours infliximab  Favours placeho
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3.28 Serious adverse events

Infliximab Placebo Pato Odds Ratio Peato Odids Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% Cl
3.28.1 12 weeks
Eraun 2002 3 34 il 35 26.9%  8.09[0.81,8051] )
Inman 2010 1 39 il ar 9.2% TF.02[014, 354.25]
Subtotal (95% CI) 73 72 36.2% 7.80[1.07,56.65] -
Total events 4 a
Heterogeneity: Chi*=0.00, df=1 (P=0.85), F= 0%
Test far overall effect: 2= 2.03 (P =0.04)
3.28.2 24 weeks
van der Heijde 2005 7202 2 T BIE% 1.29[0.29,5.73] 1
Subtotal (95% CI) 202 75 63.8% 1.29[0.29, 5.73]
Total events T 2
Heterageneity: Mot applicahle
Testfor overall effect Z=033 (P=0.74)
Total (95% CI) 275 147 100.0% 2.47[0.75, 8.14] £ 2
Total events IN 2
Heterogeneity: Chi*=2.03, df= 2 (P=0.36), F=1% ﬁ,DDE IZI:1 1'IZI SUIfI

Test for overall effect Z=1.49 (P =0.14)

Testfar subaroun differences: Chi®= 203 df=1 P =013 F=506%

3.29 Any Infections

Infliximab Placebo
Study or Subgroup Events Total Events Total

Risk Ratio

Weight M-H, Random, 95% CI

Favours infliximab  Favours placebo

Risk Ratio
M-H, Random, 95% CI

3.29.1 12 weeks

Braun 2002 12 34 18 35
Subtotal (95% CI) 34 35
Total events 12 18

Heterogeneity: Mot applicable
Test for averall effect Z=1.32(P=013)

3.29.2 24 weeks

van der Heijde 2005 86 202 27 Ta
Subtotal (95% CI) 202 75
Total events a6 27

Heterogeneity: Mot applicable
Testfor overall effect 2= 096 (F=0.34)

Total (95% CI) 236 110
Total events 98 45

41.5%
41.5%

58.9%
58.5%

100.0%

Heterogeneity: Tau®= 0.09; Chi*= 2.66, df=1 (P=010); F=62%

Testfor overall effect: 2= 022 (P=0.83)
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0.69 [0.29, 1.20]
0.69 [0.39, 1.20]

1,18 [0.84, 1.56]
1.18 [0.84, 1.66]

0.94 [0.56, 1.60]

_.__
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=
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3.30 Serious infections

Infliximab Placebo Pato Odds Ratio Peato Odids Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
3.30.1 12 weeks
Eraun 2002 1 34 il 35 38.8% 7.61[0.15, 383.66] — 0 &
Subtotal (95% CI) 34 35 38.8% 7.61[0.15, 383.66] ——
Total events 1 a
Heterageneity: Mot applicahle
Test far averall effect: Z=1.01 (P =0.31)
3.30.2 24 weeks
van der Heijde 2005 2202 il T OB1.2%  396[01F 9010] ——
Subtotal (95% CI) 202 75 61.2% 3.96[0.17,90.10] ——e——
Total events 2 a
Heterageneity: Mot applicahle
Test for overall effect: Z2=0.86 (P = 0.39)
Total (95% CI) 236 110 100.0%  5.10[0.44, 58.76] il
Total events 3 a
Heterogeneity; Chi#=0.07, df=1 (P = 0.80); F= 0% ID 001 051 1ID 1DDE|I

Test for overall effect: Z=1.31 (F=0.19)

Testfor subgroun differences: Chi®= 007 dfi=1 (P =080 F=0%

3.31 Tuberculosis

Favours infliximab  Favours placebo

Infliximab Placebo Odids Ratio Odds Ratio
Study or Subgroup  Events Total BEvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Eraun 2002 1 34 a 35 100.0%  318[013,80.79]
Total (95% CI) 34 35 100.0% 3.18[0.13, 80.79] ——e——
Total events 1 a
estfor overall effect Z=0.710 (F = 0.48) Favaurs infliximah  Favours placebo
3.32 Spinal inflammation (MRI)
Infliximab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl

van der Heijde 2005  -5.02 62 194 -06 3.4 ¥2 100.0% -4.42[-559 -3.25]

Total (95% CI) 194 72 100.0% -4.42[-5.59,.3.25] -

Heterogeneity: Mot applicakle I4 IQ ;) 1=2 i

Test for overall effect; Z=7.38 (P < 0.00001) Fawours infliximah  Favours placehn
3.33 Partial remission

Infliximab Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Eraun 2002 g 34 il 35 25.85% 17.49[1.05 291.599] I —

van der Heijde 2005 45 20 1 TE OT4E% 17.46[2.45 124.81] —l—

Total (95% CI) 235 113 100.0% 17.47 [3.42, 89.14] e

Taotal events a3 1

Heterogeneity: Chi®=0.00, df=1 (P =100y F=0% D,'DDS 0:1 e 20

Test for overall effect; £= 3.44 (P = 0.0006)

Favours placeho  Favours inflikimah
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3.38 Headache

Etanercept Placebo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total BEvents Total Weight Peto, Fixed, 95% Cl Peto, Fixed, 95% Cl
wan der Heijde 2004 18 202 B TS5 100.0% 1.12[0.44, 2.87]
Total (95% CI) 202 75 100.0% 1.12 [0.44, 2.87]
Total events 18 B
Heterogeneity: Mot applicable f t T t |
e _ 0,01 01 1 10 100
Testfor averall effect: 2= 0.24 (F = 0.81) Favours experimental  Favours control
3.39 Diarrhoea
Etanercept Placebo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Evenis Total Events Total Weight Peto, Fixed, 95% Cl Peto, Fixed, 95% CI
wan der Heijde 2004 11 202 4 TaO100.0% 1.02 [0.32, 3.29]
Total (95% CI) 202 75 100.0% 1.02 [0.32, 3.29]
Total ewents 1 4
Heterageneity: Mot applicable :IZI o 051 } 150 1DIZI:
Testforoverall effect 2= 0.04 (P = 0.97) Fé\tuurs eianercept Fawours placeho
3.40 Nausea
Etanercept Placebo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Evenis Total Events Total Weight Peto, Fixed, 95% Cl Peto, Fixed, 95% CI
wan der Heijde 2004 1 ] 8 A O100.0% 0.25 [0.08, 0.749]
Total (95% CI) 202 75 100.0% 0.25[0.08, 0.79] -
Total events T g
Heterageneity: Mot applicable f t t {
Test far overall effect Z=2.35(F=0.02) 0,01 0,1 1o 100

Favours etanercept Favours placeho

4 Infliximab + methotrexate versus placebo + methotrexate

4.1 BASDAI
Infliximab + MTX Placebo + MTX Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Marzo-Ortega 2005 46 285 28 574 234 14 100.0% -1.14[276, 048] —
Total (95% CI) 28 14 100.0% -1.14[-2.76, 0.48] -
Heterogeneity: Mot applicable i4 12 p é jt
Testfor overall effect: Z=1.38 (F = 0.17) Favours inflisimah + b Favours placeho + mix
4.2 ASAS20
Infliximab + MTX  Placebo + MTX Risk Ratio Risk Ratio
Study or Subgroup Events Total PBEvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Marzo-Ortega 2005 14 28 3 14 100.0% 2.331[0.80, 6.80] I
Total (95% CI) 28 14 100.0%  2.33[0.80, 6.80] i
Total events 14 3
estfor overall effect: 2= 1.55 (F=012) Favours placeho + MTX Favours infliximah + MTH
4.3 >50% BASDAI
Infliximab + MTX  Placebo + MTX Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Marzo-Ortega 2005 15 28 3 14 100.0% 25010087, 7.22] b
Total (95% CI) 28 14 100.0%  2.50[0.87,7.22] e
Total events 15 3
ity i I t I |
Heterogeneity: Mot applicable 001 0 0 100

Test for overall effect 2=1.69 (P = 0.04)

Favours infliKimab + MTx Favours placebo + MTx
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4.4 Any infection

Infliximab + MTX  Placebo + MTX Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Marzo-Ortega 2005 3] 28 2 14 100.0% 1.8010.35, 6.50]
Total (95% Cl) 28 14 100.0%  1.50[0.35, 6.50]
Tatal events G 2

Heterogeneity: Mot applicable
Test far overall effect 2= 0.54 (P = 0.55)

5 Adalimumab versus placebo

5.1 BASDAI (0-10 cm VAS)

Adalimumab Placebo

I
0,01

0,1 1 10 100

Favours inflikimab + MTx Favours placebo + MTx

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI|
5.1.1 12 weeks

Lamhert 2007 42 3 38 58 21 44 108% -1.70[-2.84, -0.56]

van der Heijde 20063 37 1.7 208 58 1.7 107 892% -1.80[-2.20,-1.40] !

Subtotal (95% CI) 246 151 100.0% -1.79[-2.16,-1.41]

Heterogeneity: Chi*= 003, df=1 (P =0.87), F=0%

Testfor overall effect: Z=9.37 (F = 0.00001;

5.1.2 24 weeks

van der Heijde 20063 3T 1.7 208 58 1.7 107 100.0% -1.80[-2.20,-1.40] !

Subtotal (95% CI) 208 107 100.0% -1.80[-2.20, -1.40]

Heterogeneity, Mot applicable
Testfor overall effect. Z=8.90 (P = 0.000013%

Test for subaroup differences: Chir=0.00. df=1 /(P =097 F=0%
5.2 Total back pain (0-10cm)

Mean Difference
IV, Fixed, 95% CI

2 1 0 1 2
Favaurs adalimurmab  Favaurs placebo

Mean Difference
IV, Fixed, 95% CI

Adalimumab Placebho
Study or Subgroup Mean SD Total Mean SD Total Weight
5.2.1 12 weeks
Lamhbert 2007 42 33 a8 6.4 2.1 44 147%
van der Heijde 2006a 8 21 208 61 22 107 B53%
Subtotal (95% CI) 246 151 100.0%

Heterogeneity, Chi*= 002, df=1 {F=0288 F=0%
Testfor overall effect: £=9.60 (P = 0.000013)

5.2.2 24 weeks
van der Heijde 2006a 37 21 208 6 22 107 100.0%
Subtotal (95% CI) 208 107  100.0%

Heterogeneity: Mot applicahle
Testfor overall effect: £=8.92 (P = 0.000013)

Testfor subaroun differences: Chi®= 0.00. df=1 (P =087 F=0%
5.4 Entheseal pain MASES (range 0-13)

Adalimumab Placebo

-2.20[-3.42, -0.95]
-2.30[2.81,-1.79]
-2.29[2.75, -1.82]

-2.30[2.81,-1.79]
-2.30 [2.81, -1.79]

Mean Difference

2 4 0 1 1
Favours adalimumab  Favaurs placeba

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
5.4.1 12 weeks

van der Heijde 20063 37 BB 208 54 75 107 1000% -1.70[-3.40,-0.00] i
Subtotal (95% CI) 208 107 100.0% -1.70[-3.40,-0.00]

Heterogeneity, Mot applicable

Test for averall effect: Z=1.87 (P = 0.048)

5.4.2 2dweeks

van der Heijde 20064 32 BB 208 51 75 107 1000% -1.80[-3.60,-0.200 t
Subtotal (95% CI) 208 107 100.0% -1.90[-3.60, -0.20]

Heterogeneity: Mot applicahle
Testfor averall effect £=2.20 (P =0.03)

Testfor subaroun differences: Chi*=0.03. df=1 (P =087 F=0%
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5.7 Fatigue (0-10cm VAS)

Adalimumab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% C|
5.7.1 12 weeks
van der Heijde 20063 43 2 208 B 1.9 107 1000% -170[2.15,-1.29] i
Subtotal (95% CI) 208 107 100.0% -1.70[-2.15,-1.25]
Heterogeneity: Mot applicable
Testfor overall effect: £=7.39 (P = 0.000013
5.7.2 24 weeks
van der Heijde 2006a 4.1 2 208 61 1.9 107 1000% -2.00[-2.45 -1.595] i
Subtotal (95% CI) 208 107 100.0% -2.00[-2.45, -1.55]

Heterogeneity: Mot applicable
Test for overall effect: 7= 8 69 (P = 0.000013%

Test for subaroup differences: Chi*= 085 df=1 (P =0.36). F=0%
5.8 Morning stiffness - mean intensity and duration (0-10cm VAS)

2 0 1 2
Favours adalimumab  Favaurs placeho

Adalimumab Placebho Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
5.8.1 12 weeks
van der Heijde 2006a 3T 2 208 55 19 107 1000% -1.80[-2.25 -1.358] !
Subtotal (95% CI) 208 107 100.0% -1.80[-2.25, -1.35]

Heterogeneity: Mot applicable
Testfor overall effect: Z=7.82 (P = 0.000013%

5.8.2 24 weeks
van der Heijde 20064 36 2 208
Subtotal (95% CI) 208

Heterogeneity: Mot applicable
Testfor overall effect: £=8.69 (P = 0.000013)

56 19

107 100.0%
107 100.0%

Testfor subaroun differences: Chif=0.38. df=1 (P =054 F=0%

5.9 BASFI (0-10 VAS)

-2.00 [-2.45, -1.54]
-2.00 [-2.45, -1.55]

Mean Difference
IV, Fixed, 95% CI

G5 b 5 4
Favours adalimumah  Favaours placeba

Mean Difference
IV, Fixed, 95% CI

Adalimumab Placebo
Study or Subgroup Mean SD Total Mean SD Total Weight
5.9.1 12 weeks
Lamhert 2007 4 3 38 53 23 44 161%
van der Heijde 20063 33 22 208 52 2.2 107 839%
Subtotal (95% CI) 246 151 100.0%

Heterogeneity: Chi*= 0.85, df=1 (P = 0.36); F=0%

Testfor overall effect: Z=7.52 (F = 0.00001}

5.9.2 24 weeks
van der Heijde 20064 32 22 208
Subtotal (95% CI) 208

Heterogeneity, Mot applicable
Testfor overall effect. Z=7.26 (P = 0.000013%

5.1

2.2

107 100.0%
107 100.0%

Test for subaroup differences: Chir=0.07. df=1 (P =079 F=0%
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-1.30[-2.47,-0.13]
-1.90[-2.41,-1.39]
-1.80[-2.27, -1.33]

-1.90[-2.41,-1.39]
-1.90[-2.41, -1.39]

n
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5.10 BASMI (0-10)

Adalimumab Placebo

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
5.10.1 12 weeks

Lamhbert 2007 3T 23 a8 3.7 2.2 44 206%  0.00[-0.93 0.93] —
van der Heijde 2006a 33 22 208 43 21 107 794% -1.00[1.50,-0.50] -

Subtotal (95% CI) 246 151 100.0% -0.79[-1.24,-0.35] -
Heterogeneity, Chi*= 318, df=1 (P =007 P=63%

Testfor overall effect: £=3.51 {F = 0.0004)

5.10.2 24 weeks

vah der Heijde 20062 32 22 208 43 21 107 100.0% -1.00[1.50,-0.50] t

Subtotal (95% CI) 208 107 100.0% -1.00[-1.50, -0.50]

Heterogeneity: Mot applicahle
Testfor averall effect Z= 3.94 (P = 0.0001)

Testfor subaroun differences: Chif=0.37. df=1({F =055 F=0%

5.11 =50% improvement in BASDAI

Adalimumab Placebo

Risk Ratio

2 a0 1 2
Favours adalimumab  Favaurs placeba

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
5.11.1 12 weeks
van der Heijde 20063 a4 208 17107 100.0%  2.84[1.79, 4.51] t
Subtotal (95% CI) 208 107 100.0%  2.84[1.79,4.51]
Total events 94 17
Heterageneity: Mot applicable
Testfor overall effect Z=4.45(F = 0.00001)
5.11.2 24 weeks
van der Heijde 20063 a8 208 16 107 100.0% 2BIM TS 457] t
Subtotal (95% CI) 208 107 1000%  2.83[1.75,4.57]
Total events a8 16
Heterogeneity: Mot applicable
Testfor overall effect Z=4.26 (F = 0.0001)
I } } t } {
01 oz na i a 10
Favours placeho Favours adalimumakb
5.13 ASAS 20
Adalimumab Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
5.13.1 12 weeks
Lambert 2007 18 38 12 44 V7% 1.74 097, 313 T =
wan der Heijde 20063 121 208 22 107 T23%  283[1.92 418 ——
Subtotal (95% CI) 246 151 1000%  2.53[1.82,3.51] S
Total events 1349 34
Heterogeneity, ChifF=1.89,df =1 {P=017), F=47%
Testfor overall effect Z= 555 (F = 0.00001)
5.13.2 24 weeks
van der Heijde 20062 104 708 18 107 1000% 282 [1.83, 433 i
Subtotal (95% CI) 208 107 100.0%  2.82[1.83,4.33]
Total events 104 19

Heterogeneity: Mot applicahle
Testfor overall effect Z=4.72 (P = 0.00001)
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5.14 Hepatotoxicity (clinical symptoms)

Adalimumab Placebo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% Cl Peto, Fixed, 95% CI
van der Heijde 2006a 1 208 0 207 1000% 7.35[014, 370.60] »
Total (95% CI) 208 207 100.0% 7.35[0.15, 370.60] e —
Total events 1 0
Heterogeneity: Mot applicable :U M 051 150 1DEI:
Testfor averall effect Z2=1.00 (P = 0.32) Fa\rlcuurs expérimental Favaurs contral
5.15 ASAS 40
Adalimumah Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
5.15.1 12 weeks
van der Heijde 20063 a3 208 14 107 100.0% 3.058[1.82 511] !
Subtotal (95% CI) 208 107 1000%  3.05[1.82,5.11]
Total events a3 14
Heterogeneity: Mot applicable
Testfor overall effect Z=4.24 (F = 0.0001)
5.15.2 24 weeks
van der Heijde 2006a a2 208 14 107 100.0% 3.01[1.80, 5.048] t
Subtotal (95% CI) 208 107 100.0%  3.01[1.80, 5.05]
Total events az 14
Hetarogeneity: Mot applicahle
Testfor overall effect Z=418(F = 0.0001)
0,01 0 10 100
Favaurs placebo  Favaurs adalimumab
5.16 ASAS 50
Adalimumab Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total BEvents Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
5.16.1 ASAS 50 -12 weeks
Lambert 2007 15 38 3 44 1000% 5.79[1.81,18.49] i
Subtotal (95% CI) 38 44 100.0% 5.79[1.81, 18.49]
Total events 14 3
Heterogeneity: Mot applicable
Testfor averall effect £2=2.96 (P =0.003)
002 04 10 50
Favours placebo  Favours adalimumah
517 ASAS 70
Adalimumab Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events  Total BEvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
5.17.1 ASAS 70 -12 weeks
Lambert 2007 a 38 1 44 1000%  9.26([1.21, 70.74] i
Subtotal (95% Cl) 38 44 100.0% 9.26 [1.21,70.75]
Total events a 1
Heterogeneity: Mot applicable
Testfor averall effect £=218(F=0.03)
Total (95% CI) 38 44 100.0% 9.26 [1.21,70.75] e
Total events a 1
Heterogeneity: Mot applicable DIDDS 051 150 EDID

Testfor averall effect £2=215(FP=0.03)
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5.18 ASAS 5 out of 6

Adalimumab

Placebo

Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

5.18.1 12 weeks

van der Heijde 20063 101 208 14 107 1000%  371[2.23,617] t

Subtotal (95% CI) 208 107 100.0%  3.71[2.23,6.17]

Total events 101 14

Heterageneity: Mot applicable

Testfor overall effect Z=5.06 (P = 0.00001)

5.18.2 24 weeks

van der Heijde 20063 63 208 13107 100.0%  36E[216, 626 i

Subtotal (95% CI) 208 107 100.0%  3.68[2.16, 6.26]

Total events 93 13

Heterogeneity: Mot applicable

Testfor overall effect: Z=4.81 (F = 0.00001)
I } } t } {
01 oz [IR] 2 5 10

Favours placebo  Favours adalimumakb
5.19 ASAS partial remission
Adalimumab Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

5.19.1 12 weeks

van der Heijde 20063 43 208 4 107 100.0% 5.453([2.04,15.00]

Subtotal (95% CI) 208 107 100.0% 5.53[2.04, 15.00]

Total events 43 4

Heterageneity: Mot applicable

Testfor overall effect Z= 336 (F=0.0008)

5.19.2 24 weeks

van der Heijde 20063 46 208 E 107 100.0% 394 [1.74,8.94] t

Subtotal (95% CI) 208 107 1000%  3.94[1.74,8.94]

Total events 46 4

Heterogeneity: Mot applicable

Testfor overall effect Z=3.29(F=0.001)
I } } {
0,01 a1 10 100

Favours placebo  Favours adalimumakb
5.20 C-reactive protein (mg/dl)
Adalimumab Placeho Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

5.20.1 12 weeks

Lambert 2007 04 or 38 24 36 44 248% -200[-3.09-091) —— &——

van der Heijde 20063 05 22 208 21 29 107 751% -160[-2.23,-0.97] ——

Subtotal (95% CI) 246 151 100.0% -1.70[-2.24, -1.16] e

Heterogeneity, Chi*=038, df=1 {F=0483F=0%

Testfor overall effect: Z=6.14 (P = 0.000013)

5.20.2 24 weeks

van der Heijde 2006a 0as 22 208 21 29 107 1000% -160[-2.23 -0497] i

Subtotal (95% CI) 208 107 100.0% -1.60[-2.23, -0.97]

Heterogeneity; Mot applicahle

Testfor overall effect: £=5.01 (P = 0.000013

Testfor subaroun differences: Chi®= 0.06. df=1 (P =0811. F=0%
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5.21 BASG

Adalimumab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
5.21.1 12 weeks (0-10cm)
van der Heijde 2006a 45 149 208 6.3 1.9 107 500% -180[224,-1.36] L
Subtotal (95% Cl) 208 107 50.0% -1.80[-2.24,.1.36] &
Heterogeneity: Mot applicable
Testfor overall effect: Z=7 .96 (P = 0.00001)
5.21.2 24 weeks (0-10cm)
van der Heijde 2006a 45 149 208 6.3 1.9 107 500% -180[224,-1.36] L
Subtotal (95% Cl) 208 107 50.0% -1.80[-2.24,.1.36] &
Heterogeneity, Mot applicable
Testforoverall effect Z=7.96 (P = 0.00001%
Total (95% CI) 416 214 100.0% -1.80[-2.11,-1.49] L 2
Heterageneity: Chi®= 0.00, df=1 (P =1.00); F= 0% f

Testfor overall effect: Z=11.26 (P = 0.00001)

Testfor suboroun diferences: Chi*=0.00.df=1 P =1.000.1F=0%

5.22 Patient global assessment (0-10cm VAS)

4 2 0 2 1
Favours adalimumah  Favaurs placebo

Adalimumab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
5.22.1 12 weeks
Lambert 2007 42 312 38 B 24 44 399% -1.80[3.04,-0.456 ——
van der Heijde 20063 38 22 Z08 69 2 107 601% -3.10[-3.98 -2.62] a5
Subtotal (95% CI) 246 151 100.0% -2.58[-3.83,-1.33] -
Heterogeneity: Tau®= 0.61, Chi*= 3.67, df=1 (F = 0.06), F= 73%
Testfor overall effect: 2= 4.05 (P = 0.0001}
5.22.2 24 weeks
van der Heijde 20063 38 22 08 712 107 1000% -3.20[-3.68,-2.72] !
Subtotal (95% CI) 208 107 100.0% -3.20[-3.68, -2.72]
Heterogeneity: Mot applicakble
Testfor overall effect £=12.98 (P = 0.00001)
4 5§ 1 4
Favours adalimumab  Favours placeba
5.23 Physician global assessment (0-10cm VAS)
Adalimumab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
5.23.1 12 weeks
van der Heijde 20063 31 1.8 208 48 1.9 107 1000% -1.70[-2.14, -1.26] !
Subtotal (95% CI) 208 107 100.0% -1.70[-2.14, -1.26]
Heterogeneity: Mat applicable
Testfor averall effect: Z=7.52 (F = 0.00001)
5.23.2 24 weeks
vah der Heijde 2006a 31 1.8 208 48 1.9 107 1000% -1.70[-2.14, -1.26] !
Subtotal (95% CI) 208 107 100.0% -1.70[-2.14, -1.26]

Heterogeneity: Mot applicahle
Testfor averall effect: Z=7.52 (P = 0.00001)
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5.24 Chest expansion (cm)

Adalimumab

Study or Subgroup Mean

Placebo

SD Total Mean SD Total

Mean Difference

Weight IV, Fixed, 95% CI

Mean Difference
I/, Fixed, 95% CI

5.24.1 12 weeks

=

=

-2 -1 0 1 2
Favours placebo  Favours adalimumab

Risk Ratio
M-H, Fixed, 95% CI

= =

-*—
0,01 0 10 100
avours adalimumab Favours placebo

Risk Ratio

M-H, Fixed, 95% CI

vat der Heijde 20064 43 1.8 208 3319 107 1000% 1.00[0.56 1.44]
Subtotal (95% CI) 208 107 100.0% 1.00[0.56, 1.44]
Heterogeneity: Mot applicahle
Testfor owerall effect: Z=4.40 (F = 0.000013
5.24.2 24 weeks
van der Heijde 20063 37 1.8 208 34 19 107 1000% O030[0.14, 0.74]
Subtotal (95% CI) 208 107 100.0% 0.30[-0.14,0.74]
Heterogeneity: Mot applicahle
Testforoverall effect. Z=1.38 (F =018
5.25 Injection site reactions
Adalimumab Placebo Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl
5.25.1 24 weeks
van der Heijde 20063 21 208 3107 100.0%  3.60([1.10,11.80]
Subtotal (95% CI) 208 107 100.0% 3.60[1.10, 11.80]
Total events 1 3
Heterogeneity: Mot applicable
Testfor overall effect Z=212(F=0.03)
Total (95% CI) 208 107 100.0% 3.60[1.10, 11.80]
Total events al 3
Hetarogeneity: Mot applicahle
Testfor overall effect Z=212(F=0.03) F
5.26 Partial remission
Adalimumab Placebo Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl
5.26.1 12 weeks
wan der Heijde 20063 46 208 G 107 100.0% 394 1.74 8.94]
Subtotal (95% CI) 208 107 100.0%  3.94[1.74, 8.94]
Total events a6 6
Heterogeneity, Mot applicable
Test for averall effect: Z=3.29 (P = 0.001)
5.26.2 24 weeks
wan der Heijde 20063 46 208 4 107 100.0% 5.92[2.19,16.00]
Subtotal (95% CI) 208 107 100.0% 5.92[2.19, 16.00]
Total events 46 4

Heterogeneity: Mot applicable
Testfor averall effect £2=3.80 (F = 0.0005)
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5.30 SF-36 Physical functioning

Adalimumab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
5.30.1 SF-36 PCS - 12 weeks
van der Heijde 2006a 398 g 208 334 8 107 500% 6.40[4.53 827 ——
Subtotal (95% CI) 208 107 50.0% 6.40[4.53, 8.27] -l
Heterogeneity: Mot applicable
Testfar averall effect 2= 6.72 (P = 0.00001)
5.30.2 SF-36 PCS - 24 weeks
van der Heijde 2006a 40.3 g 208 337 8 107 500% 6.60[4.73,847] —i—
Subtotal (95% CI) 208 107 50.0% 6.60[4.73, 8.47] -
Heterogeneity: Mot applicahle
Testfor overall effect 2= 693 (P = 0.00001)
Total (95% CI) 416 214 100.0% 6.50[5.18, 7.82] -
Heterogeneity: Chi*= 0.02, df=1 {P = 0.88); F= 0% T = b 5 0

Test for overall effect 2= .66 (P = 0.00001)

Testfor subaroun diferences: Chif=0.02. df=1 (F=0.88). F= 0%

5.31 SF-36 Mental health

Favours placebo  Favours adalimumab

Adalimumahb Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI I, Fixed, 95% C1
5.31.1 SF-36 MCS - 12 weeks
wan der Heijde 2006a 461 12 208 468 12 107 1000% -0.F0[3.50,2.10]
Subtotal (95% Cl) 208 107 100.0% -0.70[-3.50,2.10]
Heterageneity: Mot applicable
Testforoverall effect Z=043 (P =062)
5.31.2 SF-36 MCS - 24 weeks
van der Heijde 2006a 47 12 208 468 12 107 1000% 020 [Z2.60,3.00) i
Subtotal (95% CI) 208 107 100.0% 0.20 [-2.60, 3.00]
Heterageneity: Mot applicable
Testfor averall effect Z=0.14 (P = 0.89)

-10 -5 0 5 10
Favours placebo  Favours adalimumab
5.32 ASQoL

Adalimumahb Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
5.32.1 ASQol - 12 weeks
wan der Heijde 2006a T 4 208 9 4 107 A00% -200[-2.93-1.07] h
Subtotal (95% CI) 208 107 50.0% -2.00[-2.93,-1.07] L
Heterageneity: Mot applicable
Testfor averall effect Z=4.20 (P = 0.0001)
5.32.2 ASQol - 24 weeks
wan der Heijde 2006a 6.6 4 208 95 4 107 &00% -290[3.83,-1497] R
Subtotal (95% CI) 208 107 50.0% -2.90[-3.83,-1.97] L
Heterogeneity: Mot applicable
Test for averall effect Z=6.09 (P = 0.00001)
Total (95% CI) 416 214 100.0% -2.45[-3.11,-1.79] *
Heterogeneity, Chi*=1.79, df=1 (P=018), F= 44% o + 3 i A

Testfor overall effect: Z=7.28 (P = 0.00001)

Testfor subaroun differences: Chif=1.78. df=1 (P=018). F=441%
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5.33 Withdrawals due to adverse events

Adalimumah Placebo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
5.33.1 24 weeks
van der Heijde 20063 4 208 2107 100.0% 1.03[0.18, 5.65]
Subtotal (95% CI) 208 107 100.0% 1.03 [0.19, 5.65]
Total events 4 2

Heterogeneity: Mot applicahle
Testfor averall effect: Z=0.03 (P = 0.97)

Total (95% CI) 208 107 100.0% 1.03 [0.19, 5.65]
Total events 4 2

Heterogeneity: Mot applicahle

Testfor averall effect: Z=0.03 (P = 0.97)

Test for subaroun differences: Mot anolicable

001 01 1 10 100
Fawours adalimumahb  Favours placebo

5.34 Headache
Adalimumab Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
van der Heijde 20063 20 208 9 107 100.0% 1.14[0.54, 2.47]
Total {95% CI) 208 107 100.0% 1.14 [0.54, 2.42]
Total events 20 ]

Heterogeneity, Mot applicable

f } 1 }
Testfor overall effect =035 {F=073) 0,01 .1 ! 1o 100

Favours experimental  Favours control

5.35 Total adverse events

Adalimumah Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
5.35.1 24 weeks
van der Heijde 2006a 156 208 64 107 100.0% 1.25[1.05,1.449] !
Subtotal (95% CI) 208 107  100.0% 1.25[1.05, 1.49]
Total events 1486 G4

Heterogeneity: Mot applicable
Test far averall effect: 7= 255 (P = 0.01}

Total (95% CI) 208 107 100.0% 1.25[1.05, 1.49] L 3
Total events 156 54
Heterogeneity: Mot applicable

Testfor overall effect Z=2.55(F=0.01)

0,2 0,5 2 5
Favours adalimumab  Favours placebo

5.36 Serious adverse events

Adalimumab Placebo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total BEvents Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
5.36.1 24 weeks
wan der Heijde 20063 G 208 3107 100.0% 1.031[0.25 4.16]
Subtotal (95% CI) 208 107 100.0% 1.03 [0.25, 4.16]
Tatal events 4 3

Heterogeneity: Mot applicahle
Testfor averall effect Z=0.04 (P =0.97)

Total (95% CI) 208 107 100.0% 1.03 [0.25, 4.16]
Tatal events 4 3

Heterogeneity: Mot applicahle

Testfor averall effect Z=0.04 (P =0.97)

Testfor suboroun differences: Mot apnlicable

I 1 1 ]
0,01 0.1 1 10 100
Fawours adalimumahb  Favours placebo
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5.37 Any infection

Adalimumab

Placebo

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

5.37.1 24 weeks

Lambert 2007 14 38 g 44 19.6% 2.03[0.95, 4.30] | e —

van der Heijde 20063 53 208 23 107 804% 1.481[0.88, 2.23] —.—

Subtotal (95% CI) 246 151 100.0% 1.58 [1.10, 2.27] e

Total events a0 31

Heterogeneity, Chi*= 052, df=1 {P=047), F=0%

Test for averall effect: 7= 249 (P = 0.01}

Total (95% CI) 246 151 100.0% 1.58 [1.10, 2.27]

Total events a0 31

Heterogeneity, Chif= 052, df =1 (P = 0.47); F= 0% =D ] D=2 D=5 é % 1D=

Testfor overall effect 2= 243 (F = 0.01) Fawnurs adalimumab Favours placebo
5.38 Serious infections

Adalimumah Placebo Peto Odds Ratio Peto Odds Ratio

Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% Cl Peto, Fixed, 95% CI

5.38.1 24 weeks

van der Heijde 20063 ] 208 1 107 100.0% 0.05[0.00,3.30] + l

Subtotal (95% CI) 208 107 100.0% 0.05 [0.00, 3.30] p—

Total events 0 1

Heterogeneity: Mot applicahle

Testfor averall effect: Z=1.38 (P = 0.16)

Total (95% CI) 208 107 100.0% 0.05 [0.00, 3.30] — i ——

Total events 0 1

Heterogeneity: Mot applicable iﬂ 01 051 150 1DDD=

Testfor averall effect: Z=1.39{F = 0.16)
Test for subaroun differences: Mot anolicable

6 Etanercept versus sulphasalazine

6.1 ASAS20 - 16wk

Favours adalimumab Favours placebo

Etanercept Sulphasalazine Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Braun 2008 286 378 95 187 100.0% 1.47 [1.26,1.71]
Total (95% CI) 379 187 100.0%  1.47[1.26,1.71] .
Tatal events 286 96
Heterogeneity: Mot applicable D:S D:? 1:5 é

Testfor overall effect: £= 5.00 (F = 0.00001)

6.2 ASAS40 - 16 wk

Favours sulphasalzine Favours etanercept

Etanercept Sulphasalazine Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Eraun 2008 228 379 61 187 100.0% 1.85[1.48, 2.31]
Total (95% CI) 379 187 100.0%  1.85[1.48, 2.31] -~
Total events 229 61
Heterogeneity: Mot applicabla 0:5 D:? 1:5 3

Test for overall effect 7= 545 (F = 0.00001)
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6.3 ASASS/G - 16 wk

Etanercept Sulphasalazine Risk Ratio Risk Ratio
Study or Subgroup  Events Total FEvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Braun 2008 164 375 38 185 100.0% 213[1.57,2.88]
Total (95% CI) 375 185 100.0%  2.13[1.57,2.89] ol
Total events 164 38
Heterogeneity: Mot applicable t t t 1
Testfor overall effect. Z=4.84 (P = 0.000013% 0.5 07 15 2

Favours sulphasalazine Fawours etanercept

6.4 Serious adverse events - 16 wk

Etanercept Sulphasalazine Peto Odds Ratio Peto Odds Ratio
Study or Subgroup  Ewvents Total FEvents Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
Braun 2008 T 379 4 187 100.0% 0.86[0.24, 3.09]
Total (95% CI) 379 187  100.0% 0.86 [0.24, 3.05]
Total events 7 4
Heterogeneity: Mot applicable f f T f f
Testforoverall effect Z=0.24 (P = 0.81) 0.02 0.1 ! 10 50

Favours etanercept Favours sulphasalazine

7 Etanercept versus infliximab

7.1 ASAS 50-6 weeks

Etanercept Infliximah Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Giardina 2009 B 26 g 24 100.0% 062 [0.26,1.47] —
Total (95% CI) 26 24 100.0%  0.62[0.26, 1.47] e
Total ewents g 9
Heterageneity: Mot applicable I t f }
Test far overall effect Z=1.08 {F = 0.27) 0.0z 0.1 1o 50

Favours infliximab Favours etanercept

7.2 ASAS 50-104 weeks

Etanercept Infliximab Risk Ratio Risk Ratio
Study or Subgroup  BEvents Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Giardina 2009 11 26 11 24 100.0% 0.52[0.49 1.72]
Total (95% CI) 26 24 100.0%  0.92[0.49, 1.72]
Total events IN 11
Heterogenaity: Mot applicatile I t 1 } {
Testfor overall effect: Z=0.25 (P =080} 0,01 01 ! 10 100

Favours inflximab  Favours etanercept
7.3 BASDAI 50-6 weeks

Etanercept Infliximah Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Giardina 2008 8 26 10 24 100.0% 0.74[0.35,1.56]
Total (95% CI) 26 24 100.0%  0.74[0.35, 1.56]
Total ewents a 10

Heterogeneity, Mot applicable
Test for overall effect Z=0.80{F=0.43)

001 01 1 10 100
Favours inflixirmab  Favours etanercept

209



7.4 BASDAI 50-104 weeks

Etanercept Infliximah Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Giardina 2009 11 26 10 24 100.0% 1.02[0.53,1.99]
Total (95% CI) 26 24 100.0% 1.02 [0.53, 1.95]
Total ewents IN 10
Heterageneity: Mot applicable } t T } 1
o _ noa 02 1 ] 20
Testforoverall effect 2= 0.05 (P = 0.96) Favours infliximab Favours etanercept
7.5 ASAS 20 - 12 weeks
Etanercept Infliximah Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Giardina 2009 15 25 19 25 100.0% 0.79[0.54,1.16] —
Total (95% CI) 25 25 100.0%  0.79[0.54, 1.16] e
Total ewents 15 14
Heterageneity: Mot applicable D:S U:?‘ 155 é
Testforoverall effect Z=1.19 (P =0.23) Favours inflirmah Favours etanercept
7.6 ASAS40
Etanercept Infliximah Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Giardina 2008 11 25 14 25 100.0% 0.79[0.45 1.39]
Total (95% CI) 25 25 100.0%  0.79[0.45,1.38] —e—
Total ewents 11 14
Heterogeneity: Mot applicable EIIS DI? 155 é
Testforoverall effect. 2= 0.84 (P = 0.40) Favours infliximal Favours etanercept
7.7 Serious infections
Etanercept Infliximab Peto Odds Ratio Peto Odds Ratio
Study or Subgroup  Events Total Bvents Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
Giardina 2009 1 25 2 25 100.0% 0.501[0.05, 5.03]
Total (95% CI) 25 25 100.0% 0.50 [0.05, 5.03] —ee
Total events 1 2
Heterogeneity: Mot applicahle ID o1 051 1ID 1DD=
Testforoverall effect: 2= 0.59 (F = 0.58) F'a\tnurs e'tanercept Favours inflixirmakh
7.8 Injection site reaction
Etancerept Infliximab Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Giardina 2009 5 25 1 25 100.0% 5.00([0.63, 39.79] —
Total (95% CI) 25 25 100.0% 5.00[0.63, 39.79] —reni——
Total events 5 1
Heterogeneity: Mot applicable 'D,D1 0:1 s P

Testfor overall effect £2=152F=012)
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7.9 Headache

Etanercept Infliximah Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Giardina 2009 T 25 a 28 100.0% 0.88 [0.37, 2.09]
Total (95% CI) 25 25 100.0%  0.88[0.37, 2.05]
Total ewents T g
Heterageneity: Mot applicable 0 :DS 0:2 } :i: 250
Testforoverall effect 2= 0.31 (P = 0.76) Favaurs etanercept Favours infliimab
7.10 Diarrhoea
Etanercept Infliximah Peto Odds Ratio Peto Odds Ratio
Study or Subgroup  Bvents Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI|
Giarding 2009 1 25 2 25 100.0% 0.50 [0.05, 5.03]
Total (95% CI) 25 25 100.0% 0.50 [0.05, 5.03] e ——
Taotal events 1 2
Heterageneity; Mot applicable ID o 051 1ID 1E|DI
Testfor overall effiect 2= 0.59 (P = 0.36) F'avuurs e'tanercept Favours infliximah
8 TNF-inhibitors versus placebo
8.1 Withdrawals due to AE
Anti-TNF drugs Placebo Peto Odds Ratio Peto Odids Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% Cl Peto, Fixed, 95% Cl
8.1.1 6 weeks
Brandt 2003 0 14 0 16 Mot estimahle
Subtotal (95% CI) 14 16 Not estimable
Tatal events 0 ]
Heterogeneity: Mot applicable
Test for overall effect: Mot applicable
8.1.2 12 weeks
Braun 2002 3 34 0 3\ 11.7% 8.09[0.81, 80.41)] T
Calin 2004 a 45 0 39 Mot estimahle
wan der Heijde 2006h 14 304 0 a1 265% 336073, 15.41] I e —
Subtotal (95% CI) 384 125 38.2% 4.39[1.23, 15.64] -
Total events 17 0
Heterogeneity: Chi*=0.39 df=1 (P =053}, F=0%
Test for overall effect Z=2 28 (F=0.02)
8.1.3 16 weeks
Garman 2002 0 20 0 20 Mot estimahle
Subtotal (95% CI) 20 20 Not estimable
Tatal events 0 ]
Heterogeneity: Mot applicable
Test for averall effect: Mot applicable
8.1.4 24 weeks
Dawis 2003 T 138 1138 3.2% 4 69[1.15,19.11] —a—
van der Heijde 2005 2 202 1 A A4% 0.73[0.06, 9.36] - T
wan der Heijde 20063 4 20a 20107 MI2% 1.03[0.19, 5.65] —
Subtotal (95% CI) 548 321 61.8%  2.10[0.77,5.69] -l
Total events 13 4
Heterogeneity: Chi*= 260, df=2 (P =027}, F= 23%
Test for overall effect: Z=1. 46 (F=0.14)
Total (95% CI) 966 482 100.0%  2.78[1.27,6.10] -
Tatal events a0 4
Heterogeneity: Chif= 3.79, di=4 (P = 0.433; F= 0% DiJDS 051 150 260

Test for averall effect Z= 2.56 (P = 0.01)
Testfor subaroun differences: Chif=0.80. df=1 (P =037 F=0%

Fawours anti-THF drugs  Favours placeho
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8.2 Total adverse events

Anti-TNF drugs Placebo

Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
8.2.16 weeks
Huang 2008 18 74 10 78 6% 1.890[0.94, 3.84] b
Subtotal (95% CI) 74 78 5.6%  1.90[0.94, 3.84] e —
Total events 18 10
Heterogeneity: Mot applicable
Testfor overall effect Z=178(P=0.07)
8.2.2 24 weeks
van der Heijde 2005 166 202 54 s 45.5% 1.14[0.98,1.33] ril—
wan der Heijde 20063 156 208 G4 107  48.49% 1.25[1.05,1.48] —i
Subtotal (95% CI) 410 182 94.4%  1.20[1.07,1.35] &
Tatal events 322 118
Heterogeneity: Chi*= 064, df=1 (F=042); F=0%
Testfor averall effect 2= 3.04 (P=0.002)
Total (95% Cl) 484 260 100.0%  1.24[1.10, 1.40] &
Total events 340 128
Heterogeneity: Chi®= 2.50, df= 2 (P = 0.29); F= 20% =D > D=5 é %
Testfor averall effec.t: £=3451(P= D'DD_M) Favaurs anti-THF drugs Favours placebo
Testfor subaroun differences: Mot apolicable
8.3 Injectionnfusion site reaction
Anti-TNF drugs Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
8.3.1 6 weeks
Erandt 2003 2 14 a 16 1.2% 567 ([0.29,108.91] +
Subtotal (95% CI) 14 16 1.2% 5.67 [0.29, 108.91] ——e R ——
Total events 2 1]
Heterogeneity: Mot applicable
Testfor overall effect Z=115(P=0.25)
8.3.2 12 weeks
Braun 2002 1} 34 1] 34 Mot estimahble
Calin 2004 14 45 [ 39 16.4% 217 [0.83,5.04] —
van der Heijde 20060 a3} 305 f 150 Z06% 441([240,12149] —
Subtotal (95% CI) 384 224 37.0% 3.97[2.19,7.20] -4
Tatal events a1 12
Heterogeneity: Chi*= 2,83, df=1 {P=011}; P=61%
Testfor averall effect 7= 4.54 (P = 0.00001)
8.3.3 16 weeks
Goarman 2002 A il 1 0 2E%  5.00([0.64, 35.08] N I —
Subtotal (95% CI) 20 20 2.6% 5.00 [0.64, 39.06] i —
Tatal events 3 1
Heterogeneity: Mot applicable
Testfor averall effect Z=153(F=012)
8.3.4 24 weeks
Diavis 2003 41 138 13139 331% 318[1.78, 5.66] ——
van der Heijde 2005 22 202 7 TH 26.1% 117 [0.52, 2.632] —
Subtotal (95% CI) 340 214 59.2% 2.29 [1.45, 3.62] <
Total events A3 20
Heterogeneity: Chi*= 2.91, df=1 (P =008}, P=74%
Testfor averall effect = 3.55 (P = 0.0004)
Total (95% CI) 758 474 100.0% 3.02 [2.12,4.31] L 3
Total events 151 33

H™ - —_ — - 1 1 1 1
Heterogeneity: Chi*=8.33, df= 8 (P =014}, P=40% 'IJ,E|1 0:1 110 1DD'

Testforoverall effect Z=6.10 (P = 0.00001)
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8.4 Serious adverse events

Anti-TNF drugs Placehbo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% Cl Peto, Fixed, 95% CI
8.4.16 weeks
Brandt 2003 1] 14 1] 16 Mot estimable
Subtotal (95% CI) 14 16 Not estimable
Tatal events 0 0
Heterogeneity: Mot applicahle
Test for overall effect: Mot applicable
8.4.2 12 weeks
Braun 2002 3 34 0 35 8.8%  B.09[0.81, 8051] —
Calin 2004 1 45 i 34 30% GB4T[013, 32919
Inman 2010 1 33 i 37 3.0% T.0Z2[014, 35429
Subtotal (95% CI) 118 111 14.9%  7.51[1.28, 44.09] ol
Tatal events 5 a
Heterogeneity: Chi= 001, df= 2 (P=0.99); = 0%
Testfor overall effect Z= 223 (FP=0.03)
8.4.3 16 weeks
Garman 2002 a 20 a 20 Mot estimahle
Subtotal (95% CI) 20 20 Not estimable
Total events a a
Heterogeneity: Mot applicable
Test for overall effect: Mot applicahle
8.4.4 24 weeks
Diavis 2003 ] 138 5 139 404% 1.84 [063,5.37] T
van der Heijde 2005 T 02 2 A 209% 129029, 873 N
van der Heijde 20063 g 208 3107 23.8% 1.03[0.249, 4.16] —
Subtotal (95% CI) 548 321 85.1% 1.43 [0.68, 3.00] -
Tatal events 22 10
Heterogeneity: Chi®==0.44, df=2 (P=0.80), F=0%
Testfor overall effect Z=0.95(F=0.34)
Total (95% CI) 700 468 100.0% 1.83 [0.93, 3.62] -
Tatal ewents T 10
Heterogeneity: Chi®= 3.32, df= 5 (P = 0.65); F= 0% ID 001 051 150 1DDD=

Test for owerall effect =174 (F=0.08)

Testfor subaroun differences: Chi*f= 287 df=1 (P =009 7= 652%
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8.5 Infections

Anti-TNF drugs Placebo Risk Ratio Risk Ratio
Study or Subgroup Events  Total BEwvents Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
8.5.1 6 weeks
Brandt 2003 fi 14 fi 16 348% 1.141[0.48 2.74] —
Subtotal (95% CI) 14 16 3.5% 1.14 [0.48, 2.74] —eoniii——
Total events 43 43
Heterogeneity: Mot applicable
Testfor averall effect: Z=0.30(F = 0.76)
8.5.2 12 weeks
Braun 2002 12 34 18 3l 1% 0.649[0.39, 1.20] e
wan der Heijde 2006k Jats) 305 12 51 13.0% 0.94 [0.55, 1.62] . —
Subtotal (95% CI) 339 86 24.2%  0.83[0.56, 1.22] B
Total events a0 a0
Heterogeneity: Chi*= 068, df=1{F =041} F=0%
Test for averall effect: 2= 0.96 (F = 0.34)
8.5.3 16 weeks
Gorman 2002 12 20 12 20 7E% 1.00[0.60, 1.6E6] B —
Subtotal (95% CI) 20 20 T7.6% 1.00 [0.60, 1.66] .
Total events 12 12
Heterogeneity: Mot applicable
Test for overall effect: 2= 0.00(F =1.00)
8.5.4 24 weeks
Davis 2003 36 138 28 138 158% 1.451[0.92 2.28] T
Lamhert 2007 14 38 a 44 47% 2.03[0.945, 4.30]  —
wan der Heijde 2004 a6 202 a7 A 240% 1.181[0.84, 1.6E6] T
wan der Heijde 2006a 43} 208 23107 19.2% 1.481[0.98, 2.23] I
Subtotal (95% CI) 586 365 64.6% 1.40[1.12, 1.74] L 2
Total events 202 a3
Heterogeneity: Chi*= 195, df=3 (P =048} F=0%
Test for overall effect: 2= 3.00(F =0.003)
Total (95% CI) 959 487 100.0% 1.22[1.02, 1.45] >
Total events 300 131

i 2= _ — B - - ! 1 1 1 1 1

Heterageneity: Chir=8.71, df=7 (P =027}, F= 20% IU.1 u:z 0:5 é é 1D'

Test for overall effect: 2= 221 (F=0.03)
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8.6 Serious infections

Anti-TNF drugs Placeho Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% Cl
8.6.16 weeks
BErandt 2003 1] 14 0 16 Mot estimahle
Subtotal (95% CI) 14 16 Not estimable
Total events 1] 0
Heterogeneity: Mot applicable
Test for overall effect: Mot applicable
8.6.2 12 weeks
Braun 2002 1 34 0 35 13.48% 7.61[015 383.66]
Calin 2004 i 45 0 39 Mot estimahle
van der Heijde 20060 2 305 0 51 13.2% 3.22[0.06, 169.26]
Subtotal (95% CI) 384 125 26.6%  4.98[0.31,80.72] —e
Total events 3 0
Heterogeneity: Chi®=0.08, df=1 (P = 0.76); F= 0%
Test for overall effect: £=1.13 (F = 0.26)
8.6.3 16 weeks
Garman 2002 a 20 0 20 Mot estimahle
Subtotal (95% CI) 20 20 Not estimable
Total events 1] 0
Heterogeneity: Mot applicable
Test for overall effect. Mot applicable
8.6.4 24 weeks
Davis 2003 2 138 1 135 401%  1.87[0.20,19.11] —
vah der Heijde 2005 2 202 0 78 21.2%  396[017F, 9010 e B
van der Heijde 20063 a 208 1107 121% 008 [0.00,3.30
Subtotal (95% CI) 548 321 T34% 1.33[0.25,7.12] ~ealifie-—
Total events 4 2
Heterogeneity: Chi*= 292 df=2 (P=023;F=32%
Test for overall effect Z=0.33(F=0.74)
Total (95% CI) 966 482 100.0% 1.89 [0.45, 7.96] i
Total events 7 2
Heterogeneity: Chi®= 3.65, df=4 (P = 0.46); IF= 0% =D,UI32 UE1 150 5IIIII=I

Test for overall effect Z= 087 (F=0.38)

Test for subdroun differences: Chi= 0.63. df=1{P=043) F=0%

8.7 Tuberculosis

Fawours anti-THF drugs  Favours placeho

Anti-TNF drugs Placebo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
Braun 2002 1 34 1] 35 100.0% 7.61[0.15, 383.66] >
Total (95% CI) 34 35 100.0% 7.61([0.15, 383.66] e —
Total events 1 1]
Heterogeneity: Mot applicable ID ” 051 150 1E|IZ|=
Testfor overall effect: Z=1.01 (P = 0.31) Favours anti-THF drugs  Favours placebo

8.10 Hepatotoxicity (clinical symptoms)
Adalimumab Placebo Peto Odds Ratio Peto Odds Ratio

Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
van der Heijde 2006a 1 208 0 207 100.0% T7.35([014, 370.60]
Total (95% CI) 208 207 100.0% 7.35[0.15, 370.60] e
Tatal events 1 0
Heterogeneity: Mot applicable =IJ 001 051 150 1DDD=

Testfor overall effect Z=1.00(F=0.32)
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8.12 ASAS 40

TNF-inhibitor Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
van der Heijde 2006a a3 208 14 107 2623% 3058[1.82 811] —
Dawis 2003 215 37y 24 129 508% 3.0581[2.10,4.43] —i-
van der Heijde 2005 111 240 12 1158 23.0% 4.43[2.585, 7.70] —
Total (95% CI) 827 351 100.0%  3.37 [2.58, 4.39] &>
Total events 409 50

ity: Chif= = = Rz } } t }
Heterogeneity, Chi#=1.37, df=2{P=051), F=0% 005 02 : 20

Testfor overall effect Z= 899 (F = 0.00001)
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CHAPTER FIVE: ASYSTEMATIC ASSESSMENT OF ADVERSE
EFFECTS OF TNF-INHIBITORS FOR ANKYLOSING
SPONDLYLITIS

The following is a manuscript prepared for publication, based on a systematic review
of the literature, focusing on the potential adverse effects of TNF-inhibitors for
treating AS. The previous manuscript was a Cochrane systematic review of the
efficacy and harms of anti-TNF therapy. This manuscript focuses on this systematic
assessment of the adverse effect data and aims to reach a wider clinical audience by

being submitted for publication in the Journal of Rheumatology.

This manuscript was co-authored by the student (LJM) and her co-supervisors, Dr.
Peter Tugwell and Dr. George Wells, as well as advisor to the thesis, Dr. Annelies
Boonen. Dr Zochling screened search results, performed data extraction, and
provided comments on drafts of the review. The student is the first author on this
manuscript as she had the primary responsibility for data collection, analysis,
interpretation, and writing. Drs Tugwell, Wells, and Boonen provided valuable

feedback throughout the process
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Assessment of adverse effects in the use of TNF-inhibitors (adalimumab,
etanercept, and infliximab) for ankylosing spondylitis: A Cochrane systematic
review

Lara Maxwell, Jane Zochling, Annelies Boonen, Jasvinder Singh, Peter Tugwell,

George Wells

Abstract
Objective: To perform a systematic review of adverse effects of TNF- inhibitors

(adalimumab, etanercept, and infliximab) for ankylosing spondylitis (AS).

Methods: We searched MEDLINE, EMBASE, The Cochrane Library, ACP Journal
Club, CINAHL, and ISI Web of Knowledge to March 2010 for randomized
controlled trials (RCTs) and non-randomized studies (NRS). Two reviewers
independently assessed search results, risk of bias, and extracted data. We performed
network meta-analysis to obtain indirect estimates given the lack of head-to-head
studies.

Results: Fifteen RCTs and 4 NRS with a total of 2,459 participants were included.
Up to 24 weeks, anti-TNF treatment compared to placebo was associated with a
statistically significant higher rate of infections (relative risk (RR) 1.22, 95% CI 1.02
to 1.45; absolute increase in harm 6% (95% CI 1% to 11%)), total number of adverse
events (RR 1.24, 95% CI 1.10 to 1.40; absolute increase 13% (95% CI 6% to 19%)),
withdrawals due to adverse events (Peto OR 2.78, 95% CI 1.27 to 6.10; absolute
increase 2% (95% CI 1% to 4%)), and injection or infusion site reactions (RR 3.02,
95% Cl 2.12 to 4.31; absolute increase 14% (95% CI 10% to 18%)). Serious adverse
events (Peto OR, 1.83 (95% C1 0.93 to 3.6); absolute increase 2% (95% CI 0% to
4%) and serious infections (Peto OR 1.89 (95% CI 0.45, 7.96); absolute increase 0%
(95% CI -1% to 2%)) were not statistically different between the anti-TNF and
placebo groups. Few cases were seen of tuberculosis, lymphoma, demyelinating
disease, and congestive heart failure. Data from NRS at 2 and 3 years were at high
risk of bias and difficult to interpret, but there was no large signal of key safety

outcomes such as serious infections and malignancies.
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Conclusion: Though the total number of infections was increased, we did not find
evidence of an increase in serious adverse events or serious infections from short-
term RCTs,. Data from NRS were at high risk of bias and difficult to interpret, but
there was no large signal of key safety outcomes such as serious infections and
malignancies over a three-year period. Based on indirect comparison methodology,
there did not appear to differences between anti-TNF agents in terms of the key
safety outcomes. Biologic registries with appropriate control patients as well as data

from post-marketing surveillance are required to assess for longer-term harms.

Key indexing terms: systematic review, safety, ankylosing spondylitis

Word count:; 4048
Abstract: 350
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Introduction

TNF (tumour necrosis factor)-inhibitors have revolutionized (1) the treatment of
ankylosing spondylitis (AS) , a sero-negative inflammatory disease characterized by
back pain due to sacroiliitis and spondylitis which leads to ankylosis and functional
impairment. Prior to their introduction, the mainstay of treatment was physical
therapy (2) and non-steroidal anti-inflammatory drugs (NSAIDs) (3;4). However, at
least one- third of patients respond insufficiently to NSAID therapy or experience
serious side effects from NSAIDs and thus require disease-controlling drugs in

addition to symptom modifying treatment.

TNF-inhibitors work by reducing the amount of TNF in the joints which in turn
reduces pain and inflammation. The efficacy of three of the biologics approved for
use in treating AS, adalimumab, etanercept, and infliximab, has recently been
systematically assessed. They appear to significantly reduce disease activity and
improve function, fatigue, and quality of life in studies up to 24 weeks. Reduction in
radiographic progression with the use of TNF-inhibitors has not been established (5).

However, the use of these biologics has raised concerns about potential harms,
especially in terms of serious infections, including tuberculosis, heart and liver
problems, central nervous system disorders, cancer, and autoimmune disorders.
Randomized controlled trials (RCTs) in rheumatoid arthritis patients have suggested
anti-TNF use increases the risk of serious infections and malignancies (6) as has

recent registry data (7;8).

While RCTs may provide the least biased estimate of effect of an intervention, their
strict inclusion criteria and commonly short duration make it challenging to use the
results of RCTs for the assessment of adverse events. This is especially true for rare

or latent effects.
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We conducted a systematic review of both randomized and non-randomized
evidence to assess the adverse events associated with the use of anti-TNF agents
adalimumab, etanercept, and infliximab for the treatment of AS. Given the lack of
head-to-head studies, we also performed a network meta-analysis to estimate the risk

of adverse events of each of the three anti-TNF agents compared to each other.

Materials and Methods

Inclusion criteria

Types of studies, participants, and interventions: We included randomized
controlled trials (RCTSs), controlled clinical trials (CCTs), and non-randomized
studies consisting of the following designs: cohort studies (prospective (e.g. long-
term extension of RCT) or retrospective), case-control studies, case-series, and
published registry data on adalimumab, etanercept, or infliximab. The non-
randomized studies had to follow patients on anti-TNF agents for at least one year,
have a sample size > 100 patients (9;10), and report an included outcome. Patients
had to meet the 1961 Rome, 1966 New York, or modified 1984 New York AS

classification criteria.

Outcomes: We collected data on the following adverse effect outcome measures:
total number of adverse events, serious adverse events, withdrawals, and withdrawals
due to adverse events as well as inefficacy. Specific adverse events of interest were:
headache, diarrhea, nausea, infections, serious infections, tuberculosis, lymphoma or
malignancy, hepatotoxicity, chronic or congestive heart failure, injection- or
infusion-site reactions, autoimmunity symptoms and disorders, demyelinating

disease, and mortality (11).

Search methods for identification of studies and additional data: A Cochrane-trained
information specialist developed and ran the search strategies in the following
electronic databases to January 2009 for the RCT search and May 2009 for a specific
adverse effects search: MEDLINE, EMBASE, The Cochrane Library, ACP Journal
Club, CINAHL, IS1 Web of Knowledge. An updated search from January 2008 to
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March 2010 was run in Ovid MEDLINE, Pre-MEDLINE and EMBASE. We also
searched specifically for full-text articles for any abstracts that were included from

the earlier search.

Two search strategies were developed; one for RCTs and one to specifically search
for adverse effects (Appendix 1). The references of retrieved articles were reviewed.
Conference proceedings from the American College of Rheumatology and European
Congress of Rheumatology meetings were hand searched (by a single author, LM)
from 2005 to 2009. We contacted the authors of included studies for clarifications.
There was no language, year or type of publication restriction. We also searched the
websites of the regulatory agencies (US Food and Drug Administration, European
Medicines Evaluation Agency, Australian Adverse Drug Reactions Bulletin, and UK

pharmacovigilance and drug safety updates) using the terms “ankylosing

99 ¢¢ 99 Cey

spondylitis,” “remicade,” “infliximab”, “enbrel”, “etanercept”, “humira”,

“adalimumab” on April 1, 2010.

Data collection and analysis. Analyses were determined a priori and published as a
Cochrane Library protocol. The more detailed adverse event search was pre-
specified in a MSc thesis proposal. Search results and data extraction was conducted
independently by two people (LM, JZ, or BD), disagreement was resolved by
consensus, and a structured extraction form was used. For missing data, we contacted

trial authors. Data was entered into RevMan 5 for analysis.

Assessment of risk of bias. For RCTs, we used the recommended domains in the
Cochrane Handbook of: randomization sequence generation, allocation sequence
concealment, blinding of participants, personnel and outcome assessors, incomplete
outcome data (dropout rates and reasons for withdrawal, appropriate imputation of
missing data, an overall completion rate > 80%), and selective outcome reporting.
We added two other criteria, specific to the assessment of adverse effects:
ascertainment of outcome - did the researchers actively monitor for AEs (low risk of

bias) or did they simply provide spontaneous reporting of AEs that arise (high risk of
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bias) and definition of adverse outcomes - were definitions provided for 'serious
adverse event'? Each criterion was explicitly judged as follows: Yes = low risk of
bias; No = high risk of bias; Unclear = either lack of information or uncertainty

about potential for bias.

For the non-RCTs, we adapted the Newcastle-Ottawa Scale (NOS) (12) for single-
group cohort studies. We decided that the NOS criteria assessed the important
potential risk of bias criteria concerning the included studies with the exception of
two criteria for single-group cohorts which were not applicable to a single-group
cohort; namely 'selection of the non-exposed cohort' and ‘comparability of cohorts on

the basis of the design or analysis'. We did not judge these criteria in our assessment.

Statistical analysis: Results from the three biologics were analyzed separately. One
further analysis pooled adverse effects data from all three anti-TNF agents to assess
for a class-effect. The results of the studies were analyzed using RevMan 5.0. Data
was summarized using meta-analysis when it was sufficiently homogeneous, both
clinically and statistically. Continuous data was expressed as weighted mean
difference (WMD) or standardized mean difference (SMD) (depending on similarity
of scales). Dichotomous data was expressed as relative risk (RR), unless the data
consisted of rare events (<10%) and then the Peto OR was used. The Peto OR is not
recommended when there is a severe imbalance in the number of people in the
treatment groups (13), and we used the rule of thumb that this is a concern when
there are at least four times as many participants in one group as another as
suggested in Systematic Reviews in Health Care (p.295,(14)). We made a post-hoc
decision to check the robustness of estimates obtained by Peto OR by also using the
Mantel-Haenzsal OR with the standard continuity correction of 0.5.

Heterogeneity of the data was tested for using the I-squared statistic (15). A value
greater than 50% may be considered substantial heterogeneity. In the absence of
significant heterogeneity, a fixed effects model was used, otherwise a random effects
model was used for analysis. Where available, the analyses were based on intention-

to-treat data from the individual studies. We planned to undertake visual inspection
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of funnel plots to assess publication bias; however, the few studies combined for

individual outcomes made this difficult.

A priori defined sub-group analyses were: 1. Intervention: different dosage, trial
duration 2. characteristics of participants: different AS classification criteria, severity
of baseline disease (based on BASDAI , BASFI), age, disease duration, sex. A
sensitivity analysis was pre-specified to assess the effect of study quality (proper
generation of randomization sequence, adequate allocation concealment and

blinding) on the overall estimates of effect.

Given the paucity of head-to-head studies, we undertook an indirect comparison
analysis of the randomized controlled trials using three different methods of indirect
comparisons to obtain summary estimates for comparisons of each of the three anti-
TNF agents versus each other, and to compare and contrast the results from these
different methods: i. the Bucher Adjusted Indirect Treatment Comparison (ITC)
approach (16) using the ITC software designed for the Wells 2009 report (17); ii. the
Generalized Linear Mixed Models (GLIMMIX) approach; iii. the Mixed Treatment
Comparisons (MTC) approach (also referred to as "network meta-analysis"). We
performed indirect comparisons on the following outcomes: withdrawals due to AE,
all infections, and serious infections. The outcomes of withdrawals due to AE and
serious infections had rare events, so in the MTC analysis, a random effects model
was used and the zero events were adjusted for by adding 0.5. Assumptions assessed
were: i. homogeneity; ii. trial similarity; iii. consistency of evidence. Inconsistency

was assessed using the back-calculation method (18).

Results

Figures 1 and 2 show the results of the searches. For the RCT search, fifteen studies
met our inclusion criteria with a total of 2,459 participants. 303 people received
infliximab (19-21;28) in combination with methotrexate (22); 995 received
etanercept (23-30) and 246 received adalimumab (31;32). One study was an open-
label head to head study of etanercept (N=25) and infliximab (N=25) (33).
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For the non-RCT search, only four extension studies from included RCTs met our
inclusion criteria, with six publications from those four studies. For etanercept, there
were two published open-label extension (OLE) studies of the Davis 2003 trial, with
96-and 192-week follow-up. For infliximab, two-year results from the follow-up of
the van der Heijde 2005 RCT on 277 people were published in a full-text article (34).
Patients remained blinded during the extension phase of this trial. One abstract was
found on the two-year follow up of 89 people in the EASIC cohort (35), which was
an extension of the ASSERT trial. For adalimumab, two and three-year OLE data
from the van der Heijde 2006a trial on 311 people were reported in a full-text article
(36) and an abstract (37). Appendix 2 provides the RCT and non-RCT study
characteristics.

The results of the search for warnings on pharmacovigilance websites is summarized
in Table 1.

The results of the risk of bias assessment of RCTs and non-RCTs are summarized in
Appendix 3. Overall, most of the adverse event outcome data from the RCTs were
judged to be at moderate risk of bias and were downgraded due to imprecise
estimates given the low event rates and that the two criteria specific to bias
assessment of adverse events were mostly judged as ‘unclear’. The adverse event
outcomes from the OLE studies were judged to be at a high risk of bias. There is
significant selection bias since participants entering the RCT phase of the study were
already a highly select group of participants, with various co-morbidities excluded.
Those who then continued in the extension phase would have been participants who
did not have a significant adverse event during the RCT-phase. Therefore, the
participants exposed to anti-TNF agents for a follow-up period are not representative
of those in the community who may be taking this treatment. Ascertainment of
exposure to the anti-TNF therapy during the extension study was not provided. Most

studies had less than 80% follow-up.

Due to lack of studies, publication bias could only be assessed for injection/infusion

reactions in the pooled anti-TNF agents against placebo estimate. The funnel plot of
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six studies had an empty spot in the bottom left of the funnel plot, indicating that
there may be bias against small studies with small estimates of harm being
published. However, this interpretation must be viewed with caution given the small

number of studies included in the plot.

Pooled RCT results from all three anti-TNF agents versus placebo

We pooled the results from the RCTs of etanercept, infliximab, and adalimumab to
assess for a class-effect of short-term (up to 24 weeks) adverse effects of TNF-

inhibitors. Table 2 provides a summary of these results.

There was a statistically significantly greater total number of adverse events and
withdrawals due to adverse events in the anti-TNF versus placebo group (RR 1.24,
95% CI 1.10 to 1.40, absolute increase 13%, 95% CI 6% to 19%) and Peto OR 2.78,
95% CI 1.27 to 6.10, absolute increase 2%, 95% CI 1% to 4%) respectively). The
risk of injection or infusion site reactions was significantly greater in the anti-TNF
group (RR 3.02, 95% CI 2.12 to 4.31, absolute increase 14%, 95% CI 10% to 18%).
The risk of any infection was also statistically increased in the anti-TNF group (RR
1.22,95% CI 1.02 to 1.45, absolute increase 6% (95% CI 1% to 11%).

Serious adverse events were not statistically different between the anti-TNF and
placebo groups and neither were serious infections (Peto OR 1.89, 95% CI 0.45 to
7.96, absolute increase 0%, 95% CI -1% to 2%). There was one case of tuberculosis
reported in (19) in the infliximab-treated group compared with none in the placebo
group (Peto OR 7.61, 95% CI 0.15, 383.66, absolute increase 3%, 95% CI -5% to
11%). No cases of tuberculosis were reported in four other RCTs (21;27;32;33).

Four trials reported the absence of malignancies or lymphoma (21;30;32;33) these
were not reported as an outcome in the other trials. Similarly, three studies
(30;32;33) stated they looked for demyelinating or autoimmune disease or

congestive heart failure, but no events occurred. Five studies reported on liver
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function tests, but only one person required hospitalization for hepatotoxicity (on

adalimumab treatment (32).

Adverse effects reported in RCTs, by biologic: We report here on those adverse

effects which were found to be statistically significantly increased in the biologic
group compared to the placebo group.

Adalimumab

There was a significant increase between adalimumab and placebo in terms of total
adverse events (RR 1.25, 95% CI 1.05 to 1.49, absolute increase 15%, 95% CI 4% to
26%) and any infection (RR 1.58, 95% CI 1.10 to 2.27, absolute increase 12%, 95%
Cl 3% to 21%).

Etanercept

There were significantly more withdrawals due to adverse events (Peto OR 4.03,
95% CI 1.43 to 11.30, absolute increase 3%, 95% CI 1% to 6%) in the treatment
group compared to placebo. As well, the treatment group had statistically
significantly more injection site reactions than placebo in both the 25mg twice
weekly and 50 mg once weekly groups (RR 3.60, 95% CI 2.41 to 5.38, absolute
increase 19%, 95% CI1 14% to 24% and RR 5.41, 95% CI 2.40 to 12.19, absolute
increase 18%, 95% CI 12% to 23%, respectively).

Infliximab

At 12 weeks, there was a significant increase in serious adverse events (Peto OR
7.80, 95% CI 1.07 to 56.65), but when 12 and 24 week data was pooled, the result
was no longer significant (Peto OR 2. 47, 95 % CI 0.75 to 8.14, absolute increase
3%, 95% -1% to 6%).

Adverse effects reported in one head-to-head RCT:

The incidence of adverse events in terms of serious infections, headaches and
diarrhea were similar among etanercept and infliximab groups (33). There were no
withdrawals due to adverse events in either group. As well, there were "no cases of
cases of opportunistic infections, tuberculosis, congestive heart disease,

demyelinating disorders, lupus-like syndromes, and malignancy.”
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Adverse effects reported in studies with comparators different from placebo:

The effect of etanercept (50mg weekly) versus sulphasalazine (3g) daily (25) and
infliximab + methotrexate (MTX) versus placebo + MTX (22) were assessed in two
RCTSs. In the Braun 2008 study, there was no difference in the risk of serious adverse
events between etanercept and placebo (RR 1.00 (95% CI1 0.98 to 1.03). This was the
only type of adverse event reported in the abstract.

There was no significant difference between the infliximab + MTX and placebo+
MTX groups in terms of the relative risk of infections (RR 1.50, 95% C1 0.35, 6.50,
absolute increase 7%, 95% CI1 -17% to 31%). Two mild infusion reactions occurred
in the combination group and none in the MTX group. No severe adverse events
occurred in either group.

Adverse effects from open-label extensions

The results from the open-label extension studies were reported in different manners;
in adalimumab studies, adverse effects data were reported separately by those who
had received weekly exposure to adalimumab and those who had received at least
one dose of adalimumab. For infliximab, separate results of the extension study were
reported for the original placebo group in the RCT, the treatment group in the RCT,
and combined. The etanercept extension study reported those who had received at
least one dose of etanercept.

Table 3 summarizes the results for the key harm outcomes across the NRS studies.
While bearing in mind that these studies are judged to be at a high risk of bias, there

is no large signal of an increase in risk over the 2 to 3 year follow up period.

Indirect comparisons

Using RCT data, we performed indirect comparisons on withdrawals due to AE, all
infections, and serious infections, and found that against placebo, results for all
outcomes were not statistically significant and almost all favoured the placebo group
(Appendix 4). For the head-to-head analysis (Table 4), there were no statistically
significant results and no consistency with respect as to which anti-TNF drug was
favoured. Necessary assumptions were met and results were robust across three

different methodologies.
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Subgroup/sensitivity analyses

The studies were quite similar in terms of patient characteristics and interventions so
we did not undertake subgroup analyses. Sensitivity analyses of assessing only those
studies at high risk of bias were not significantly different from the pooled estimates
of the adverse event outcomes. Rare event data was robust to different methods of

estimating the effect.

Discussion

Although fairly broad in scope, we focused on adverse effects which had previously
been raised as concerns in post-marketing surveillance of these three TNF-inhibitors.
Fifteen RCTs with a total of 2,459 participants and four extension studies from those

RCTs were included in this systematic review.

When data for all three anti-TNF agents was pooled together, the total number of
adverse events, withdrawals due to adverse events, injection or infusion site
reactions, and the risk of any infection outcomes over a 24-week period were
statistically increased in the anti-TNF group. We did not find statistically significant
increases for serious adverse events or for specific adverse events of interest such as
serious infections, tuberculosis, or lymphoma, but the data on these outcomes in the
RCTs was quite sparse, leading to wide confidence intervals. Results from these
RCTs were judged to be at moderate risk of bias, mainly due to the imprecision of
the estimates or concerns of selective outcome reporting of the adverse event. There
is evidence that adverse events are selectively reported in RCTs (38-40) and the
majority of studies in this review were judged to be at a high or unclear risk of bias
for this domain. As well, the two criteria specific to AE assessment, method of
monitoring for AE and definitions of SAE, were mainly unclear. It is difficult to
assess these criteria without obtaining all the AE data from the full clinical trial

reports.

Another systematic review and meta-analysis was recently performed which focused

on assessing the risk of serious infections (41) in AS patients taking anti-TNF agents
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and compared them to estimates of risk in groups of patients taking placebo and
NSAIDs. All the included studies in this review were also included in the Fouque-
Aubert review, though our systematic review, which was based on Cochrane
methodology and looked at a broader range of adverse events, included non-RCTs
and also conducted network meta-analysis to provide head-to-head estimates. Based
on RCT data, the two reviews reached the same conclusion in that there does not
appear to be a statistically significant increase in serious infections in AS patients
exposed to anti-TNF agents. This is contrary to the serious infection risk that was
evident in a systematic review of anti-TNF use in rheumatoid arthritis patients (6).
The Fouque-Aubert review authors hypothesized that, compared to RA patients, AS
patients may have fewer co-morbidities due to their younger average age and the
differences in pathophysiology of the two diseases and concomitant treatments (
NSAIDs in AS patients versus steroids with RA patients) may make RA patients

more susceptible to infections (41).

A fair amount of literature has been written on the challenges of assessing adverse
effects and the limitations associated with using RCTs to assess rare or delayed
adverse events have been well established (42-45). Reporting of adverse effects is
often poorly indexed, making the results difficult to find. We conducted an extensive
electronic literature search, supplemented with handsearching of abstracts from two
key conferences and review of major regulatory agency websites but it is possible
that we missed some data, particularly unpublished data from pharmaceutical

companies.

The RCTs included in this review focused on short- term results and were likely
underpowered to find a significant difference between groups, especially for delayed
events such as malignancies. Yazici et al highlights other important limitations in
using RCTs for adverse effects assessment, including lack of reporting of timing of
events; using patient-years inappropriately when events are not randomly distributed

over time; and inadequate sample size to detect harms (46).
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Given the limitations associated with using RCTs for AE assessment, we broadened
our inclusion criteria to include NRS but restricted our NRS inclusion criteria to
those studies with more than 100 people with follow-up for at least one year, as
recommended by an EMEA 2009 guidance document on the treatment of AS (10).
However, the choice of ‘100’ is arbitrary, and a sample size calculation in the
Fougue-Aubert review noted that, based on the risk difference estimate found in their
review, a study with at least 5500 participants would be needed to find a difference

in risk of serious infections between groups.

Applying these strict inclusion criteria to our NRS search meant that we only
included four extension studies from RCTs from the results of the adverse events
search. A major problem with RCT-extension studies is that the participants who
enter them are highly selected in that they originally met strict RCT inclusion criteria
and then did not experience adverse events that were serious enough to make them
withdraw early from the trial before the extension phase began. Therefore, the results
from these OLE studies are not generalizable to the population who are eligible for
anti-TNF therapy. As well, since there is no control group, it is difficult to assess
whether the results of important adverse events of interest such as serious infections,
malignancies or death are much increased compared to what happens in a similar
population. The lack of blinding places these studies at a higher risk of bias, as does
the withdrawal rates and lack of ascertainment of exposure to the drug during the
extension phase. In addition, the small numbers of participants entering an OLE

mean they are underpowered to detect rare AE (47-50).

We did not find evidence of an increase in serious adverse events or serious
infections from RCTs, though total number of infections was increased, and other
adverse events had low event rates. Data from NRS were at high risk of bias and
difficult to interpret, but there was no large signal of key safety outcomes such as
serious infections and malignancies. Based on indirect comparison methodology,
there did not appear to differences between anti-TNF agents in terms of the key

safety outcomes.
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It is important to use the right study design to answer the adverse event of interest
(51). Studies based on large numbers of participants in biologic registry databases,
such as the French registry RATIO (52) and the UK British Society for
Rheumatology Biologics Register (53), with a well-matched control group, will be
useful in clarifying the evidence base regarding rare or delayed adverse effects of

anti-TNF agents.
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Figure 1: Flowchart of search results for randomized controlled trials
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Table 1: Summary of warnings on the TNF-inhibitors from regulatory agency
websites (search date: April 2010)

Regulatory agency/source

# relevant/#
hits

Summary of Warnings and Conclusions

MedWatch: The FDA
Safety Information and
Adverse Event Reporting
Program

11/16

- Recent warning of increased risk of
lymphoma and other cancers associated
with the use of TNF blockers in children
and adolescents; as well specific warning
of leukemia (malignancies already
exists).

- Label warnings added since 2000 for
infliximab: hepatotoxicity; infections
(pneumonia specifically added),
lymphoma, tuberculosis, and other serious
opportunistic infections including
histoplasmosis, listeriosis, and
pneumocystosis, malignancies.

- Label warnings added since 2000 for
etanercept: serious infections leading to
hospitalization or death, including
bacterial sepsis and tuberculosis;
recommendation to screen for latent
tuberculosis infection before beginning
Enbrel; lymphoma and other
malignancies, including acute and
chronic leukemia

- Label warnings added since 2000 for
adalimumab: lymphoma and other
malignancies; skin reactions: new or
worsening psoriasis (all sub-types
including pustular and palmoplantar) ;
serious infections with the combined use
of Humira (adalimumab) and anakinra,
hypersensitivity reactions, including
anaphylaxis, and hematologic events,
including pancytopenia and aplastic
anemia.

European Medicines
Agency (EMEA)

5/73

Since 2000:

- Public statements on Infliximab
(Remicade) on the increased incidence of
mortality and hospitalisation for
worsening Congestive Heart Failure and
increased tuberculosis Infections

- Humira should not be used in people
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who may be hypersensitive (allergic) to
adalimumab or any of the other
ingredients. Humira must not be used in
patients with tuberculosis, other severe
infections, or moderate to severe heart
failure (an inability of the heart to pump
enough blood around the body).
-Summary for public: Enbrel: risk of
serious infections and should not be used
in people who may be hypersensitive
(allergic) to etanercept or any of the other
ingredients. Enbrel must not be used in
patients who have or are at risk of sepsis
(when bacteria and toxins circulate in the
blood and start to damage the organs), or
in patients with infections. Before using
Enbrel, doctors must check that the
patient is free of infections including
tuberculosis.

UK MHRA — Medicines 4/292 - 2001.: states infliximab patients should

and Healthcare products be screened for TB

Regulatory Agency: Drug - July 2008: letter to health care providers

Safety Updates (formerly re: reports of hepatosplenic T-cell

Current Problems in lymphoma in patients treated with

Pharmacovigilance) HUMIRA® (adalimumab)
- congestive cardiac failure,
cardiomyopathy, the frequency of blood
dyscrasias, demyelination, infections,
adult respiratory distress syndrome and
TB should be kept under close
monitoring by the MA (marketing
authorization) Holder

Australian Adverse Drug | 2/72 - Drug-induced lupus erythematosus

Reactions Bulletin

(June 2009): An emerging association
with TNF inhibitors

- TNA-alpha inhibitors (Dec. 2006):
While extremely effective, TNFA
inhibitors are associated with several
serious reactions. These include:

e Hypersensitivity reactions -
immediately post-injection or
delayed;

e Serious and life-threatening infection
and sepsis;

¢ Recrudescence of tuberculosis and
other granulomatous diseases;
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Reactivation of hepatitis B;
Malignancy, including lymphoma;
Haematological reactions such as
pancytopenia and aplastic anaemia;
Autoimmunity - eg, drug-induced
lupus;

CNS reactions, including
demyelinating disorders and
seizures;

New-onset heart failure or worsening
of advanced heart failure
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Table 2: Summary of adverse event data from the RCTs included in this review

TNF-inhibitors versus placebo for ankylosing spondylitis

Patient or population: patients with ankylosing spondylitis
Settings: international hospital and clinic settings
Intervention: TNF-inhibitors (pooled results for adalimumab, etanercept, infliximab) versus placebo

Illustrative comparative
risks* (95% ClI)

Assumed Corresponding risk
risk

Control  TNF-inhibitors
versus placebo

Withdrawals due to 8 per 22 per 1000 OR 2.78 1448 DOPO Absolute increase
AE 1000 (10 to 47) (1.27 to (8 studies") moderate in harm: 2% (1% to
Follow-up: 6-24 weeks 6.1) 4%)
Total infections 269 per 328 per 1000 RR 1.22 1446 DOPO Absolute increase
Follow-up: 6-24 weeks 1000 (274 to 390) (1.05to (8 studies) moderate®  in harm: 6% (1% to
1.45) 11%)
Injection/Infusion 70 per 211 per 1000 RR3.02 1232 PPPO Absolute increase
site reaction 1000 (148 to 302) (212to (7 studies®)  moderate?  in harm: 14% (10%
Follow-up: 6-24 weeks 4.31) to 18%)
Serious adverse 21 per 38 per 1000 OR 1.83 1168 DOPO Absolute increase
events 1000 (20 to 72) (0.93to  (8studies®) moderate*  in harm: 2% (0% to
Follow-up: 6-24 weeks 3.62) 4%)
Serious infections 4 per 8 per 1000 OR 1.89 1448 POPO Absolute increase
Follow-up: 6-24 weeks 1000 (2 to 31) (0.45to (8 studies?) moderate’  in harm: 0% (-1%
7.96) to 2%)
Tuberculosis Medium risk population® OR7.61 69 [Slole]s) Absolute increase
FoII(I)(W-up: 12-24 0 per 3 per 1000 g%%%go (4 studies”)  low** in gi[;n: 3% (-5%
weeks 1000 (0'to 133) -66) t0 11%)
Lymphoma See See comment Not 478 PPO No events in van
Follow-up: 6-24 weeks comment estimable (2 studies®)  low®* der Heijde 2005 or
2006b

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The
corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and
the relative effect of the intervention (and its 95% ClI).

ClI: Confidence interval; RR: Risk ratio; OR: Odds ratio;

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect
and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect
and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

! Brandt 2003, Calin 2004, Gorman 2002 did not have any events in either the treatment or control groups

2 Outcome not reported in all trials

% Braun 2002 did not have events in either the treatment or control group

* Few events and wide confidence interval

® Brandt 2003 and Gorman 2002 did not have any events in either the treatment or control groups

® Used control event rate from recent Cochrane overview of adverse events of biologics (in press, Singh et al. 2010)
” Davis 2003, van der Heijde 2005, van der Heijde 2006a did not have any events in either treatment or control
groups

% van der Heijde 2005 and 2006a reported no events in either group
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Table 3: Summary of adverse events reported in extension studies

Study Total W/D Total Nausea | Total Any Serious | TB Malignancy | Abnormal | Injection | CHF | Demye- Auto- Death
W/D dueto | AE SAE infection | infection or (clinical) site/ lination immune
AE lymphoma | liver infusion
function reaction
ETN: Davis 2005- 57/257 | 12/257 | NR 17/257 | 17/257 | NR 5/257 1/257 0/257 (0%) | NR 53/257 NR 0/257 NR 0/257
Results reported for | (22.2%) | (5%) (6.6%) | (6.6%) (2%) (0.4%) (20.6%) (0%) (0%)
72 week OLE and (PPD+ but
all entering OLE no
symptoms)
ETN: Davis 2008- 131/257 | 21/257 | 234/257 | NR 33/257 | 187/257 | 6/257 1/257 0 NR 57/257 NR 0 0 0
Results reported for | (51%) (8.2%) | (91.1%) (12.8%) | (72.8%) | (2.3%) (0.4%) (22.2%)
168 week OLE and
all entering OLE
INF: Braun08- 47/201 | NR 196/201 | NR 34/201 | 158/201 | 8/201 2/201 2/201 (1%) | O 42/201 NR NR 2/201 0
Results reported for | (23.4%) (97.5%) (16.9%) | (78.6%) | (4%) (1%) (] (21.4%) (1%)
cumulative RCT and (PPD+no | lymphoma)
OLE (102 weeks) clinical
and only those symptoms)
originally in tx grp
who entered OLE (
N=201)
INF: NR NR 75/89 NR NR 230** 3** 0 0 NR 4/89 NR NR NR NR
Heldmann09:Results (84.3%) (4.5%)

for EASIC 2 yr OLE
for those who
completed ASSERT
+1.3 yrson INF
before starting
EASIC
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Study Total W/D Total Nausea | Total Any Serious | TB Malignancy | Abnormal | Injection | CHF | Demye- Auto- Death
W/D dueto | AE SAE infection | infection or (clinical) site/ lination immune
AE lymphoma | liver infusion
function reaction

ADA:vdh09:80 wk 56/311 | 24/311 | 293/311 | 27/311 | 48/311 | 213/311 | 6/311 0 4/311 0 42/311 0 0 0 0
OLE; results (18%) (7.7%) | (94.2%) | (8.7%) | (15.4%) | (68.5%) | (1.9%) (1.3%) (1 (13.5%)
reported for non-
cumulative 24wk Hodgkin’s
RCT +OLE( total lymphoma)
~2yr ADA
exposure)
ADA vdHO08 OLE; 88/311 | 3.6vs | NR NR 10.2vs | NR 0.0vs NR 0.0 vs0.7 NR NR NR NR NR 1/311
results reported for (28%) 3.8/100 111 1.4 /100 /100 pt-yrs (0.3%)
cumulative 24wk pt-yrs /100 pt- pt-yrs
RCT +OLE( yrs

total~3yr tx). AE
rate/100 pt-yrs
during 24 week
double-blind period
vs 3 yrs ADA

Footnotes: all events reported as # of patients with an event except those with **=number of events; ADA=adalimumab; INF=infliximab; ETN=etanercept; AE=adverse events;
SAE=serious adverse events; W/D=withdrawals; CHF=chronic or congestive heart failure; TB=tuberculosis; pt-yrs=patient-years; OLE=open-label extension; NR=not reported
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Table 4: Network meta-analysis results for head-to-head estimates

GLIMMIX MTC ITC Favours

Outcomes DRUGI1 DRUG?2 OR LCL UCL OR LCL UCL OR LCL | UCL

Withdrawals

due to AE ADALIMUM ETANERCE 0.381 0.008 18.315 0.013 0.002 4.484 0.25 0.03 1.87 ADA (NS)
ADALIMUM INFLIXIMAB 0.618 0.024 15.641 0.024 0.009 14.465 0.37 0.03 414 ADA (NS)
ETANERCE INFLIXIMAB 1.621 0.086 30.506 0.597 0.110 101.143 1.46 0.20 | 10.75 NC*

All

Infections ADALIMUM ETANERCE 1.406 0.533 3.712 1.369 0.575 4,822 1.16 0.55 2.46 ETN (NS)
ADALIMUM INFLIXIMAB 1.534 0.487 4,835 1.759 0.702 7.886 2.08 0.74 5.81 INF (NS)
ETANERCE INFLIXIMAB 1.091 0.413 2.877 1.151 0.469 4119 1.79 0.61 5.25 INF (NS)

Serious

Infections ADALIMUM ETANERCE 0.173 0.005 6.359 0.062 0.000 7.849 0.02 0.00 | 0.76 ADA (NS)
ADALIMUM INFLIXIMAB 0.080 0.002 2.932 0.032 0.000 3.843 0.01 0.00 0.44 ADA (NS)
ETANERCE INFLIXIMAB 0.463 0.083 2.574 0.180 0.030 5.305 0.44 0.02 10.55 ETN (NS)
DIRECT ETN INF 0.50 0.05 5.03 ETN (NS)

ADA=adalimumab; ETN=etanercept; INF=infliximab; OR=odds ratio; LCL=lower confidence limit; UCL=upper confidence limit; NC*=not consistent; NS=not

significant
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Appendix 1 Search strategies

For RCTs: The MEDLINE search strategy is listed below. Database: Ovid
MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid MEDLINE(R)
<1950 to Present>

1 exp spondylitis, ankylosing/

2 exp spondylarthropathies/

3 (ankylosing or spondyl$).tw.

4 (bekhterev or bechterew).tw.
S54orlor3or?2

6 exp Receptors, Tumor Necrosis Factor/
7 exp tumor necrosis factor/

8 exp Antibodies, Monoclonal/

9 anti-tumo?r necrosis factor$.sh,rn,tw.

10 antitumo?r necrosis factor$.sh,rn,tw.
11 anti-tnf.sh,rn,tw.

12 antitnf.sh,rn,tw.

13 etanercept.sh,rn,tw.

14 enbrel.sh,rn,tw.

15 infliximab.sh,rn,tw.

16 remicade.sh,rn,tw.

17 adalimumab.sh,rn,tw.

18 humira.sh,rn,tw.

19 or/6-18

205and 19

21 randomized controlled trial.pt.

22 controlled clinical trial.pt.

23 randomized.ab.

24 placebo.ab.

25 drug therapy.fs.

26 randomly.ab.

27 trial.ab.

28 groups.ab.

29 27 or 25 or 28 or 21 or 26 or 22 or 24 or 23
30 (animals not (humans and animals)).sh.
31 29 not 30

3220 and 31

33 from 32 keep 1-10
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Appendix 2 Characteristics of included studies
Table 2a: Summary of characteristics of included randomized controlled trials studies

Study Duration Intervention Participant characteristics AE outcomes reported Notes
(weeks) and
comparator
groups
Treatment group Comparator group
Barkham 12 ETN 25mg N=40; mean age W/D due to AE Abstract
2008 twice weekly =40.1; % male=80;
vs placebo disease duration
(yrs)=17 (note,
combined group
characteristics
reported)
Brandt 6 ETN 25 mg N=14; mean age =40; N=16; mean age =32; % | W/D due to AE; injection "Supported by a
2003 twice weekly % male=71; disease male=75; disease reaction; any infection; grant
vs placebo duration (yrs)=15 duration (yrs)=11 serious infection; SAE; (Kompentenzne
tz Rheuma)
from the
German
Ministry of
Research and
by Wyeth
Pharma who
provided the
study drug"
Braun 12 INF 5mg/kg N=34; age (mean N=35; age (mean W/D due to AE; infusion "Funded by a
2002 vs placebo years): 41; % male: years):39; % male: 63; reaction; any infection; grant
68; Disease duration disease duration (years): | serious infection; SAE; (Kompentenzne
(years): 16; 15 tz Rheuma)
from the
German
Ministry of
Research and
by Essex
Pharma,
Munich, who
provided the
study drug"
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Braun 16 ETN 50mg N=379; mean age=41 N=187 SAE Abstract.

2008 once weekly years; 74% male; Funding source
vs SSZ 3 g average disease not reported
daily duration=7.5 years.

(note, combined group
characteristics
reported)

Calin 12 ETN 25 mg N=45; placebo; age N=39; age (mean, W/D due to AE; injection "Trial was

2004 twice weekly (mean, years): 45% years): 41; %male: 77%; | reaction; serious infection; funded by
vs placebo %male: 80%; disease disease duration (years): | SAE; headache; nausea; Wyeth

duration (years): 15 10 diarrhea; MI; hepatotoxicity; | Research"
table reported AE occurring
in >5% of patients

Davis 24 ETN 25 mg N=138; age (mean, N=139; age (mean, W/D due to AE; injection "Supported by

2003 twice weekly years):42; % male: 76 | years):42; % male: 76; reaction; opportunistic Immunex
vs placebo ; Disease duration Disease duration infections; TB; SAE; Corporation"

(years): 10 (years):10 headache; diarrhea; table
reported AE occurring in
>5% of patients

Giardina 102 ETN 25mg N=25; age (mean, N=25; age (mean, W/D due to AE; Reported as a

2009 twice weekly years): 32.6 SD 6.8; years): 31.9 SD 9.2; % injection/infusion reaction; full-text and an
or 5mg/kg % male: 80; male: 76; Disease serious infection; SAE; TB, | abstract from a
infliximab Infliximab group - duration (years): 15.4, malignancy, demyelinating conference.

76% SD 10.6 disease, autoimmune Funding source
Disease duration disorders, congestive heart not reported.
(years): 15.7, SD 6.5 disease, headache; diarrhea;
Gorman 16 ETN 25 mg N=20; age (median, N=20; age (median, W/D due to AE; injection "The majority
2002 twice weekly years): 38; % male: years): 39; % male: 90; reaction; upper respiratory of funding for

versus placebo

65; disease duration
(years): 15

disease duration (years):
12

infections, serious infection;
SAE, diarrhea,
hepatotoxicity;

the study was
provided by the
National
Institute of
Arthritis and
Musculoskeletal
and Skin
Diseases.
Immunex, the
pharmaceutical
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funding source,

supplied
etanercept and
placebo and
provided partial
funding.”
Huang 6 ETN 50mg N=74; no further N=78 Total AE, W/D due to AE, Abstract from
2008 once weekly details SAE, common AEs(>3%) conference
vs placebo reported; hepatotoxicity proceeding.
Funding source
not reported.
Inman 12 INF 3mg/kg or | N=39; age (mean, N=37 age (mean, years): | AE not clearly reported Reported in one
2010 placebo years): 42.9 SD=10.4; | 39.3 SD=10.4; % between RCT and OLE full-text article
% male:82; disease male:78; disease period; SAE and 3 abstracts
duration (years): 11.7, | duration (years): 11.1, from
SD=10.6; Control SD=10.3 conferences.
group -11.1
(10.3) "Supported by
Schering-
Plough,
Canada"
Lambert 24 40mg ADA or | N=38; age (mean N=44; age (mean (SD), AE not reported in full text Sponsored by
2007 placebo every | (SD), years): years): 40 (10.9); % article; abstract reports some | Abbott
other week 41.9(11.1); % male: male: 81.8; disease AE (any infection and death), | Laboratories.
76.3; disease duration | duration (years (SD): but timing of AE is unclear Advisory
(years (SD): 14.5 (9) 12.1(8.7) committee,
12.1 (8.7) including
authors from
academic
institutions and
Abbott
Laboratories.
All authors
were involved
in preparation
of manuscript.
Marzo- 30 INF(5 mg/kg + | N=28; age (mean, N=14; age (mean, “Drug-related AE” reported; | This study was
Ortega MTX vs years): 41; % male: years): 39; % male: 79; total AE; infusion reaction; supported by a
2005 placebo + 82; disease duration disease duration (median | infections; serious infections; | grant in aid
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MTX (both (median years): 8 years): 10 SAE from Schering-
groups 7.5 mg Plough, UK.
—10mg folic
acid per week)
Van der 24 5 mg/kg INF N=201; age (mean, N=78; age (mean, W/D due to AE; total AE; "Supported by
Heijde vs placebo years): 40; % male: years): 41; % male: 87, infusion reaction; any Centocor Inc"
2005 78; disease duration disease duration (years): | infection; serious infection;
(years): 8; 13 SAE; TB; lymphoma; death;
headache; nausea; diarrhea;
hepatotoxicity
van der 24 ADA 40 mg N=208; age (mean, N=107; age (mean, W/D due to AE; total AE; "Supported by
Heijde every other years): 42; % male: 76 | years): 43; % male: 74; injection reaction; any Abbott
2006a week vs %; disease duration disease duration (years): | infection; serious infection; Laboratories™
placebo (years): 11 10 SAE; TB; lymphoma;
demyelinating disease;
autoimmune disease;
congestive heart failure;
death; headache
Van der 12 ETN 50mg ETN 50mg once Placebo:N=51; mean age | W/D due to AE; injection "Study was
Heijde once weekly weekly:N=155; mean (SD)=40.1 (10.9); 78.4% | reaction; any infection; supported by
2006b vs ETN 25mg | age (SD)=41.5 (11.0); | male; disease duration, serious infection; lymphoma; | Wyeth
twice weekly 69.7% male; disease years (SD)=8.5 (6.8). demyelinating disease; Pharmaceuticals
vs placebo duration, years autoimmune disease; death; , Collegeville,
(SD)=9.0 (8.7). headache ; nausea; diarrhea Pennsylvania,
Etanercept 25mg twice USA (study

weekly:N=150; mean
age (SD)=39.8 (10.7);
76% male; disease
duration, years
(SD)=10.0 (9.1).

drug and grants
to
investigational
sites).
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Table 2b: Summary of characteristics of studies included for long-term adverse event assessment of adalimumab,

etanercept, and infliximab

Study Drug Country Study type Funding source Population at Duration of Outcomes
risk/Number observation &
completed study Reporting details
Davis 2005 (FT) Etanercept America, Open label extension | Study funded by | 257 enrolled in 96 weeks (24 wk AE, SAE, infections,
Canada, (from Davis 2003 Immunex Corp,a | OLE (outof 277 in | RCT + 72 wk OLE) | serious infections,
Netherlands, RCT) wholly owned RCT) Reported OLE data | lupus, demyelinating
Germany, subsidiary of only. Reported AE disorders, lymphoma,
France Amgen Inc, and combined ETN + death
by Wyeth PL patients
Research
Davis 2008 (FT) Etanercept America, Open label extension | Study funded by | 257 enrolled in 192 weeks (24 wk AE, SAE, infections,
Canada, (from Davis 2003 Immunex Corp,a | OLE (outof 277 in | RCT + 168 wk serious infections,
Netherlands, RCT) wholly owned RCT)/126 OLE) Reported lupus, demyelinating
Germany, subsidiary of completed OLE data only. disorders, lymphoma,
France Amgen Inc, and Reported AE death
by Wyeth combined ETN +
Research PL pts
van der Heijde 2009 | Adalimumab 43 centers in Open label extension | Funded by 311 entered the ~2 years. (24wk AE, SAE, infections,
(FT) the US and (from van der Heijde | Abbott OLE; 296/315 RCT + 80 wk serious infections,
Europe 2006a) Laboratories completed the 24 OLE). Reported injection-site reactions,
week RCT; cumulative AE data | congestive heart
218/311 were only. Reported AE | failure, lupus,
exposed for at least | combined ETN + demyelinating
1.75 years PL pts disorders, lymphoma,
death
van der Heijde 2008 | Adalimumab 43 centers in Open label extension | Funded by 311 entered the ~3 years. (24 RCT AE, SAE, serious
(AB) the US and (from van der Heijde | Abbott OLE; 296/315 wk + OLE). infections,
Europe 2006a) Laboratories completed the 24 Reported malignancies, death
week RCT; 227 cumulative AE data
received only. Reported AE
adalimumab at 3 combined ETN +
years PL pts
Braun 2008 (FT) Infliximab 33 centers in Extension (blinding Funding not 279 randomized; ~2 years (24 wk AE, SAE, infection,
the US, maintained; from van | clearly stated; but | 61 (78.2%) RCT + 72 wk serious infections,
Canada, and der Heijde 2005) RCT report states | randomized to blinded extension). infusion reaction,
Europe ‘Supported by placebo and 166 Reported lupus, malignancies,

Centocor, Inc’

randomized to
infliximab (82.6%)
completed 102
weeks

cumulative AE data.

Reported separate
results for patients
originally in INF gp
who entered OLE

death
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Heldmann 2009

Infliximab 6 European Open label extension; | Not disclosed 89/149 from van ~ 5 years. Results AE, SAE, infections,
(AB) countries started 1.3+/-0.9 yrs der Heijde 2005 presented only for serious infections,
after the van der RCT entered the 2 year EASIC infusion reactions,
Heijde 2005 RCT EASIC after cohort study malignancies
infliximab
treatment during
lag phase

AB=abstract; AE=adverse event; FT=full-text; OLE=open-label extension; SAE=serious adverse event
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Appendix 3 Methodological quality of included studies

Incomplete outcome data addressed? (Efficacy outcomes)
Incomplete outcome data addressed? (Safety outcomes)

Blinding? (Patient assessed outcomes)
Blinding®? (Physician assessed outcomes)

Adeguate sequence generation?
Free of selective reporting?
SAE definitions provided?

Allocation concealment?
method of AE monitoring
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Figure 3a Summary of the risk of bias of included randomized controlled trials
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Table: Azzeszment of rizk of bias in non-F.CTs vsing the Newcasde-Ottewa Scals for cohort smdies

NOE Criteria Swdy | Judzment: Stdy | Tedzment Swdy | Judement Study Judement Study | Judement Study Judement
Selection wdHID wdHOE Braun Hszld- Doaviz DavizlB
08 mann{d 03
Faprazan@tivensss | O Highly 1] Highly zzlect=d |0 Highly szkectzd | O Highly 1] Hizhly 1] Highty
of the sxposed zzlzcted for for RCT, 2 for RCT; if2 z2lactad for szlected for szleced for
cohort RCT,if= significant AE siznificant AE RCT,if= RCT,ifa RCT;ifa
significant in RCT phaz= inF.CT phaze significant significant ziznificant
AE inRCT would not would not AEinRCT AE inRCT AE in RCT
phass would contins contins phass would phaszs phazs
ot contine ot continue would not would not
continee continue
Selection of the N/A Sinzk HN/A Singls cohort; MN/A Singla cohort; NA Single HNA Single HA Singls
non expoed cohort; 21l all exposed Ell emposad cohort; 21 cohort; all cohort; 211
oohort axposad exposad exposad exnposad
Azcenainment of o nons of the 1] 1] none of the L] none of the 1] none of the | O none of the
ENPOILLE publizhed publizhed publizhad publizhad publizhad
articles articles statad articles srficles articles
stetad how how they steted how statad how seedhow
thay zzcarrainad thet scermined that thay they thay
azcartained participane in participants in azcarntainad Ezcertainad zscartzined
that the exEnsion the extenzion that that that
participants study wars shudy warz participants participants parficipant
in the taking the znti- tzking the ant- in the in the in the
SxEnzion THF therapy as THF therapy 2z axtenzion sxEnzion sntenzion
Demonstration * Strict * Strict emclueion | * Srictexlvsion | O Ther= wasa | * Exclusion * Exclusion
that outcome of encluzion criteria for RCT crieria for RCT 1.3 warlag criteria for criteriafor
interest was not criteria for (2.2 TE, hizstory . after ECTi=.g FCT (=g
prezant af sar of ECT (=g of cardisc, ion, CHF, ASSERT hada had 2
sudy TE, hiziory ezl multple and baforz sariouns zarious
of candiac, nenrologic, srleroais, SLErting infaction infac ion
renal, pevchistric, maliznency) EASCz0 (reguiring (r2quiring
naurologic, endocrinologic unclear if hocpitalizat hospitalizat
peychiatric, metsbolic, or tha outcoms ion or IV ion or IV
endocrinolo hepatic diszas; W prRsant antibiotics) antibiotics)
Eic and 2 history of atstartof i )
metsbolic, demyalinating EASC
of hapatic dizeazs,
dizanzs; and multipls
& history of slerods, or
malisnancy)
ng disaaze,
multipla
zlerosiz, or
malignenc
Comparability
Comparsbiliny of | N/A Nothing WA Hothing N/A | Nothing NA Nothing HA Noting HA
cohorts on the controlled controllad for; controfled for; controllad controlled
baziz of the dezizn fior; zinglz zingla cohort zingle cohort for; zingls for; zingle
of snalvsis cohoat cohort cohogt
Ouic ome
Azzezzment of * Noblinding, | * Mo blinding, * Cnly 1 patient * Noblinding, | * No * No
oL ome bt AE of btut AE of uvnblinded ower bt AE of blinding, blinding,
interast had intarzst had the 2 yaam interast had but AE of bt AE of
objactive objective (Figl) and AE objactive intersst had intarzst had
dizmostics dizEnostics of inErest had dizgnostics objactive objactive
objactive diz mostics dizgnostics
dizenostics
Was follow-up * Tes, Jvrs * * { * Tes, 5 wmars | ¥ *
long enough for infactions for vearz for
QUL OMYES 10 DO and maliznencizz infactions infactions infar fonz
maliznancis and =nd and
2 malignanciz maliznanci maliznanci
Adequacy of * 261311 [}] 22T511(73%) | * 61/76 (T8 2%) [1] Not=port=d (0 200/25T [}] 126¢257
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tratment to weaks of OLE of OLE
2 yearz

Figure 3b: Summary of the risk of bias of included extension studies
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Appendix 4 Network meta-analysis results
Table 4 Network meta-analysis results for placebo estimates

ORIGINAL (OR, Favours
GLIMMIX MTC RE)
Outcomes DRUG1 DRUG? OR LCL | UCL OR |[LCL JUCL |OR [LCL |UCL
Withdrawals due 1.03 | 0.19 | 565 | PL(NS)
to AE ADALIMUM | Placebo 1573 | 0109 |22.715 3.358 | 0.066 | 19.510
ETANERCE | Placebo 4125 | 0507 | 33576 7516 | 0.914 | 1541 | 403 | 1.43 | 11.30 | PL (NS)
INFLIXIMAB | Placebo 2545 | 0348 | 18.629 8.225 | 0.305 | 39.120 | 2.76 | 0.50 | 15.22 | PL(NS)
All Infections ADALIMUM | Placebo 1708 | 0731 | 3.992 2176 | 0.884 | 4749 | 187 |1.16 |3.03 | PL(NS)
ETANERCE | Placebo 1215 | 0666 | 2215 1320 | 0638 | 2.320 | 1.27 | 0.84 | 1.91 | PL (NS)
INFLIXIMAB | Placebo 1114 | 0478 | 2.597 1.028 | 0.371 | 2.081 | 0.90 | 0.36 | 2.22 | PL (NS)
005 | 0.00 |3.30 | ADA
Serious Infections | ADALIMUM Placebo 0.216 0.006 7.512 0.759 | 0.000 | 5.346 (NS)
ETANERCE | Placebo 1247 | 0246 | 6.320 2.663 | 0.194 | 12.800 | 2.25 | 0.30 | 17.13 | PL (NS)
INFLIXIMAB | Placebo 2693 | 0517 | 14.022 7.368 | 0.339 | 39.170 | 5.10 | 0.44 | 58.76 | PL (NS)

ADA=adalimumab; ETN=etanercept; INF=infliximab; PL=placebo; NS=not significant; OR=0dds ratio; LCL=lower confidence limit; UCL=upper

confidence limit; RE=random effects
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CHAPTER SIX: DISCUSSION AND CONCLUSIONS

6.1 Discussion

The purpose of this thesis was to examine the variability of three important outcome
measures, namely, disease activity, function, and well-being, over the course of a
year in a pre-biologic era cohort of AS patients and to conduct a systematic review
on the efficacy and safety of using TNF-blockers in the treatment AS using both
direct and indirect evidence. Decisions by patients and clinicians as to what course of
treatment should be undertaken requires both an understanding of the natural history
of the disease as well as the trade-off between benefit and harm of possible

interventions.

This thesis is composed of three manuscripts. The exploration of the variability of
disease activity, function and well-being in the first manuscript (chapter three)
provided a useful characterization of the natural fluctuations of these outcomes in a
cohort of AS patients, unexposed to anti-TNF therapy, and demonstrated that, in this
particular cohort, the current guidelines regarding when TNF-blocker therapy should
be initiated or maintained fit well with the natural course of disease activity in these
patients. The introduction of anti-TNF agents to the list of therapeutic options for AS
patients was heralded as a major breakthrough; however, no systematic review of the
literature had been undertaken to establish and quantify the efficacy and harms of
this treatment. The second manuscript (chapter four) is a systematic review of the
literature following Cochrane methodology and formatting. As mentioned above, a
key component of decision-making for therapeutic options requires balancing the
potential for improvement against the potential for adverse effects. Assessment of
harms often poses greater challenges to systematic reviewers yet is of great interest
to clinicians and patients. The third manuscript (chapter five) focuses on the results
of the systematic review of adverse events associated with TNF-blocker therapy in
AS and highlights the difficulties in assessment of these effects. This manuscript

was written for a specialty journal with the aim of reaching a wider clinical audience.
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In chapter three, our analysis of frequently-measured key outcomes in a year-long
cohort of AS patients demonstrated that there was large variation in these outcomes,
both within and between-individuals, though the variability was greater between-
individuals. As well, we found evidence of complex patterns (cubic and quadratic) in
changes of these outcome measures over the year. This result reinforces the
awareness of the nature of the flare and remission course of this disease and provides
some characterization as to the patterns. Recent work on the patterns of flares by
researchers in the UK identified four possible patterns of disease activity. The most
frequently identified flare pattern in both our study cohort and the UK group was that
of ongoing flares with disease activity in between the flares, thus demonstrating
consistency in the patterns in different cohorts of AS patients. We also assessed the
variability in disease activity in this cohort against current guidelines on the use of
anti-TNF agents using different scenarios of timing of assessments. The majority of
patients showed stability over the scenarios, thus indicating that the current
guidelines of two assessments of disease activity four weeks apart fits well with the

natural course of disease activity seen in this cohort.

In chapter four, a systematic review of three TNF-blockers concluded that there is
mainly high quality evidence from RCTs that, when compared to placebo, these
agents reduce disease activity and improve function in patients with AS. In addition
to establishing efficacy against placebo, clinicians and patients are interested in
knowing how each anti-TNF agent performs against others. One small head-to-head
RCT was found during the literature search. To supplement this direct knowledge,
we used indirect comparison methodology to obtain head-to-head estimates and, in
keeping with the direct RCT results, found there was no significant difference
between the efficacy of adalimumab, etanercept or infliximab against each other.

Therefore, there was no evidence to recommend one TNF-blocker over another.

Assessment of adverse effects is often more challenging than establishing efficacy;
specifically in terms of searching due to poor indexing, a lack of standardized

reporting, and establishing causality. For rare or delayed adverse effects, RCTs are

260



often underpowered and/or too short in duration to provide enough information about
these types of effects. Chapter five focused on the systematic assessment of harms
associated with anti-TNF treatment in AS. A meta-analysis of the RCT data for all
three anti-TNF agents did not find a statistically significant relative increase between
anti-TNF agents and serious adverse events or serious infections in the short-term.
For both of these outcomes, the point estimate favoured the placebo group, though
the absolute increase in harm was small. There were statistically significant increases
in total adverse events, total infections, and injection/infusion site reactions. Few
cases of tuberculosis, lymphoma, demyelinating disease, and congestive heart failure
were observed in the RCTs. Given the problems associated with adverse effect
assessment using RCTs, we performed a systematic search and assessment of
observational data. The only non-RCT studies that met our inclusion criteria were
from four extension studies (single-cohort) following on from the included RCTs.
While this data was judged to be at a high risk of bias, there was no large signal in

safety concerns over the two- and three-year follow-up periods.

6.2 Future research

Future research should focus on the efficacy of these TNF-blockers in head-to-head
studies, and to investigate risk factors for predicting which patients may benefit more
from a specific anti-TNF agent as well as risk factors for different patterns of disease
activity. The assessment of adverse effects can be much enhanced by the
collaboration of both systematic review methodologists and
pharmacoepidemiologists as proposed by Vandenbroucke (1). Data from biologic
registries with a matched control group will be useful in providing estimates for rare

and delayed adverse effects.

6.3 References
(1) Vandenbroucke JP, Psaty BM. Benefits and risks of drug treatments: how to

combine the best evidence on benefits with the best data about adverse effects.
JAMA 2008 Nov 26:300(20):2417-9
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APPENDICES

Appendix A: BASDAI, BASFI, AND BAS-G questionnaires

NRS BASDAI

Please tick the box which represents your answer.
All questions refer to last week. (i.e. )

41. How would you describe the overall level of fatigue/tiredness you have
experienced?

O 1T 2?2131 405006007701 87019110

none VEry severe

42. How would you describe the overall level of AS neck, back or hip pain you
have had?

O 1T 2?2131 45006017701 870197110

none Very severe

43. How would you describe the overall level of pain/swelling in joints other than
neck, back or hips you have had?

O 1T 2?2131 45006017701 8701970110

none Very severe

44. How would you describe the overall level of discomfort you have had from any
areas tender to touch or pressure?

O 1T 2?1 31 4506077087097 110

none Very severe

45. How would you describe the overall level of morning stiffness you have had
from the time you wake up?
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none VEry severe

46. How long does your morning stiffness last from the time you wake up?

O 1T M 2?2 M1 3M1 4 5 6M7T70M 87 9 110
0 hr 1hr 2 or more hrs
NRS BASFI

Please indicate your level of ability with each of the following activities during the
last week.

(i.e. )

(An aid is a piece of equipment which helps you to perform an action or movement)

47. Putting on your socks or tights without help or aids (e.g. sock aid).

O 1T 2?2131 45006017701 8701970110

easy impossible

48. Bending forward from the waist to pick up a pen from the floor without an aid.

O 1M 2?2 3M1 4157016708709 1110

easy impossible

49. Reaching up to a high shelf without help or aids (e.g. helping hand).

O 1T 23140050 6017701 8701910
easy impossible

50. Getting up out of an armless dining room chair without using your hands or any
other help.

O 1" 2?1131 4506077018709 7110

easy impossible
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51. Getting up off the floor without help from lying on your back.

O 1T 2?13 45006017701 870197110

easy impossible

52. Standing unsupported for 10 minutes without discomfort.

O 1T 2?2131 4050060017700 8701 9 110

easy impossible

53. Climbing 12-15 steps without using a handrail or walking aid. One foot at each
step.

O 1T 2?2131 405006007701 87019110

easy impossible

54. Looking over your shoulder without turning your body.

0O 4 1213040501670 70M 87091110

easy impossible

55. Doing physically demanding activities (e.g. physiotherapy exercises, gardening
or sports).

0O 1 1213040051670 70M0870M79 1110

easy impossible

56. Doing a full days activities, whether it be at home or at work.

0O 1 1?2131 4M0501670M1 70087091110

easy impossible
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NRS BAS-G

39. Please tick a box to indicate the effect your disease has had on your well-being
over the last week.

O 1T 2?2131 4500601770870 97110

none VEry severe

40. Please indicate the effect your disease has had on your well-being over the last
six months.

O 1T 2?2131 405006017701 87019110

none Very severe
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Appendix D: Detailed description of methodology used in the analysis of the
manuscript in chapter 3
The methods for each objective are expanded upon below in greater detail than is

allowed in a publication-quality manuscript.

Obijective 1. Describe the variability in the main outcomes, BASDAI, BASFI, and
BAS-G, in of this cohort of patients:
1.1. We used box plots and time plots to describe the variability in each patient and

overall over the 52 weeks.

1.2 Overall inter (between)- versus intra (within)-patient variability was assessed
using a variance component model which estimated the effect of the subject (a
random variable) to the variance of disease activity (Proc Varcomp in SAS), and

intracluster correlation coefficients.

1.3 We used mixed effects modeling to investigate the general patterns of change
over time for BASDAI, BASFI, and BAS-G. Objective 4 below provides greater

detail on mixed modeling methods.

1.4 The minimally clinical important difference (MCID) of disease activity, function,
and global well-being have been identified as BASDAI = 1, BASFI = 0.7, and BAS-
G =1.5,all ona0to 10 scale (1). We investigated the number of patients who
exceeded the MCID from their median score of the outcome for each of these three
outcomes. For example, for patient 1, their median BASDAI was 4.9. We counted
the number of times during the 52-week study that their BASDAI score exceeded 4.9
+/- 1 (since the MCID for BASDAI is 1). We did this for all patients for the three
outcomes of interest. We displayed this as a histogram for each outcome, showing a
count of the number of weeks each patient exceeded the MCID.

1.5 Recent work by Stone et al (2) identifies four different graphical illustrations of

flare and remission patterns of disease activity (Figure 1, page 32). The patterns are:
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1. Flares and remissions with periods of symptom-free remission; 2. Flares with
disease activity in between flares; 3. Severe flare of long duration followed by long
symptom-free remission; and 4. Severe flare of long duration followed by
continuing, constant symptoms. In this cohort, we also had some patients who did
not have a flare over the course of the 52 weeks and so created a fifth category to

describe this lack of a flare.

By visually inspecting graphs of disease activity over time generated for each
patient, we categorized each patient in this cohort into one of these five disease
patterns. In the study by Stone, a flare was defined as an “exacerbation of the disease
that may have required additional treatment or necessitated a visit to a health care
professional”. Given the retrospective nature of our data, we used a change in 1 point
or more in the BASDAI (since the BASDAI MCID =1) to define a flare in our
cohort. We used the chi-square procedure to test for an association between the
disease pattern groupings and sex. We used ANOVA and Kruskal-Wallis to test for
differences between the disease pattern groupings and age and disease duration for
normally distributed variables and non-normally distributed variables, respectively.

Statistical significance was defined as p<0.05.

Objective 2 To determine the number of consecutive assessments that need to be
averaged to provide a stable estimate of disease activity, specifically in the context of
establishing baseline disease activity for a randomized controlled trial, we used a
moving average approach. That is, consecutive observations were averaged to
reduce variability within our observations. In an RCT setting the specific question of
interest is: should we take one baseline measurement and then randomize the
participant, or should we take an average of several weekly scores to obtain an
estimate that reduces the variability, and provides a more stable estimate of disease
activity before randomizing the participant? By averaging the weekly observations,
variability will naturally be reduced, but the important question is whether it is
actually worth the effort to obtain these additional observations to be averaged? To

answer this question we focused on the first four weekly observations in the dataset.
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We chose a maximum of four weeks as we felt that this was most feasible in terms of
time and cost in the context of entry criteria for a RCT. For each patient, we
determined the mean BASDAI for the first week, and then for the next three weeks,
averaging the scores together after each additional week. We calculated the cohort
mean and standard deviation with their respective 95% confidence intervals, as well
as the coefficient of variation (CV, SD/mean) for each of the four categories. We
hypothesized that the mean scores for each of the moving averages would not change
significantly, but that a large reduction in the variability (as measured by the SD and
CV) would indicate that the repeated measures are useful in providing a more stable

estimate of disease activity.

Objective 3 We used the Pearson correlation statistic to investigate the relationship
between the three main outcomes of interest: disease activity (BASDAI) and
function (BASFI) disease activity (BASDAI) and well-being (BAS-G), and function
(BASFI) and well-being (BAS-G) for each patient and presented descriptive
statistics. We also calculated the correlation for the entire sample for each of the
above three pairs of outcomes. To assess the robustness of our results we repeated
the analysis using the Spearman correlation statistic which is a non-parametric test
and less sensitive to outliers. To determine whether disease activity or well-being
contribute independently to physical function, we used mixed effects modeling with
BASDAI or BAS-G as the dependent variable and adjusted for age, sex, and disease

duration.

Objective 4 We used mixed effects modeling to investigate the general patterns of
change over time in disease activity, function, and well-being and to explore the
association of age, sex, and disease duration with these outcomes. Mixed modeling is
the most appropriate type of analysis for this longitudinal study. It allows for flexible
management of the correlation of the observations due to the repeated measures
nature of the data. Since we were interested in the pattern of change over time,
rather than the measurement of outcomes at specific times, we modeled time as a

random factor. We expected that we would find highly variable slopes and
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intercepts so we planned to use a random coefficient analysis which included both a
random intercept and a random slope with time. Therefore, the most appropriate
covariance structure for this analysis is modeled through the random effects (Proc
Mixed in SAS with the Random statement) (3). As well, we included linear,
quadratic, and cubic functions of time given the various types of curves visible in the
individual profiles over time. Since similar results were seen in the time plots of
BASFI and BAS-G, we modeled them in the same way. The following equation
describes this relationship:

Yit = B0i + Bl + &it

where Y are observations for subject i at time t, B0; is the random intercept for
subject i, t is time, B1; is the regression coefficient for time, and & is the error of
subject i at time t. (pg.78 (4)). We used P<0.05 as the cut-point for keeping variables
in the model and used backward elimination to remove non-significant variables. In
selecting the best fit model we used Akaike’s and Schawarz’s information criteria
(AIC and BIC) where the model with the smaller information criteria is preferred.
We entered the following variables in the maximum model: age, sex, disease
duration, daily dose of NSAID, time modeled as linear, quadratic, and cubic
functions, and interaction terms of time with the patient characteristic variables
mentioned above. We undertook model diagnostics, specifically assessing the
normality and distribution of residuals and the distribution of the random effects
(intercept and the random effects of time) to check the fit of the final model. Any
statistically significant interaction terms were further explored graphically in an

attempt to provide an explanation for the interaction.

Obijective 5 As this cohort of patients were assessed in 2000, before anti-TNF
therapy was available as a treatment option they can be considered a historical
control group that can be used to make decisions on when biologics are indicated or
should be switched. Based on the ASAS recommendation of patient selection for
initiation of anti-TNF therapy (5) of active disease for >4 weeks and BASDAI > 4
(0-10 scale), we assumed that two consecutive BASDAI scores greater than four and

measured four weeks apart would be sufficient to initiate biologic therapy. We then
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assessed whether the BASDA\I score every four weeks, from the point of initiation,
either stayed above 4 or declined below 4 for twelve consecutive weeks. The choice
of twelve weeks was made based on the ASAS guidelines which state that the
assessment for a reduction in active disease should be made between six and twelve
weeks; otherwise it is recommended that anti-TNFa therapy is either switched to
another anti-TNFa agent or withdrawn. Week one was taken as the arbitrary starting
point of the assessment.

We categorized patients into one of three categories:

Category 1: patient achieved a level of disease activity that would have
qualified them for biologic treatment (defined as a BASDAI >=4 for 2 consecutive
visits 4 weeks apart), and the natural course of their BASDAI suggests that initiation
and continuation of biologic therapy would have been warranted (ie, BASDAI was
maintained >=4 at 12 weeks follow-up);

Category 2: while two consecutive >=4 BASDAI scores qualified him for
biologic treatment, twelve weeks after this point there was a natural decline in
disease activity and biologic therapy may not have been necessary;

Category 3: there was no point at which biologic treatment would have been
warranted because there were no two consecutive BASDAI scores >=4, measured
four weeks apart.

The percentage of patients in each category was determined. We then repeated the
above analysis using different assessment scenarios of three assessments, four weeks
apart and four assessments, four weeks apart, while keeping the same follow-up time
of twelve weeks, to determine if the number of patients in each category changed
significantly depending on the assessment scenario. We hypothesized that if many
patients were switching categories in the different scenarios, then more than the two
currently recommended assessments may be required.
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