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ABSTRACT
Objectives: To compare the results of meta- and mega-analysis using three
randomized controlled trials of oral budesonide for maintenance of remission in
Crohn's disease.
Methods: The main outcornes of interest were the proportions of patients who
relapsed, experienced adverse events. and were withdrawn from therapy. Odds
ratios and 95% confidence intervals were computed for the meta- and megaanalysis. The confidence interval of the ratio of odds ratios assessed the degree
of concordance between the two methods.

Results: For al1 comparisons. the odds ratio and confidence intervals of the
meta- and mega-analysis were similar. However. the confidence intervals of the
ratios of the odds ratios failed to demonstrate that the two techniques were
interchangeable.
Conclusions: There was insufficient evidence to conclude that mega-analysis is
superior to meta-analysis when the same trials are evaluated. However. this
finding may be the result of a Type II error.
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Chapter 1 - Why another examination of meta- and mega-analysis?

1.1

Introduction

The number of randomized controlled trials (RCTs) in medical research has
grown exponentially. Many of these RCTs assess the same questions. yet show
dissimilar results. This leaves the clinician in a dilemma as to how to interpret
the data which are available. Consequently. a method which summarizes
information from RCTs and thus aids clinicians in making the best possible
decisions for patients is desirable.
Meta-analysis is a statistical method for combining the results of independent
studies. Meta-analysis. or MAL (meta-analysis of the literature). uses summary
data from groups of people, such as means. proportions. or rates, rather than
data from individual subjects.
In contrast. mega-analysis refers to a technique of summarizing the results of
independent studies using data from the individual subjects. MAP or metaanalysis of the patient (or individual) data. is another commonly used synonym
for rnega-analysis.
Meta-analyses are widely used by medical and social science researchers. The
Cochrane Collaboration is an international organization whose mandate is to
disseminate the results of systematic reviews (including meta and megaanalyses) of health care interventions and to improve the methodology for
performing these studies (Mulrow & Oxman, 1997). Within the Cochrane
Collaboration, groups have formed to conduct systematic reviews in specific
clinical areas. In addition, methodology working groups discuss methodologic
issues, and promote quality improvement among investigators who conduct
systematic reviews.

One of the main benefits of meta-analysis is the considerable savings of time
and money which results if analyses of existing data can be used to derive valid
answers to clinical questions. Increased statistical power is also an important
benefit of meta-analysis. Thus it is particularly useful when the results of several
small, under-powered studies have not yielded a definitive conclusion regarding
a clinical question.
However, some methodologists daim that mega-analysis is superior to metaanalysis. since more detailed analyses can be performed. Mega-analysis is
suitable for the performance of time-to-event and repeated measures analyses
and perrnits the use of other statistical rnethods such as multiple regression and
analysis of variance (ANOVA). Also. the comprehensive evaluation of missing
data and greater flexibility in the control of confounders are significant
advantages. Despite these advantages mega-analysis requires homogeneous
data sets and the estabtishment of a common data base. The latter criterion is
time-consuming and expensive and thus defeats one of the main advantages of
using summary data from existing studies.

A controversy exists in the literature over whether the summary results derived
from meta- and mega-analysis differ. Eight studies have addressed this
question. Clarke and Godwin (1997) discussed an example of ovarian ablation
for the treatment of breaçt cancer. Fortin and others (1995) presented a study of
fish oil for the treatment of rheumatoid arthritis to validate a rneta-analysis with a
mega-analysis. Malthaner (1998) evaluated preoperative chemotherapy plus
surgery versus surgery alone for the treatment of squamous-cell esophageal
cancer. D'Amico and Liberati (1997) evaluated the use of antibiotics in selective
decontamination of the digestive tract for the prevention and treatment of
respiratory tract infection in medical and surgical intensive care units. Stewart
and P a n a r (1993b) attempted to answer this question, by performing both a
meta- and mega-analysis of cisplatin for the treatment of ovarian cancer. Jeng,

Scott and Burmeister (1995) evaluated the use of meta- and mega-analysis of
paternal cell immunization for the treatment of recurrent miscarriage. Warde and
Payne (1992) and Pignon and Arriagada (1992). and Pignon and colleagues
(1992) used the example of radiotherapy for the treatment of limited stage smallcell lung cancer. Marino. Preatoni. and Cantoni (1995) and the Non-Small Cell
Lung Cancer Collaborative Group (Anonymous. 1995a) considered the use of
radiotherapy alone versus radiotherapy plus chemotherapy for the treatment of
non-small cell lung cancer. These studies will be discussed.

A comparison of the results of meta- and mega-analysis is undenvay which
examines the efficacy of chemotherapy for the treatment of head and neck
cancer. However. the results of this study are not yet available. The metaanalysis has been published and the mega-analysis is being performed (Munro.

1995; Pignon & Bourhis. 1995).

Despite the existence of these data. only three of the eight studies have used the
same data set of clinical trials (and patients) for the comparison of the results of
meta- and mega-analysis. Since the investigators compared data from different
studies, this may have led to invalid conclusions.

This study addressed the question of whether the results of a meta- and megaanalysis differ. In an attempt to overcome the most important methodological
deficiency of previous studies, we evaluated this question in a well defined data
set: randomized controlled trials which evaluated the effect of oral budesonide
for the maintenance of remission in Crohn's disease. The same studies were
used in both the meta- and mega-analysis. These trials were relatively
homogeneous in design, implementation. study population, medical therapy.
length of follow-up. and outcome rneasures, and were funded, conducted and
monitored by the same sponsor.

1-2

Background

Meta-analysis has four main purposes:
1. to resolve uncertainty when reports disagree.

2. to increase statistical power for the analysis of both primary and secondary
outcornes. and subgroups.
3. to improve the precision of estimates of the effect size. and
4. to answer questions not posed at the start of individual studies (Rockette &

Redmond. 1988; Spector & Thompson. 1991: Spitzer. 1991: Thacker. 1988;
Warde & Payne. 1992).

The use of meta-analysis is common in the medical literature. Since data may
be generated at a relatively low cost. researchers often use meta-analysis to
summarize the literature for a particular topic. rather than conduct additional
clinical studies. The conclusions of meta-analysis are often used to guide health
care policy and to make decisions regarding the management of individual
patients. Thus. it is important that the conclusions of meta-analysis are valid. A
concern expressed by some researchers is that the use of computer software
packages such as RevMan (Cochrane Collaboration). Meta-Analyst (Lau. 1995).
StatXact (Cytel Software Corporation). EGRET (Statistics and Epidemiology
Research Corporation), and FAST'PRO (Academic Press). may result in the
performance and publication of methodologically unsound and invalid metaanalyses (Hasselblad et al.. 1995; Jenicek. 1995; Olkin. 1995).

Methodologists are pursuing ways to improve the quality of meta-analysis. One
potential means of achieving this goal is to perform mega-analysis as opposed to
rneta-analysis. Although theoretically attractive. this approach is associated with
additional cost and complexity. Furtherrnore. the superiority of rnega-analysis to
meta-analysis has not been clearly established.

Moreover. even if meta- and mega-analysis result in similar conclusions. megaanalysis rnay still be a more attractive rnethodology because data missing from
earlier reports can be obtained. confounders and interactions can be taken into
account more reliably, and complex statistical processes such as time-to-event
analyses rnay be performed (Easterbrook. 1993: Pignon 8 Arriagada. 1993;
Richards. 1995: Stewart & Clarke. 1995). Additional benefits rnay result from the
increased cooperation among various trialists which is a prerequisite for the
performance of these analyses. These benefits include more complete
identification of eligible trials. and a lower proportion of missing data. The
participation of many experts rnay also lead to a more balanced interpretation of
the results. wider endorsement of the conclusions by others, and greater
dissemination of the results (Stewart & Clarke. 1995).
Despite the advantages of using individual data. there are problems inherent with
the methodology of mega-analysis. The time and money available to
researchers are limited. and it rnay take a considerable amount of both to obtain
the necessary data. Pharmaceutical companies and investigators rnay be
reluctant to share data. and a great deal of time rnay be required to retrieve
these data even if cooperation is obtained. Cleaning. checking and re-formatting
the various data sets also adds to the time and costs of performing megaanalyses (Easterbrook, 1993; Stewart & Clarke, 1995).
Thus, a need exists to critically evaluate the results obtained by meta- and
mega-analysis. before definitive conclusions regarding the superiority of either
method can be drawn. Several studies have conducted direct and indirect
comparisons of the results obtained using the two approaches. Direct
comparisons are defined as studies in which the meta- and mega-analyses were
perforrned at the same tirne by the same investigators. Indirect comparisons are
defined as studies in which the meta- and mega-analyses were performed at
different points in time by different investigators.

1.2.1

Direct Comparisons of the Results of Meta- and Mega-Analysis

Clarke and Godwin (1997) performed a study comparing the results of meta- and
mega-analyses of ovarian ablation (halting ovarian function by surgical removal
or irradiation) for the treatment of breast cancer.
Twelve RCTs of ovarian ablation for breast cancer were identified. IO of which
provided individual patient data (1746 patients). and seven of which were
published (1644 patients; two of these trials did not provide individual patient
data). It was not possible to determine the cause of the discrepancy between
the number of trials included in these analyses. other than a suspicion that the
data were unavailable. The prirnary outcome was rnortality at the longest period
of follow-up available (three and five year rates were available from the megaanalyses). The mega-analysis was performed by the Early Breast Cancer
Trialists Collaborative Group. Subsequently. the meta-analysis was perforrned
using the same trials which were eligible for the mega-analysis. Therefore. trials
published after the mega-analysis was performed were not eligible for the meta-.
analysis. This was done to ensure comparability between the results of metaand mega-analysis.
The meta-analysis reported a pooled odds ratio of death of 0.86 (95%CI: 0.68-

1.07)while the mega-analysis generated a pooled odds ratio of death of 0.76
(95% CI: 0.65-0.88) in favour of ovarian ablation (as compared to control).
Further analyses were performed to limit both analyses to the same five trials
which provided both summary and individual patient data. In this case. the metawhile the megaanalysis had a pooled odds ratio of 0.81 (95% CI: 0.63-1-03)
analysis revealed a pooled odds ratio of 0.72 (95% CI: 0.61-0.86). However. the
meta-analysis was based on data from 1332 patients whereas the mega-analysis
considered data from 1145 patients.

Thus, in the analyses of ovarian ablation for the treatment of breast cancer, it
was shown that when the same five trials were used for both the meta- and
mega-analysis, the interpretation of the results differed. The mega-analysis
demonstrated a statistically significant result whereas the meta-analysis did not.
Consequently, discordant interpretations of the value of ovarian ablation for the
treatment of breast cancer were produced by the two methods.

Fortin and colleagues (1995) conducted a mega-analysis to validate the results
of a meta-analysis of the effects of three months of fish oil supplementation on
rheumatoid arthritis. Nine randomized double-blind placebo-controlled trials (368
patients) were included in the meta-analysis. However. in the mega-analysis, the
number of patients available for evaluation of the number of tender joints was
270. and 278 patients for the duration of morning stiffness from the ten trials.
One study was excluded from the meta-analysis because no surnmary data was
available for the placebo arm. however individual data for the placebo arm was
available for the mega-analysis. Treatment allocation in one study (included in
both the meta- and mega-analysis) was not judged to be random. This study
was included. however. the results were not affected by its exclusion. Further
sensitivity analyses were conducted which evaluated the effects of removing one
study which was not included in the meta-analysis. The results derived from this
comparison are as follows.

Dietary fish oil supplernentation significantly reduced the number of tender joints
(meta-analysis: mean difference of 2.9, standard error of 0.43, and p=0.001).

and duration (minutes) of morning stiffness (meta-analysis: mean difference of

25.9. standard error of 9.4. and pc0.01). as compared to placebo. From the
mega-analysis, patients who were treated with fish oil had, on average, 2.3 fewer
tender joints (standard error of 0.63) and 18.3 fewer minutes of morning stiffness
(standard error of 7.8) than patients treated with placebo. These reductions
were statistically significant: tender joint count (p=0.001) and duration (minutes)

of moming stiffness (p=0.020)

The differences observed between the results of the meta- and mega-analysis in
this instance were neither clinically nor statistically significant (White. 1997). The
estimates and the standard errors of the estimates were very similar which
supports the notion that the results of meta- and mega-analysis are comparable
when the same studies with similar numbers of patients are included in both
analyses.

Malthaner (1998) compared the results of meta- and mega-analysis in three
RCTs comparing preoperative chemotherapy and surgery to surgery alone for
the treatment of squamous-cell cancer of the esophagus. The outcome of
interest was mortality. The same trials were included in both the meta- and
mega-analysis. However. the meta-analysis was based on data from 191
patients at three year follow-up. the mega-analysis using the Peto pooled odds
ratio was based on data provided for 186 patients. and the mega-analysis using
the hazard ratio was based on data for 183 patients.

The hazard ratio was used to summarize the results of the mega-analysis. since
the investigator had access to the individual patient data. and hence could
analyze data using survival curves. The hazard ratio is defined as the ratio of the
observed number of events divided by the expected number of events in each
treatment group (for example. treatment versus control) (Friedman, Furber. &
DeMets. 1996). A hazard ratio of one irnplies that there is no difference in
survival among the two groups (Friedman et al.. 1996). However, for the metaanalysis, the investigator had access only to the summary data. and hence could
only generate point estimates of death based on the proportion of patients
deceased at defined time intervals. Thus the presentation of data using the odds
ratio of death at specific time points.

The meta-analysis resulted in a Peto pooled odds ratio of death at three years of
0.99 (95% CI: 0.43-2.28). The mega-analysis reported a Peto pooled odds of
death of 0.83 (0.35-2.02). and a hazard ratio of 0.97 (95% CI: 0.83-1.13).
Based on these analyses. Malthaner (1998) found no evidence of a difference in
efficacy between preoperative chemotherapy plus surgery versus surgery alone
for the treatrnent of squamous-cell esophageal cancer. These results were
consistent across the three sets of analyses. However. the confidence interval
was much narrower in the mega-analysis which was based on a comparison of
hazard ratios. even though this analysis included a slightly smaller number of
patients than the other two analyses.

Clarke and Godwin (1997). Fortin and colleagues (1995). and Malthaner (1998)
conducted comparisons of the results of meta- and rnega-analysis in an optimal
manner by restricting both analyses to the same studies. However. other less
rigorous comparisons exist.

D'Amico and Liberati (1997) performed a comparison of the results of meta- and
mega-analysis of topical plus systemic antibiotics versus no treatrnent in
selective decontamination of the digestive tract for the prevention and treatment
of respiratory tract infection in medical and surgical intensive care units.
The rneta-analysis was based on 11 published RCTs (2237 patients) while the
mega-analysis was based on 8 of these 11 studies (1776 patients). The
outcome of interest was death.
The meta-analysis demonstrated an odds ratio of death of 0.66 (95% CI: 0.55-

0.80).while the mega-analysis reported an odds ratio of death of 0.77 (95%CI:
0.61-0.97). That is. the use of antibiotics was effective in preventing death due
to respiratory tract infection as compared to no treatment at all.

Despite the disagreement in the number of trials and patients included in these
analyses, the conclusions of meta- and rnega-analyses agreed that prophylactic
antibiotics reduced the incidence of respiratory tract infections in intensive care
units. The meta-analysis was based on data for a greater number of patients
and thus the confidence interval of the odds ratio was narrower than that
observed in the mega-analysis.
In one of the most widely cited comparisons. Stewart and Parmar (1993b)
evaluated the results of meta- and mega-analysis using data from randomized
trials which assessed the efficacy of cisplatin therapy for the treatment of ovarian
cancer. Eight RCTs were used to perform the meta-analysis. Eleven RCTs
(seven of which were included in the meta-analysis) were used to perform the
rnega-analysis. This resulted in the inclusion of 788 patients in the metaanalysis and 1329 in the mega-analysis. Since the authors were attempting to
compare the results derived using the two techniques in a common data set. this
was clearly not an optimal situation. One trial (Carmo-Pereira. Olivera Costa &
Henriques. 1983 as cited in Stewart & Parmar. 1993b).which used and favoured
the single drug chemotherapy. was included in the meta-analysis but was
excluded from the mega-analysis because the individual data were not available.
An unpublished trial (Crowther as cited in Stewart & Parmar. 1993b) was
included in the mega-analysis but not in the meta-analysis. No explanation was
provided by the authors for these exclusions.
For these reasons, the data sets used by the two techniques differed
considerably. Consequently, the patients whose data were analyzed in the
rneta-analysis had a shorter median time of follow-up (3.5 years) than the those
used for the mega-analysis (6.5 years).
The odds ratio of death derived from the rneta-analysis was 0.71 (95% CI: 0.52-

0.95) and the absolute difference in survival at 30 months was 7.5%. Thus, the

meta-analysis demonstrated a statistically and clinically significant benefit of the
combination regimen. However. the hazard ratio of the mega-analysis was 0.93
(95% CI: 0.83-1 -05)which corresponded to an absolute difference in survival at

30 months of 2.5% in favour of the platinum combination chemotherapy over
single non-platinum drugs. This was not a statistically significant difference
(Stewart 8 Parmar. 1993b). The lack of statistical significance shown in the
mega-analysis may have occurred from the inclusion of the 541 additional
patients, or alternatively may be the consequence of having access to more
complete patient data as a result of an increase in the length of the follow-up
period.

Stewart and Parmar concluded "the results of a meta-analysis of the literature
alone may be misleading and

...

meta-analysis of the individual patient data

should be done because this provides the least biassed and most reliable means
of addressing questions that have not been satisfactorily resolved by individual
clinical trials." However. in response Harvey. Peters. and Toth (1993) have
stated "[this] study does not justify the sweeping general assertion that MAP
[mega-analysis] is better than MAL [meta-analysis]".

A final direct comparison was perforrned by Jeng and colleagues (1995) using

data from trials which evaluated the efficacy of paternal cell immunization for the
treatment of recurrent miscarriage.

The meta-analysis was performed using data from four RCTs with 202 patients,
while the mega-analysis was performed using data from eight trials and 379
patients. The main outcome measure was the relative live-birth ratio. The
relative live-birth ratio is the proportion of live births in the treated group divided
by the proportion of live births in the control group.

The relative live-birth ratio in the fixed effects meta-analysis was found to be 1.29

(95% CI: 1.03-1 -60)
which is supportive of a statistically significant benefit of
immunization. The random effects meta-analysis produced a relative live-birth
ratio of 1.38 (95% CI: 0.89-1.87) implying a non-statistically significant difference
in the proportion of live-births between patients treated with immunization and
control therapies. In the mega-analysis. the relative live-birth ratio was 1.12

(95% CI: 0.97-1-31) implying no statistically significant difference in the
proportion of live-births between those treated with immunization and those
treated with a control therapy. Note that the confidence intervals were narrower
for the mega-analysis. One potential explanation for this finding is the inclusion
of data from an additional 177 patients.
In this study. the fixed effects meta-analysis suggested that a statistically
significant benefit of paternal ceil immunization exists whereas the randorn
effects meta-analysis and the mega-analysis concluded that such an effect was
lacking. Note that a random effects meta-analyses inherently produces wider
confidence intervals than fixed effects rneta-analyses (as will be later discussed
in Section 2.2.1 -6.2j. Again. a different conclusion resulted depending on which
method was employed.
In summary. among the six studies which directly compared the results of metaand mega-analysis, six comparisons in four studies demonstrated that the results
of meta- and mega-analyses were in agreement (Fortin et al.. 1995 - both
outcornes; Malthaner, 1998 - both comparisons; D'Amico & Liberati, 1997; Jeng
et al.. 1995 - random effects model only). However. in four comparisons in three
studies, the results of meta- and mega-analysis did not agree (Clarke & Godwin.
1997 - both comparisons; Stewart & Parmar. 1993b; Jeng et al.. 1995 - fixed
effects model). Thus, it is difficult to draw any firm conclusions about the degree
of concordance between the rnethods. However, other studies have been
performed which have indirectly compared the results of meta- and mega-

analysis.
1.2.2

Indirect Cornparisons of the Results of Meta- and Mega-Analysis

Warde and Payne (1992) conducted a meta-analysis of eleven RCTs (191 1
patients) which evaluated the use of combined thoracic radiotherapy and
chemotherapy compared to chemotherapy alone for the treatment of limited
stage small-ceIl lung cancer. However, the measures of effect which were used
in the individual trials were different. Al1 eleven studies had primary outcornes of
two year survival rates, however, nine studies had secondary outcornes of local
control at two years, and nine studies investigated death due to adverse effects
of treatment.
Pignon and Arriagada (1992). and Pignon et al. (1992) conducted a megaanalysis of 13 similar trials (2103 patients). 10 of these were used in the metaanalysis of Warde and Payne (1992). The mega-analysis had a primary
outcome of survival at three years. The meta- and mega-analysis are compared
here with respect to the common outcornes of survival rates and risk of death.

One trial (Carlson et. al. 1991) included in the meta-analysis (Warde & Payne.
1992) was excluded from the mega-analysis (Pignon & Arriagada. 1992b)
because the investigators concluded that the treatment which was utilized
differed considerably frorn that used in other trials. (This difference was in the
radiotherapy regimen, which was prophylactic cranial irradiation. as compared to
thoracic radiotherapy as in the other trials.] Two other studies, not included in
the meta-analysis of Warde and Payne but included in the rnega-analysis of
Pignon and Arriagada. were available only in abstract forrn and not as full journal
articles. These abstracts may not have contained sufficient data for inclusion of
the studies in the meta-analysis. One study. available as an abstract, however
was included (Creech. Richter & Finkelstein. 1987 as cited in Warde 8 Payne.

1992 and Pignon 8 Arriagada. l992b).

Despite the differences in the trials which were evaluated and the outcome
variables which were used. the MOmethods of analyses yielded similar results.
An observed difference in survival rates between the two treatments of 5.4%
(95% CI: 1.1%-9.7%) at two years (meta-analysis) and 5.4t1.4% (mean I
standard deviation) at three years (mega-analysis) favoured the combined
chemotherapy and radiotherapy treatment over chernotherapy alone. The odds
and a relative risk of
ratio of death (meta-analysis) was 0.65 (95% CI: 0.57-0.77)
death (mega-analysis) was 0.86 (95% CI: 0.78-0.94) favouring combined
chemotherapy and radiotherapy treatment over that of chemotherapy alone.

Both the meta- and mega-analyses concluded that a statistically significant
benefit in favour of the combined chemotherapy and radiotherapy regimen was
present. However. the confidence interval reported in the mega-analysis was
slightly narrower than that reported in the meta-analysis. This may reflect the
inclusion of data for 198 additional patients.

Marino and colleagues (1995) conducted a meta-analysis of 14 RCTs (1887
patients) of radiotherapy alone versus radiotherapy plus chemotherapy for the
treatment of non-small cell stage llla and lllb lung cancer. The Non-Small Cell
Lung Cancer Collaborative Group (Anonymous. 1995a) performed a megaanalysis of chemotherapy in non-small cell lung cancer (al1 stages). which
stratified the results according to treatment regimens: surgery versus surgery
plus chemotherapy. radical radiotherapy versus radical radiotherapy plus
chernotherapy, and supportive care versus supportive care plus chemotherapy.
The group of 22 trials comparing radical radiotherapy versus radical radiotherapy
plus chemotherapy consisted of data from 3033 patients.

Marino and colleagues (1 995) presented odds ratios of death at one and two

year follow-up periods. which were stratified according to the use of cisplatin or
non-cisplatin based chemotherapy regimens, whereas the Non-Small Cell Lung
Cancer Collaborative Group (Anonymous. 1995a) presented hazard ratios at two
and five year follow-up periods for long-terrn alkylating agents and other
regirnens. vinca alkaloids or etoposide. and cisplatin-based chemotherapy. The
results presented here are for the cisplatin-based chemotherapy comparison at
the two year follow-up period. This further limits the data to 10 trials (1410
patients) for inclusion into the meta-analysis and 1 1 trials (1780 patients) for the
mega-analysis .

In the meta-analysis of Marino and colleagues (1995). the pooled odds ratio of
death for cisplatin based chemotherapy plus radiotherapy versus radiotherapy
alone at two years was 0.70 (95% CI: 0.5-0.9) indicattng a 30% reduction in
rnortality in favour of the combined regimen. The Non-Small Cell Lung Cancer
Collaborative Group (Anonymous. 1995a) reported a WO year hazard ratio of
0.87 (p=0.005. 95% CI approximately 0.78-0.96). This indicated a 13%
reduction in the relative risk of death and an absolute risk reduction of 4% (95%
CI: 1-7%) in favour of the combined therapy over radiotherapy alone.

As with other studies that compared the results of meta- and mega-analysis.
these studies of non-small cell lung cancer have methodological deficiencies.
Again. the most substantial criticism is that the same set of trial results were not
examined using the two methods. However, both analyses suggested that a
statistically significant benefit in survival in favour of the combined therapy over
radiotherapy alone existed. The meta-analysis considered 10 trials with 1410
patients. while there were 11 trials and 1780 patients in the mega-analysis. It is
possible that the narrower confidence interval of the mega-analysis and the trend
in the estirnate of the odds ratio toward one is a consequence of increased
statistical power.

Of these two indirect cornparisons of the results of meta- and mega-analysis.
both studies found agreement between the two alternative methods. That is. the
clinical interpretation of the results of meta- and mega-analysis were the same.
1.2.3

Summary of the Comparisons of the Results of Meta- and MegaAnalysis

To my knowledge eight studies (five published and three unpublished) have
been performed which compare the results obtained by meta- and megaanalysis. I also have knowledge of one additional comparison which is in
progress and the results are not yet available.

Serious methodological deficiencies exists in five of the eight studies. These five
studies suffer from the fatal flaw of evaluating different studies for each analytical
method. However, the other studies by Fortin et al. (1995). Clarke and Godwin

(1997). and Malthaner (1998)were performed and reported according to
accepted rnethodologic standards. Each of these investigators ensured the
comparability of results by limiting the analysis to the same studies. either for the
primary cornparison or in sensitivity analysis. This was done by removing the
individual patient data from the mega-analysis for the studies that were not
included in the meta-analysis. and removing the trials from the meta-analyses for
which individual patient data were not available. This is an appropriate method
to evaluate any potential differences in the results of meta- and mega-analysis.
Frorn the results above. it was demonstrated that the summary estimate of effect
(odds ratios. relative risks. and hazard ratios) tended toward the nuIl value of one
in the analysis which was based on the larger number of patients. The following
table clearly demonstrates this trend.

Study Identifier

Outcome

Number of Studies
(Meta- versus MegaAnalysis)

Number of Patients
(Meta- versus MegaAnalysis)

Jeng et al., 1995

Relative Iive-birth ratio
(random effects)

4 versus 8

202 versus 379

Warde & Payne,
1992 8 Pignon et al.,
1992

Odds ratio of death

11 versus 13

1911 versus 2103

Marino et al , 1995 &
Non-Small Cell Lung
Cancer Collaborative
Group, 1995a

Odds ratio of dealh

1

Meta-Analysis
OR (95% CI)

Results
Agree
(YeslNo)

1 38
(O 89-1 87)

1.12
(0.97-1.31)

Yes

O 65

0.86
(0.78- 0.94)4

(O 57-0 77)'

1 This is the regression coefficient
2 This is the hazard ratio
3 This is the odds ratio of death at two years
4 This is relative risk of deaih at lhree years

10 versus 11

1

Mega-Analysis
OR (95% Cl)

Yes

- - - - -

-A

-

.

As we see from Table 1 and Figure 1. eight comparisons in six studies indicated
that the results of rneta- and mega-analysis agree (Fortin et al., 1995 - both
outcomes: Malthaner. 1998 - both comparisons: D'Amico & Liberati, 1997; Jeng
et al.. 1995 - random effects model; Warde 8 Payne. 1992 and Pignon et al.
1992; Marino et al.. 1995 and Non-Small Cell Lung Cancer Collaborative Group
[Anonymous, 1995aj). However. one of these comparisons used a random
effects model for the meta-analysis which produces wider confidence intervals
about the estimate of effect than would be expected if a fixed effects model was
utilized. The fixed effects model of the same outcome did not show agreement
between the results of the meta- and mega-analysis (Jeng et al.. 1995). ln four
other comparisons (in three studies). the results of meta- and mega-analysis did
not agree (Clarke & Godwin. 1997 - both comparisons; Stewart 8 Parrnar.
1993b; Jeng et al., 1995 - fixed effects model).

The three most methodologically sound studies did not produce the same
conclusions. Clarke and Godwin (1997) demonstrated that the results of metaand mega-analysis did not agree. when limiting the data to the same five trials
(over 1100 patients). Fortin et al. (1995) found that when limiting the data to the
sarne nine trials (over 270 patients). the results of meta- and mega- analysis
were in agreement. Malthaner (1998) demonstrated when meta- and megaanalysis are performed using the same three trials (over 180 patients). the
results were nearly identical. Thus. it is not possible to draw any definite
conclusions on the superiority of meta- or mega-analysis based on the
comparisons performed to date. Therefore. further research is needed to
compare the results obtained by both meta- and rnega-analysis. An essential
criterion for future studies is the inclusion of the same trials and patients.

This study attempts to answer these questions by comparing the results of metaand mega-analysis, using the sarne three studies of budesonide for maintenance
of remission in Crohn's disease.

Chapter 2 - Literature Review

2.1

Crohn's Disease

2.1.1

Epidemiology

Crohn's disease is a chronic inflarnmatory disease of the gastrointestinal tract
which usually appears between 15 and 35 years of age. The incidence of
Crohn's disease in Canada is among the highest in the world. and is increasing
(Crohn's and Colitis Foundation of Canada, 1996). The prevalence of Crohn's
disease is also increasing. particularly for women living in urban areas
(Pinchbeck, Kirdeikis & Thomson. 1988;Thomson. 1993). Internationally. the
incidence of inflammatory bowel disease is estimated to be 6 to 20 per IO5
population per year, with a prevalence of 90 to 300 per IO5 population
(Mendeloff. 1980;Thomson. 1993).

Analysis of hospital discharge rates also support an increase in the incidence
and prevalence of Crohn's disease. In Canada. from 1971 to 1986.the agestandardized hospital discharge rate increased by 148% for males and by 192%
for females (Riley. 1990:Thomson, 1993). In 1986.the discharge rate for
Canadian females was 48% higher than that of Canadian males (Riley. 1990:
Thomson. 1993). The discharge rate was highest in the 20-24 age group for
both sexes (Riley. 1990:Thomson, 1993). Discharge rates were higher in
Alberta. Nova Scotia, Newfoundland, Saskatchewan and British Columbia than
in Ontario or Quebec (Riley. 1990;Thomson, 1993).

2.1.2

Etiology

Epidemiological studies suggest that the causes of infiammatory bowel disease
(including Crohn's disease and ulcerative colitis) includes both environmental

and genetic factors (Thomson. 1993). The latter are particularly relevant.

Approximately 10-20% of persons with Crohn's disease have a first degree
relative with some form of inflammatory bowel disease (Crohn's disease or
ulcerative colitis) (National Institutes of Health. 1996). This association tends to
be stronger in the daughters and sisters of the index female patient (Pinchbeck
et al.. 1988; Thomson. 1993). There is a higher risk of a child developing
inflammatory bowel disease if both parents developed the disease prior to the
child's conception (Bennett. Rubin & Present. 1991: Thomson. 1993).
In addition to the increased incidence in other first degree relatives. studies of
monozygotic and dizygotic twins have been performed. A higher rate of
(Crohn's) disease concordance has been found among monozygotic twins as
compared to dizygotic twins (Tysk. Lindberg. Jarnerot 8 Foderus-Myrhed. 1988:
Thomson. 1993). The concordance rate among monozygotic twins was 58.3%
for Crohn's disease (Tysk et al.. 1988; Thomson. 1993).

Ashkenazi Jews also have an increased risk of Crohn's disease, which provides
further support for the importance of a genetic component (Bennett et al.. 1991:
Podolsky, 1991a).

Many environmental factors have been implicated in the pathogenesis of the
disease. These include microbes. tobacco consumption. drugs. and diet
(Thomson. 1993). Time-space clustering studies do not support a causal role for
an infectious agent (Miller. Keighley. Smith, Hughes & Langman. 1975. 1976;
Thomson. 1993). However. some studies show that persons with Crohn's
disease were breast-fed for shorter time periods than is usual for the population
at large (Bergstrand & Hellers, 1983; Whorwell. Holdstock, Whowell & Wright.
1979; Koletzko. Sherman, Corey. GrifTiths & Smith, 1989; Thomson. 1993). This
is consistent with the hypothesis that a perinatal exposure to infection

predisposes people to develop the disease. However, the most well-established
environmental risk factor is cigarette smoking (odds ratio of 2.0 and 95% CI:
1.65-2.47). The positive association between smoking and Crohn's disease is
dose-related (Calkins. 1989; Franceschi. Panza. LaVecchia, Parauini. Decarli &
Bianchi Porro, 1987; Thomson. 1993). An increased consumption of refined
carbohydrates. and the use of oral contraceptive agents have also been linked to
inflammatory bowel disease (Calkins. 1989: Mayberry et al.. 1981: Martini &
Brandes. 1976: Vessey, Jewell. Smith. Yeates & McPherson. 1986: Godet. May

& Sutherland. 1995; Logan & Kay. 1989: Lesko et al.. 1985; Thomson. 1993).
2.1.3

Clinical Features of the Disease

Crohn's disease can develop in any part of the gut (digestive tract) from the
mouth to the anus. The inflammatory process is chronic and involves al1 layers
of the intestinal wall (Thompson. 1993). Crohn's disease usually occurs in
discrete segments of the bowel. in distinction to the contiguous inflammation
which characterizes ulcerative colitis. another idiopathic inflammatory intestinal
disease (Thompson, 1993).

The chronic inflammatory process causes the bowel wall to become inflamed.
ulcerated. edematous and rigid. Ultimately, scar tissue forms which results in
thickening of the bowel wall and narrowing of the lumen. These processes
cause such signs and symptoms as abdominal pain. diarrhoea. vorniting,
malnutrition. anemia, dehydration, infection. and intestinal obstruction (Thomas.
1993). Perçons with Crohn's disease may be undenveight and malnourished.
The natural history of the disease usually consists of sporadic attacks which last
months at a time. interspersed behiveen periods of remission. However.
approximately 20% of patients demonstrate chronically active disease.

2.1.4

Outcomes in Crohn's Disease

Several outcornes are important to both the patient and the physician.
Toxic megacolon is one of the most serious. however rare. complications of
inflammatory bowel disease (Podolsky. 1991b). This is an acute dilatation of the
colon which may occur during acute attacks of the disease and may progress to
perforation of the colon (Thomas. 1993).
Bowel perforation occurs in approximately 2% of perçons with Crohn's disease
(Greenstein. Sachar. Mann. Lachman. Heimann & Aufses, 1987: Greenstein.
Mann, Sachar & Aufses 1987; Greenstein et al.. 1988; Podolsky, 1991b).

Patients with Crohn's disease may develop fistula which are communications
between the bowel and other organs, such as the bladder. vagina. urethra.
prostate gland. and the skin (Podolsky, 1991b; Thomas. 1993). Fistulae are
common in Crohn's disease and may cause malabsorption and malnutrition.
Intraintestinal abscesses and sepsis may also develop (Podolsky. 1991b).
Extraintestinal manifestations of Crohn's disease may occur. Some of the more
common of these are axial and oligoarticular arthritis. sclerosing cholangitis.
uveitis and iritis. and etythema nodosum (Podolsky. 1991b; Thomas. 1993).
Other complications include gallstones. kidney stones. thromboembolic disease.
clubbing of the fingers and toes. and nutritional deficiencies (Gravallese 8
Kantrowitz. 1988; Podolsky. 1991b).

An increased risk of colorectal cancer exists in patients with Crohn's disease.
Persons with disease limited to the terminal ileum do not have an excess risk of
colorectal cancer (standarized incidence ratio [SIR] of 1.0. 95% CI: 0.1-3.4)

compared to those with disease limited to the terminal ileum and part of the
colon (SIR of 3.2. 95% CI: 0.7-9.2). and those with disease limited to the colon
(SIR of 5.6,95% CI: 2.1-12.2) (Ekbom. Helmick. Zack & Adami. 1990). Patients
in whom the disease was diagnosed before age 30 with any colonic involvement
have a SIR of colorectal cancer of 9.5 (95% CI: 3.1-23.2). as compared to those
diagnosed later in life (SIR of 1.6. 95% CI: 0.6-3.3) (Ekbom et al.. 1990).

Patients with Crohn's disease limited to the small intestine may have an
increased risk of adenocarcinorna of the small intestine and cholangiocarcinoma
(cancer of the bile duct) (Collier. Turowski & Diamond. 1985: Hawker. Gyde.
Thompson & Allan. 1982; Podolsky, 1991b). Although these tumours are rare.
the prognosis is poor: approximately 72% of patients die within 8 months of the
diagnosis (Hawker et al.. 1982: Podolsky, 1991b).

Thus. in addition to the symptoms of the disease itself, complications of Crohn's
disease may influence prognosis and cause negative effects on patients quality
of life.

Effects on Social Fvnction and Quality of Life

Quality of life generally reflects employment status, income, housing, material
possessions, environment. working conditions and the availability of public
services (Friedman et al.. 1996). On the other hand. health-related quality of life
is specifically defined by an individual's physical, psychological. emotional and
social function as well as overall life satisfaction. well-being and perception of
health status. Neuropsychologicalfunction. personal productivity, intimacy and
sexual function. sleep disturbance, pain. and symptoms may also influence
health-related quality of life.

Because Crohn's disease usually appears early in life, rnany patients are
concerned about their future education. work. and relationships. The possible
need for an ostomy. and the uncertain prognosis associated with the disease are
important concerns (Kumar 8 Alexander-Williams, 1993: Thompson. 1993). As
well. medical and surgical therapies can have many unwanted side effects which
affect both physical and emotional function. For these reasons. assessrnent of
health-related quality of life is an important tool for monitoring the impact of the
disease on the lives of patients.

Sorenson. Olsen. and Binder (1987) compared the quality of life of persons with
Crohn's disease to that of a control group. The latter consisted of age- and sexmatched. previously healthy individuals who were admitted to hospitals for the
treatment of acute diseases of less than 28 days' duration (Sorenson et al..

1987). The study showed that: there was no difference in marital status or in the
likelihood of becoming parents among those with the disease. although the
number of children was slightly lower among Crohn's disease patients. The
occurrence of familial and sexual problems did not differ between the two
groups. There was no difference in physical or social function or the use of
sedatives. alcohol or tobacco. Although employment status was similar. Crohn's
disease patients had a slightly higher level of socioeconomic status. More
patients with Crohn's disease tended to stay in the same job for more than four
years. The number of days of sick leave did not differ, but patients with Crohn's
disease felt that exacerbations of the disease strained their professional and
personal life and had caused a decreased capacity for work and leisure
activities.

Based on the results of this study, it appears that most patients learn to live with
the disease and lead active and full lives. However, the recent development of
health-related quality of life measurement tools have clearly demonstrated that
patients with active disease have significant impairment of their health-related

quality of life (Irvine. 1994: lrvine et al.. 1994).
2.1.6

Measurement of Health-Related Quality of Life

The lnflammatory Bowel Disease Questionnaire (IBDQ) is used in clinical studies
as a measure of patients' health-related quality of life. The IBDQ assesses
gastrointestinal and systemic symptoms. and emotional and social function
(Irvine. 1993; Irvine. 1995; Irvine. Feagan & Wong. 1996; Maunder. Cohen.
McLeod 8 Greenberg. 1995).
The IBDQ has been externally validated both in its interviewer and selfadministered forms (Irvine et al., 1994; lrvine et al.. 1996). The interviewer and
self-administered questionnaires contain 32 or 36 items. respectively. which are
rated on a 7 point Likert scale (Irvine, 1993; Irvine, 1995: Maunder et al.. 1995).
The interviewer-adrninistered IBDQ scores range from 32-224: lower scores
denote a poor health-related quality of life whereas higher scores portray a
normal health-related quality of life (Irvine et al.. 1994).
A change in the IBDQ score of more than 15-20 points is considered clinically
rneaningful (Iwine et al.. 1994: Irvine et al.. 1996: Feagan. McDonald & Koval
1996).
2.1 -7

Measurement of Disease Activity

Although many measurement scales are used to assess disease severity in
patients with Crohn's disease. the Crohn's Disease Activity Index (CDAI) is the
most commonly used instrument. The CDAI is a continuous outcome variable in
which higher scores represent greater disease activity.

The CDAI is based on the patient's symptoms: number of liquid or soft stools.
extent of abdominal pain. general well-being. occurrence of extra-intestinal
symptoms (such as arthritis or arthralgia. skin or mouth lesions. iritis or uveitis.
anal fissure, fistula or perianal abscess or other bowel-related fistula. or fever
exceeding 100 F), need for anti-diarrhoeal drugs. presence of an abdominal
mass, hematocrit, and body weight (Best. Becktel. Singleton & Kern. 1976;
Greenberg et al., 1994: Greenberg et al.. 1996). Although primarily used as an
evaluative irstrument. the CDAI can also be used to classify patients into
subcategories of disease activity: remission (CDAI 150). mild (CDAI of 151-199).
moderate (CDAI of 200-399). or severe (CDAI 400). CDAl scores range from O
to approximately 600 (Feagan et al., 1996).
This scale is often used as a measure of outcome in clinical studies. A CDAI
increase of 60 points or more is considered to be a minimum clinically important
change in disease activity.

2.1.8

Treatment

There are two primary means of treating the syrnptoms of Crohn's disease:
surgery and drug therapy. The main goals of therapy are to induce remission.
treat complications, and to maintain remission (symptom-free periods)
(Greenberger & Miner. 1994). The minimization of drug toxicity and the
improvement of quality of life are also important objectives (Irvine et al.. 1994).
2.1.8.1

Surgical Therapy

In some patients with Crohn's disease symptoms may persist despite maximal
medical therapy. Alternatively severe narrowing or blockage of the lumen of the
bowel may occur. In these instances surgery may be necessary. Resection of
the involved segment of the bowel is usually performed. Because a patient

experiences several exacerbations of the disease over a lifetime. multiple
surgeries may be required. Hence, it Is common practice for most surgeons to
remove the minimum amount of the intestine which is necessary to alleviate the
patients' symptoms. (See Kumar & Alexander-Williams. 1993: Thompson. 1993
for surgical details.)
If a large amount of the small intestine is removed the patient is placed at risk for
malnutrition since a large surface area is necessary for the proper absorption of
nutrients. Total parenteral nutrition (TPN - which provides al1 nutrient
requirements by intravenous infusion) rnay be necessary in sorne patients who
have had multiple surgeries. The chronic use of TPN is associated with
important morbidity from infections and liver disease.
For these reasons. surgery is avoided unless absolutely necessary. Medical
therapy is the preferred strategy for the treatment of Crohn's disease.
Medical Therapy

Drugs such as immunosuppressives. corticosteroids. and antibiotics are given to
reduce inflammation during acute attacks (or relapses) of the disease. and to
bring patients into remission.
Although corticosteroids (such as hydrocortisone. prednisone. and prednisolone)
are highly effective for the induction of remission. their use is associated with
unpleasant and potentially dangerous side effects. The most common adverse
reactions to corticosteroids include mood changes, atrophy of connective
tissues, suppression of the hypothalamic-pituitary adrenal axis. hypertension.
and Cushing's syndrome. Cushing's syndrome rnay include any of the following:
protein loss, adiposity, fatigue, weakness, osteoporosis. amenorrhea, impotence,
capillary fragility, edema, excess hair growth. diabetes mellitus. skin

discoloration. and purplish stfiae of skin (Spencer & McTavish. 1995). Hirsutism
(excessive hair growth). dyspepsia (indigestion). nausea. moon face. abnormal
distribution of body fat (sometimes referred to as buffalo hump). and acne are
the most common side effects of the use of corticosteroids (Spencer &
McTavish, 1995).
Despite these adverse reactions. corticosteroids are usually the first-line therapy
f ~ Crohn's
r
disease since they are 70-80% effective for the induction of
remission. Several clinical trials of corticosteroids for maintenance of remission
exist, however. the results are inconclusive.
Budesonide is a new corticosteroid for the treatrnent of Crohn's disease which
has improved tolerability compared to other corticosteroids. Thus. budesonide
holds the possibility that chronic corticosteroid therapy can be administered with

a low incidence of adverse events (Spencer & McTavish, 1995: Thompson,
1993).
Oral Budesonide
The ideal corticosteroid for the treatment of Crohn's disease should possess high

anti-inflammatory activity in the area of the bowel which is inflamed but not cause
systemic steroid side effects (Sachar. 1994: Spencer 8 McTavish. 1995).
Oral budesonide (Entocort CIRB. Astra Draco AB. Lund. Sweden) has been
designed to deliver the drug to the terminal ileum (small intestine) and proximal
colon (large intestine). The oral budesonide tablet has two delayed-release
coatings, ethylcellulose and an acrylic-based resin (Eudragrit LI 00-55Q) which
aid in the delivery of the drug to inflamed regions of the bowel (Sachar, 1994).
Following absorption, budesonide undergoes rapid metabolisrn in the liver to
inactive rnetabolites. The rnetabolites of budesonide have little or no

corticosteroid effects (Spencer & McTavish. 1995).
The daily dosage of oral budesonide is 3. 6 . 9. or 15 mglday, depending on
whether it is used for the treatment of an acute exacerbation of the disease
(higher dosages) or for the maintenance of remission (lower dosages). In dose
finding studies. the optimal dose of oral budesonide for the treatment of active
disease was found to be 9 mg/day (Greenberg et al.. 1994; Rutgeerts et al..
1994; Campieri et al.. 1997).

2.1.8.2.2

Studies of Oral Budesonide for the Induction of Remission in Active
Crohn's Disease

Three studies have assessed the efficacy of oral controlled ileal-release
budesonide in active Crohn's disease (Greenberg et al.. 1994; Rutgeerts et al..
1994; Campieri et al.. 1997). Other studies have assessed oral pH-modified
budesonide in active Crohn's disease, but these are not discussed here since
the drug is different from the controlled ileal release formulation (Gross et al..
1996; Caesar et al., 1997; Bar-Meir et al.. 1998).
Greenberg and colleagues (1994) conducted a randomized multi-centre doubleblind placebo-controlled trial of budesonide 3. 9 or 15 mglday for eight weeks in

258 Canadian patients with active Crohn's disease. Patients in the budesonide
9 mg/day and 15 mg/day groups had the dose reduced to 6 mg/day for two
additional weeks. while patients in the 3 mglday group received placebo during
this period.
One hundred and nineteen patients did not cornplete the study. Of these 96
were withdrawn due to lack of a therapeutic benefit. Significantly fewer patients

(28%) were withdrawn in the budesonide 15 mglday group as compared to the
other groups (26% who received 9 mglday. 45% who received 3 mglday and

48% who received placebo) (p=0.014). Thirteen patients were withdrawn due
adverse events. and 10 patients were withdrawn because of noncompliance. No
patients were lost to follow-up.
At eight weeks. 51% (95% CI: 39-63%) of patients in the budesonide 9 mglday
group were in remission as compared to 43% (95% CI: 31-55%) of patients in
the 15 mglday group. 33% (95% CI: 2144°/~)of patients in the 3 mglday group.
and 2O0I0(95%CI: 10-29%) of patients in the placebo group. The rate of
remission was significantly different from the placebo group for the 15 rnglday
and 9 rnglday groups (p=0.009 and pc0.001, respectively). The remission rate
for the 3 mglday group was not significantly different from that of the placebo
group (p=0.13). The 9 rngfday group was significantly different from the 3
mglday group (p=0.03) but not from the 15 mglday group (p=0.70). Subgroup
analyses showed no effects of gender. disease severity. location of disease.
prior resection of diseased tissue. prior corticosteroid therapy. or smoking status
on the effÏcacy of treatment.

Similar results were obtained for the analyses of change in the mean Crohn's
Disease Activity Index (CDAI) and the lnflammatory Bowel Disease
Questionnaire (IBDQ) scores. The mean decrease in the CDAl after eight weeks
of treatment was 121 points (range of -124 to 284) in the 9 mgfday group. 63
points (range of -183 to 288) in the 3 mg/day group, and 21 points (range of -184
to 275) in the placebo group. The mean decrease for the 15 mglday group was
approximately 75 points [as extrapolated from Figure 2 of the manuscript]. The 9
mglday group showed a statistically significantly improvement in mean CDAl
compared to the placebo group (p4.001). as was the cornparison of 3 mglday
and placebo (p=0.02). The IBDQ scores in patients receiving budesonide 9
mglday or 15 mg/day improved significantly as compared to placebo (p<0.001.
p=0.012 respectively). Patients receiving 9 mgiday of budesonide had a greater
improvement in quality of life than those receiving 15 mglday (p=0.034).
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There were 744 adverse events reported in 215 of 248 patients. Adverse events
were reported in 88% of patients in the 15 mglday group. 90% of patients in the

9 mglday group. 81% of patients in the 3 mgfday group. and 76% of patients in
the placebo group. These differences were not significant. Only 122 of these
744 adverse events were possibly related to corticosteroids. The overall

proportion of patients experiencing corticosteroid-related adverse events was not
statistically different among the treatrnent groups (38% - 15 mglday. 26% - 9
rnglday, 15% - 3 mglday. and 26% - placebo). Moon face was significantly more
common in patients treated with budesonide (7%) than those treated with
placebo (2%) (p=0 -00
1). The distribution of other corticosteroid-related adverse
events among the budesonide and placebo groups was similar.

Greenberg and colleagues (1994) concluded that budesonide was a well
tolerated and effective treatrnent for active Crohn's disease of the ileum and
proximal colon. The optimal dose of budesonide was found to be 9 mglday.

Rutgeerts and others (1994) performed a randomized multi-centre double-blind
trial in 176 European patients with Crohn's disease. These patients were
allocated to receive either 9 mglday of budesonide for eight weeks followed by 6
mglday for an additional two weeks, or prednisolone 40 mglday for two weeks
followed by tapering over the next 8 weeks.

Thirty-one patients were withdrawn frorn the study prematurely. Fourteen
patients receiving budesonide and 9 patients receiving prednisolone were
withdrawn due to a lack of therapeutic effect.

After ten weeks. 53% of patients receiving budesonide and 66% receiving
prednisolone were in remission (p=0.12).

The mean CDAl score decreased from 275 to 175 over the 10 weeks of
treatment with budesonide. and from 279 to 136 in the prednisolone group
(p=0.001). [The IBDQ was not measured in this study.]
Thirty-five patients experienced corticosteroid-related adverse events in the
budesonide group. compared to 86 in the prednisolone group. Twenty-nine
patients (33%) and 48 patients (55%) experienced more than one corticosteroidrelated adverse event in the budesonide and prednisolone groups, respectively
(p=0.003).
Rutgeerts and colleagues (1994) concluded that budesonide and prednisolone
were equally effective in inducing remission in Crohn's disease based on the
primary comparison of remission rates. The CDAl decreased more in the
prednisolone group. however. there were fewer corticosteroid-related side effects
and less suppression of the pituitary-adrenal axis in the budesonide group.
Campieri and others (1997) performed a randomized multi-centre double-blind
trial which compared once daily budesonide dosing to twice daily budesonide
dosing and prednisolone. The study lasted 12 weeks and included 178
European and Australian patients with active Crohn's disease. Patients were
assigned to receive either budesonide 9 mg once a day or 4.5 mg twice daily
with reducticn to 3 mglday during the last two weeks. or prednisolone 40 mglday
with gradua1 tapering to 5 mglday during the last week.
Of the 178 patients randomized. 177 patients received the study drug. Thirty-six
patients discontinued therapy prematurely. Approximately 15% of treatment
withdrawals were due to disease deterioration or no irnprovement (therapeutic
failure): 16% of those who received budesonide once a day. 16% who received
budesonide twice a day. and 12% who received prednisolone were considered
treatment failures (p=0.78).

The remission rate in the budesonide once a day group was 60%. 42% in the

budesonide twice a day group. and 60% in the prednisolone group (p=0.062)
after 8 weeks of treatment.
At entry. the mean CDAl scores were 277 for the budesonide once a day group.
274 for budesonide twice a day. and 279 for the prednisolone group. At 12
weeks. the mean CDAl scores were approximately 134 in the budesonide once
daily and prednisolone groups. and 167 in the budesonide twice a day group
(extrapolated from Figure 2 in the manuscript).
Adverse events affected 78% of patients in the budesonide once a day group.
90% in the budesonide twice a day group. and 90% in the prednisolone group.

Of these adverse events. 18 occurred in 17 patients. of which 10 discontinued
therapy. These adverse events were primarily disease deterioration or
complications of Crohn's disease. Corticosteroid-related adverse events
occurred in 50% of the patients who received the budesonide once a day. 44%
who received budesonide ONice a day, and 59% who received prednisolone.
Among these, moon face was almost three times more common in the

prednisolone group (22 patients) compared to the budesonide groups (8 in the
budesonide once a day group and 7 in the budesonide twice a day group)
(p<0.001). The three groups also differed significantly with respect to other
corticosteroid-related adverse events (p=0.010).

Campieri and colleagues (1997) concluded that budesonide in either dosage
regimen was similar in efficacy to prednisolone for induction of remission in
Crohn's disease but was better tolerated.
Taken together, these three trials show that budesonide is more effective than a
placebo and is similar in efficacy to prednisolone for the induction of remission in
patients with active Crohn's disease. Budesonide has a significant therapeutic

advantage over prednisolone in selected patients with terminal ileal and rightsided colonic disease since fewer corticosteroid-related adverse events occur
than are observed in patients treated with standard corticosteroid therapy.
2.1.8.2.3

Studies of Oral Budesonide for the Maintenance of Remission

Three studies have evaluated oral controlled ileal-release budesonide for the
maintenance of remission in patients with quiescent Crohn's disease (Greenberg
et al.. 1996; Lofberg et al.. 1996; Ferguson et al.. in press). All three studies
were randomized multi-centre double-blind placebo-controlled trials. These trials
evaluated oral budesonide 3 or 6 mglday for one year. and were analyzed using
the intention to treat principle.
In the Canadian study of Greenberg and colleagues (1996). 74 of the 105
patients who were randomized did not complete the study: 63 were withdrawn for
lack of therapeutic benefit - 58% in the 6 mglday group. 58% in the 3 mg/day
group. and 64% in the placebo group. Six patients were withdrawn due to
adverse events causing discontinuation of treatment - three patients (4.3%) who
received budesonide and three patients (8.3%) who received placebo. Of these.
five patients were withdrawn due to increased disease activity. Two patients
were lost to follow-up.
The median time to relapse or discontinuation of therapy in the 6 mglday group
was 178 days. 124 days in the 3 mg/day group. and 39 days in the placebo
group (p=0.027). At one year, the relapse rates tended to converge: 61% of
patients in the 6 mglday group. 70% in the 3 mg/day group, and 67% in the
placebo group (p=0.75) experienced a relapse during the period of follow-up.
The risk of relapse was not affected by gender. biochemical markers. location of
disease, or prior surgical resection.

The analyses of change in the mean CDAl and IBDQ scores were consistent
with this observation. At entry. the CDAl scores were 102136 (mean r standard
deviation) in the 6 mglday group. 96240 in the 3 mglday group. and 115k40 in
the placebo group. At 12 months. the CDAl scores were l 8 2 r l 2 8 , îO9tIO6. and
21011 19 in the 6 mglday. 3 rng/day and placebo groups. respectively. The IBDQ
scores at entry were 184124 in the 6 mglday group. 185t21 in the 3 mglday
group. and 181119 in the placebo group. At 12 months. the IBDQ scores were
161136. 156139. and 150138 in the 6 rnglday. 3 mglday and placebo groups.
respectively.

In the 6 mglday group. 78% of patients reported adverse events. as compared to
70% in the 3 mglday group. and 89% in the placebo group. Of the 200 adverse
events reported. only 37 were classified as corticosteroid-related. The 6 mglday
group tended to have a higher. but not significantly different proportion of
corticosteroid-related adverse events (12 patients) as compared to the 3 mg/day
group (8 patients) and the placebo group (4 patients) (p=0.40). The number of
corticosteroid-related adverse events in each group decreased throughout the
study. The most common corticosteroid-related adverse event was easy bruising
(10 patients who received budesonide as compared to 2 patients who received
placebo). Acne, ankle edema. hirsutism. moon face and buffalo hump were
uncommon and occurred with a similar frequency in each treatment group. A
comparison of hematologic and biochemical markers did not show any
differences in adverse events (frequency or severity) between the treatment
groups.

These authors concluded that budesonide was well tolerated and prolonged
remission in Crohn's disease. However, this effect was not sustained at the 12
month follow-up. Greenberg and colleagues (1996) offered the relatively small
sample size and lack of statistical power as possible explanations for the failure
of the study drug to show a benefit at the end of the follow-up period. The

authors also suggested that budesonide 6 mglday may not be an adequate dose
to maintain remission over the long-term. Other researchers have suggesteci
that the dosages used to maintain remission may need to be similar to those
used for induction of remission (budesonide 9 mglday) (Greenberger & Miner.

1994).
In another trial. Lofberg and colleagues (1996) studied 90 European patients with
Crohn's disease. Only 30 patients completed the study: most of these were
prematurely withdrawn due to therapeutic failure. This occurred in 15 patients
(47%) in the 6 mglday group. 21 patients (68%) in the 3 mglday group. and 17

patients (63%) in the placebo group (p=0.22). Two patients were withdrawn due
to adverse events - constipation (1 patient who received placebo) and pregnancy
(1 patient who received placebo). Five patients were withdrawn for other
reasons (3 who received 6 mglday. 1 who received 3 mglday and 1 who received
placebo); 4 of whom withdrew their informed consent and subsequently were
withdrawn. Another patient desired to become pregnant. and was withdrawn.

The median time to relapse or discontinuation of therapy was 258 days in the 6
mglday group, 139 days in the 3 mglday group. and 92 days in the placebo
group (p=0.021). At 12 months. the relapse rates were 59% in the 6 mglday
group, 74% in the 3 mglday group, and 63% in the placebo group (p=0.44).
The mean CDAl scores at the baseline visit were 88247 (mean + standard
deviation) in the 6 mglday group. 104535 in the 3 mglday group, and 107+60 in
the placebo group. At 12 months, the mean CDAl scores were 102+63 in 6
mglday group. 105t70 in the 3 rng/day group. and 87130 in the placebo group.
The IBDQ was not assessed in this study.

Adverse events data were presented only as plots in the publications and thus
this information was supplemented with additional data from Astra Draco. Of the

patients who received budesonide 6 mglday. 72% (23f32) reported adverse
events, compared to 63% (19130) and 54% (14126) who received budesonide
3mglday and placebo. respectively. The majority of patients received a high
dose of corticosteroid prior to randomization. Therefore. the proportion of
patients experiencing corticosteroid-related adverse events decreased in each
group throughout the study (Figure 3 in the manuscript). At 12 months. 12 of 32
patients (38%) who received 6 mglday reported corticosteroid-related adverse
events compared to 6 of 30 patients (20%) who received 3 mglday and 3 of 26
patients (12%) who received placebo. The most common corticosteroid-related
adverse events were moon face (16 patients) and acne (9 patients). Four
patients who received 6 rnglday reported more than h o adverse events. as
compared to three who received 3 mglday. and two who received placebo.

Lofberg and colleagues (1996) concluded 1) that budesonide 6 mglday was
significantly more efficacious than placebo in prolonging the time to relapse or
discontinuation of therapy in Crohn's disease. and 2) chronic use of budesonide
was associated with only minor systernic side effects. However, the patients
enrolled in this study were categorized as "high risk patients" for subsequent
relapse since the induction phase of a prior study was at most 10 weeks
duration. The authors cautioned that due to the small numbers of patients in
remission at 12 months, the cornparison of these remission rates should be
considered unreliable.
Ferguson and others (in press) performed a third study which enrolled 75
European and Australian patients. Again. patients were randomly allocated to
receive budesonide 6 mglday. 3 mglday or placebo for a one year treatrnent
period. Forty patients prernaturely withdrew from the study. Therapeutic failure
occurred in 10 patients who received 6 mglday, 11 who received 3 mglday. and
14 who received placebo. Two patients who received 6 mglday. and one patient
who received 3 mglday discontinued the study medications due to the

occurrence of adverse events (1 patient who received 6 mglday was hospitalized
and diagnosed with a duodenal ulcer. 1 patient who received 6 mglday became
pregnant. and 1 patient who received 3 mglday had visual impairment). One
patient who received placebo was feeling well and subsequently stopped taking
study medications. Another patient who received 6 mgfday was noncornpliant.
These patients were withdrawn.
The rnedian time to relapse or discontinuation of therapy was 272 days in the 6

mglday group, 321 days in the 3 mglday group. and 290 days in the placebo
group (p=0.800). At 12 months the relapse rates were 48O/0 in the 6 mglday
group, 46% in the 3 mglday group. and 60% in the placebo group (p=0.953).

The mean CDAl scores increased over the study period. with a mean increase of
14 in the 6 rnglday group, 71 in the 3 mglday group. and 68 in the placebo
group. The mean CDAl scores at entry were 102, 75. and 90 respectively. The
IBDQ was not assessed in this study.

Seventeen of 22 patients (77.3%) who received budesonide 6 rnglday
experienced adverse events. compared to 17 of 25 (68.0%) who received 3
rnglday and 20 of 27 (74.1%) who received placebo. However. four patients
(18.2%) who received 6 mglday reported corticosteroid-related adverse events.

as compared to 9 who received 3 mglday (36.0%). and 4 who received placebo
(14.8%) (p=0.79).Two patients who received 6 mg/day. 1 who received 3
mglday and none who received placebo reported moon face, while 2, 5, and 2
reported acne, respectively. One patient who received 6 mglday reported the
presence of buffalo hump, 3 who received 3 mglday and 2 who received placebo
bruised easily, and 1 who received 3 mglday had swollen ankles. Two patients
who received 3 mglday reported weight gain. sweating and dyspepsia.

Ferguson and colleagues (in press) concluded that there was no difference
between the three treatrnent groups with respect to the relapse rate or time to
relapse or discontinuation of therapy throughout the 12-month study. Possible
reasons for lack of an effect were suggested as the relatively small sample size.
and the high placebo response (remission) rate.

These three studies suggest that a modest benefit of chronic therapy with oral
controlled ileal-release budesonide may be present. Specifically, Greenberg and
colleagues (1996) and Lofberg and colleagues (1996) demonstrated that
budesonide significantly prolonged the time to relapse or discontinuation of
therapy. while Ferguson and colleagues (1997) found no such evidence of
therapeutic efkacy.

2.1.9

Oral Budesonide Treatment for Crohn's Disease: Conclusion

A number of medical therapies have been identified for the treatment of active

Crohn's d isease. Of these, corticosteroids are the most effective, however.
these drugs are associated with a high incidence of adverse effects and have not
been found to maintain remission. Thus. there is a need for better therapies for
the maintenance of remission. The RCTs which have evaluated oral budesonide
for the induction of remission clearly demonstrate a beneficial effect of the drug
and a reduced incidence of corticosteroid-related adverse events in comparison
to standard therapy. However. the three maintenance of remission trials which
have been performed have yielded inconsistent results. Two studies (Greenberg
et al.. 1996; Lofberg et al.. 1996) demonstrated a modest effect of budesonide
over placebo in prolonging the duration of remission. However. Ferguson and
others (in press) did not demonstrate any significant differences between the
budesonide and placebo groups in the proportion of patients who experienced a
relapse or the length of time in remission.

Because of this. a meta-analysis of the three trials which have evaluated
budesonide for the maintenance of remission is desirable. The evaluation of
whether a therapeutic effect of budesonide for maintenance of remission exists
is an important issue. Confirmaticn that a beneficial effect of the drug exists
would encourage further research to evaluate the effect of budesonide at a
higher dose. in the presence of other CO-interventions(such as 5-aminosalicylic
acid and prednisone), or with flexible dosing schedules. These modifications in
the use of budesonide have the potential to increase therapeutic effÏcacy.6

2.2

Meta-Analysis

"The overall goal of meta-analysis is to combine the results of previous studies to
arrive at surnrnary conclusions about a body of research. It is most useful in
summarizing prior research when individual studies are too small to yield a valid
conclusion" (Petitti, 1994a).

Victor (1995) describes general circurnstances when meta-analysis may or may
not be appropriate. Meta-analysis is appropriate:
1. when tirne [or finances] do not allow a new trial.

2. for research into safety and adverse events of drugs and other therapies [it
would be unethical to do another study, particularly. if similar studies
encountered severe adverse events].

3. when there exists inconsistent results for studies of a treatment (due to srnall
sample size. inadequate statistical power. etc.).
4. for pooling contradicting studies with effects that Vary depending on the study

population [interaction]. and
5. to increase the precision of the estimate of effect.

According to Victor (1995). meta-analysis is not appropriate:
1. as a basis for drug approval and registration (it is the role of regulatory

agencies to synthesize evidence related to a particular area).

2. as an after-the-fact attempt to make non-significant results obtained in several
small studies significant. and
3. if the purpose is to "data dredge" statistical significance of the literature by
asking questions which have little or no clinical relevance.
2.2.1

Fundamental Steps in Performing Meta-Analyses

There are five essential steps in performing a meta-analysis:
1. identifying studies with relevant data,
2. defining eligibility criteria to assess which studies should be included into. or

excluded from the meta-analysis.

3. assessing the quality of each study. either to indicate inclusion of the study. or
for statistical analysis (sensitivity analyses).
4. extracting the relevant data from the studies to be included. and

5. analyzing the data statistically (Petitti, 1994a).
2.2.1.1

Study Identification

Studies may be identified by searching electronic databases. such as MedlineB.
hand searching relevant journals. reviewing reference lists of books and articles,
conference proceedings, dissertations and government reports. and contacting
specialists and manufacturers. funding agencies or societies/associations. It is
extrernely important to perform a comprehensive search so that al1 studies are
obtained. If this is not the case. publication bias can occur since positive studies
are more likely to be published than negative studies (Chalmers. Levin. Sacks.
Reitman. Berrier & Nagalingam. 1987; Collins. Gray. Godwin & Peto, 1987;
Felson, 1992). This bias. which results in overestimation of the true efficacy of a

treatment. is one of the greatest threats to the validity of meta-analysis (Dickersin

& Berlin. 1992; Bailar. 1995: Egger & Smith. 1995; Finney. 1995).
2.2.1.2

Study Eligibility

The eligibility criteria for a meta-analysis should be specified a priori and based
on clinical and statistical judgement. study design and methodology. and the
objective of the meta-analysis. It is not appropriate to set eligibility criteria after
the data from potentially eligible studies have been reviewed in detail.

2.2.1 - 3

Quality Assessrnent

There are several scales and checklists available to assess the quality of studies
(see Moher et al., 1995). Quality assessments are important, and can be used
to decide which studies are entered into a meta-analysis (by having an explicit
lower lirnit of quality in which to include studies). The analyses may then be
performed by weighting each study by its quality score. Alternatively. sensitivity
analyses can be performed to determine the effect of the lower quality studies on
the results of the meta-analysis.

Many quality scales are targeted toward specific clinical areas. such as arthritis
treatments. rather than being generic to any clinical area. Some scales are very
extensive and cumbersome to use. Published examples contain anywhere from

3 to 34 items and take between 10 and 45 minutes to complete. Many scales
either lack acceptable reliability (as judged by kappa > 0.61 for substantial
agreement [Landis & Koch, 19771) or have not been evaluated with respect to
this property.

Not al1 methodologists agree how quality scores should be utilized in the
performance of meta-analyses. It has been suggested that the components of a

quality scale are more useful than the quantitative score itself (Greenland,
1 9 9 4 ~ ) .One component that has been explored by several groups is masking or
blinding (Chalmers et al.. 1981: Emerson. Burdick. Hoaglin. Mosteller. &
Chalmers, 1990: Detsky. Naylor. O'Rourke. McGeer & L'Abbe, 1992; Khan. Daya
& Jadad. 1996; Moher. Jadad & Tugwell. 1996). These studies demonstrate that
the masking or blinding of the treatment allocation (patient. physician. and
outcome assessor) is strongly correlated with the quality of a study.
Emerson and colleagues (1990) examined the variation of the overall effect size
with quality scores in seven meta-analyses of RCTs. There was no association
between quality score and overall effect size (p>0.2). and quality score and
variability of effect size (larger standard deviation of the treatment difference in
studies of higher quality). No association was demonstrated between masking
(blinding of the randomization process, patient. physician, and outcome
assessment) and overall effect size, and handling of patient withdrawals and
overall effect size (masking and handling of patient withdrawals as components
of the quality score) (p>0.09). However. the inferences provided were based
solely on p-values derived from regression models and correlations. As
Greenland ( 1 9 9 4 ~has
) pointed out. these analyses may have missed important
associations due to a lack of statistical power.

suggests that quality scoring can be particularly meaningless
Greenland (1994~)
when the effect size varies with one or several components of such a quality
assessment scale. This is especially problematic if the effect size varies across

two or more components in such a manner that the variations would cancel out
in the quality score. As an alternative to quality scoring, Greenland ( 1 9 9 4 ~ )
suggests that such components be used as variables in a regression mode1 to
assess each component while controlling for other components of quality.

Khan and colleagues (1996) have shown that inclusion of poor quality studies
into a meta-analysis creates a bias by increasing the estimate of the effect size.
and may lead to fallacious inferences. Schulz and others (1995) have shown
that controlled trials with inadequate concealment of allocation (blinding of the
randomization process) resulted in larger odds ratios (pe0.001). by as much as
41% compared to those with adequate concealment. Schulz also demonstrated

that trials which were not double-blind had larger odds ratios (p=0.01). up to 17%
larger than double-blind trials.
Another limitation of quality assessment is the dependence of quality on the
reporting of the study. Due to space limitations in journals. many investigators
may be more inclined to present the interesting findings than the details of how
the study was performed. In this case the quality of the study may be poor. even
though appropriate procedures were followed to ensure the trial was of high
quality.
Thus. the value of quality scores remains controversial. At the present tirne. it is
not clear what role (if any) quality scores or quality components play in the metaanalysis of randomized controlled trials. However. concealment of treatment
allocation appears to be an important element affecting the quality of these
studies. The effect of other quality components (such as study design, handling
of patient withdrawals. and statistical methods) on the results of meta-analysis
rnust be assessed. Until that time. it rernains uncertain how to utilize quality
assessments in conducting meta-analyses of RCTs.

2.2.1 -4

Data Collection and Extraction

Data extraction should be performed by at least two independent reviewers
andlor on different occasions. Specific training and instructions should be
provided prior to data collection. Disagreement among individuals who extract

data should be resolved by a defined procedure (such as by consensus or by
adjudication of another party). Data extraction forms should reflect a prion
decisions which the investigators have decided are rneaningful. based on the
specific questions which are being addressed. A meta-analysis should not be a
'fishing expedition'. In this respect. the data collection process is directly
analogous to that which is used for the conduct of a RCT.

However. it has been suggested that blindinglmasking of the journal. authors.
and treatment assignments may affect data collection and extraction. and thus
the results of the meta-analysis.

Berlin and colleagues (1997) conducted a study to assess the effects of blinding
of data collection and extraction on the results of meta-analyses. The blinding
process utilized in the study atternpted to rernove identifying information about
the journal, authors, institutions. and treatment assignments. The investigators
selected meta-analyses at random. and the original studies which were utilized
were retrieved. Pairs of researchers were then randomly assigned to perform
the meta-analyses in duplicate - one pair under blinded conditions and the other
pair unblinded. The blinded pair of researchers was not aware of the identifying
characteristics of the trials whereas the other pair of investigators had knowledge
of the journal, authors, institutions. and treatment assignments. The pooled
odds ratio for the blinded meta-analyses was 0.63 (95% CI: 0.57-0.69) compared
to the unblinded meta-analyses which had a pooled odds ratio of 0.64 (95% CI:

0.57-0.72). Blinding was not effective in 40% of papers retrieved. despite the
extra time required to ensure blinding (mean of 7.7 hours, standard deviation of
4.1 hours). The authors concluded that blinding was not desirable due to the

extra tirne and cost involved since the differences in the results of the blinded
and unblinded meta-analyses were trivial.

However. West (1997) criticised the study of Berlin and colleagues (1997) for the
srnall sample size (5 pairs of meta-analyses). West also emphasized that the
meta-analyses were not homogeneous. and the estimates of effect varied wtdely.
West suggested that spending 7.7 houn to blind each trial is an extremely small
price to pay for a minimally biassed estimate of effect. given the time it takes to
design. execute and report the results of a single clinical trial.

Thus, the role of blinding of the trial identification in the data collection and
extraction process is controversial.

2.2.1 -5

Bias and Error

Consumers of meta-analysis must be aware of the potential for bias. If biassed
studies are entered into a meta-analysis then the results of the meta-analysis
may be seriously flawed. The biases and errors which are inherent to the
primary research studies are thus of great concern when a meta-analysis is
performed.

Selection and exclusion bias relate to how the subjects were chosen for the
primary studies, and how these primary studies were selected for the metaanalysis (Chalmers et al., 1987; Felson, 1992: Finney, 1995: Gregoire. Derderian

& Le Lorier. 1995).
Publication bias is one of the greatest problems for the meta-analyst. This
occurs when positive studies are published preferentially over studies that find
no difference or a negative effect (of the study treatment) (Chalmers et al., 1987:
Dickersin & Berlin, 1992; Egger & Smith, 1995; Feinstein. 1995; Felson. 1992;
Beral. 1995; Finney, 1995; Gregoire et al., 1995: Inrvig, 1995; Irwig, Macaskill.
Glasziou 8 Fahey, 1995; Slavin. 1995; Villar. Piaggio, Carroli & Donner. 1997)-

Likewise. the limitations of the meta-analyst (and meta-analysis) may in itself
present an exclusion bias if the meta-analyst selects studies for the metaanalysis depending on language criteria (Gregoire et al.. 1995). For example. if
the meta-analyst understands only English. but several important studies exist
which have been reported in another languages. then exclusion bias occurs if
these studies are not included. It has been suggested that translators be sought
to ensure that al1 eligible studies are included in a meta-analysis. regardless of
the language of publication (Gregoire et al.. 1995).

In support of this recommendation. Moher and colleagues (1996) examined the
quality of trials published in English and other language journals (French.
German. ltalian and Spanish) with respect to the completeness of reporting
(randomization. double-blinding. and withdrawals). These investigators found no
significant differences in these elements (individually or as an overall score)
between the trials which were published in English and those which were
published in non-English journals. There was a tendency for trials published in
languages other than English to have adult participants. use two or more
interventions, and compare two or more active interventions without an untreated
control group as compared to English language trials. However. the results
found in this study may not apply to trials published in other languages such as
Chinese. Japanese or Russian.

Another common problem is that meta-analysts may not perform an adequate
search to locate the primary studies. Such an inadequate or incomplete search
can result in search bias. which is a form of selection bias (Felson, 1992).

The meta-analyst should create a set of clear and specific inclusion criteria prior
to the performance of the literature review

.

However, some meta-analysts may

do this only after preliminary review of the literature, and this presents a problem.
Development of inclusion criteria in this manner may exclude important studies

(Felson, 1992). This problem is difficult to avoid, as a good knowledge of the
literature is necessary in choosing inclusion criteria. as it is in performing the
meta-analysis (Felson. 1992). Felson (1992) also suggests that selection bias
may result when inclusion criteria are vague. This allows excessive leeway for
the meta-analyst to choose studies for inclusion. Possible solutions to this
problem are 1) to mask the methods and results sections of articles being
considered for inclusion. and 2) to utilize two or more independent individuals to
select the papers for inclusion (Felson. 1992).
The presence of bias is a far greater threat to the validity of the statistical
inference, than a lack of homogeneity due to random variation (Bailar. 1995).
Thus, the confidence limits of the estimates from the meta-analysis may
understate the range of real uncertainty. To this extent. the results of the metaanalysis may be unreliable (Bailar. 1995: Feinstein. 1996).

2.2.1.6

Statistical Methods

A number of different statistical methods may be used to perform meta-analyses.
depending on the type of data (continuous. categorical. dose-response. time to
event, and so on) which is being assessed. There are fixed and random effects
models depending on the studies being analyzed. Statistical methods usually
require the application of a test of homogeneity. The result of meta-analysis is
expressed as a summary measure of the effect size (mean. proportion. rate.
odds ratio, etc.). A confidence interval (usually 95%) about this estimate is
usually calculated.

2.2.1.6.1

Hornogeneity

To determine if combining studies is appropriate and meaningful, the degree of
homogeneity (similarity) between the studies rnust be evaluated.

Lack of clinical homogeneity can result from differences in study design. patient
selection (including randomization), baseline characteristics and CO-interventions.
management of intermediate outcomes (such as adverse events). type and
duration of treatment. duration of follow-up. treatment of the comparison group,
and treatment of departures from the protocol (Finney. 1995; Horwitz. 1995:
Letzel, 1995).

Lack of statistical homogeneity can result from known or unknown lack of clinical
homogeneity. It may also occur when several trials have yielded inconsistent
results (negative. null. and positive), or through the presence of methodologic
differences (such as the use of an inappropriate scale to measure the magnitude
of a treatment effect). Publication bias. selection and exclusion biases. or the
early termination of clinical trials for ethical reasons may also result in a lack of
statistical homogeneity (Thompson. 1994).

lmproper design and statistical techniques in the primary studies can lead to
inappropriate and invalid conclusions. Cornmon errors are the use of unsuitable
measurement scales, measurement of inappropriate variables, misclassification
of outcomes. failure to use the intention-to-treat principle. and improper analyses
(Eysenck, 1994; Liberati, 1995). Other problems include the poor control of
confounders. and differences in patient populations (Chalmers et al., 1987:
Dickersin & Berlin, 1992; Ohlsson, 1994; Sackett, 1994b: Anello & Fleiss. 1995;
Beral. 1995; Egger & Smith. 1995; Finney. 1995: Irwig, 1995: lrwig et al.. 1995).
Problerns such as these may cause a lack of statistical homogeneity.

As a first step to assess homogeneity, the data rnay be evaluated visually. The
examination of the studies' characteristics is an important element of
assessrnent of homogeneity. This can also be helpful in the assessrnent of
clinical homogeneity. Statistical tests may be performed to examine if the
treatment groups in the included studies differ with respect to baseline and

demographic characteristics. However. one must be wary of the lack of
statistical power in such comparisons. and corrections for multiple testing may be
necessary.
Statistical homogeneity should then be assessed by a x2 test of homogeneity.
The test of homogeneity examines whether an interaction between treatments
and studies exists (Dickersin 8 Berlin. 1992). However. such statistical tests of
homogeneity suffer from a lack of statistical power: if there is a modest degree of
lack of homogeneity, the test may be statistically non-significant (Thompson 8
Pocock. 1991). Also. tests for homogeneity are based on the assumption of
random effects. and the fixed effects models (such as the Mantel-Haenszel or
Peto methods) are clearly not based on this assumption. The fixed effect model
is thus more susceptible to lack of power of the homogeneity test than the
random effects model (Chalmers. 1991). Also. the inclusion of a limited number
of studies in the meta-analysis may result in a lack of statistical power for the test
(L'Abbe. Detsky & O'Rourke. 1987). Berlin. Laird, Sacks and Chalmers (1989)
investigated homogeneity in fixed and random effects models. When p>0.10 for
the test of hornogeneity. both the fixed and random effects models gave similar
results in terms of the z-test. However. when p 0.10 (lack of homogeneity). the
results [in terrns of the z-test] diverged (Berlin et al.. 1989: Chalmers. 1991). It
has thus been suggested that the significance level for such tests be 0.10. rather
than the usual 0.05 (Fleiss. 1986). However, failure to reject the nuIl hypothesis
of homogeneity (p>0.10) does not prove that the studies are measuring the
same quantity (Petitti. 1994a).

Meta-analysis is applicable if the data to be summarized are homogeneous.
Othewise. if the data are sparse. of low quality or clearly not homogeneous. a
qualitative review is the most appropriate alternative to meta-analysis (Eysenck.
1994; Cook. Sackett & Spitzer. 1995).

Statistical Methods for Two Groups

2.2.1 -6.2

Many studies which evaluate treatments consist of a treatment group and a
control group which are assessed for the occurrence of an outcome (usually
binary or continuous). Several meta-analytic methods have been developed to
evaluate these types of data. Sorne of these methods are briefly presented here
for the odds ratio. For a more comprehensive review. refer to Hedges and Olkin
(1985). Dickersin and Berlin (1992). Petitti (1994a). and Hasselblad and McCrory
(1995).

A fixed effects model, such as Mantel-Haenszel (Mantel & Haenszel, 1959). or
Peto (Yusuf. Peto, Lewis. Collins & Sleight. 1985) is used when the meta-analyst
believes that the studies which are eligible for the rneta-analysis are a population
of studies in and of thernselves. The results of a fixed effects meta-analysis

must be carefully generalized. Similar to a multi-centre trial. the patients to
whom the results of the meta-analysis are being generalized should be similar to
those patients who were included in the trials - the use of clinical judgernent is
essential (Dickersin 8 Berlin. 1992; Bartolucci. Katholi. Singh 8 Alarcon. 1994).

Table 2: Data layout for computing pooled odds ratios
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From this table the odds ratio for the ithstudy can be cornputed as

and the standard error of the In OR! is defined as:

The 95% confidence interval of the odds ratio can then be computed as:

In the case where one cell count is zero. Fleîss (1981) suggests adding 0.5 to
each cell prior to computing the odds ratio and the standard error. If two ce11
counts contain zero, then the odds ratio is not defined.

The Mantel-Haenszel pooled odds ratio is defined by the following formulae
(Petitti, 1994a):
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Q follows a x2 distribution with degrees of freedorn equal to the number of

studies minus 1.

The Peto pooled odds ratio is a modified version of the Mantel-Haenszel pooled
odds ratio. It produces a ratio which approximates the odds ratio. and should be
applied only when the 2x2 tables are well balanced (Petitti. 1994a). The formulae
are below (Petitti, 1994a):

tvar lance,

where O, is the observed number of events in the treated group. and E, is the
expected number of events in the treated group. as defined by:
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nl(nl- 1)
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and the 95% CI is defined by:
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Q follows a x2 distribution with degrees of freedom equal to the number of
studies minus 1.

Greenland and Salvan (1990) suggest that the Peto method may produce
biassed estimates of the effect size when the 2x2 tables are not balanced. This
bias has been demonstrated with odds ratio as srnall as 1.5, and increases with
larger odds ratios. However, the authors ernphasize that this bias will be
negligible in meta-analysis of RCTs which evaluate relatively srnall effects and
have a relatively large number of events in the analysis.

Alternatively. a random effects model. such as the DerSimonian and Laird
method (DerSimonian & Laird, 1986) is used when the meta-analyst believes
that the eligible studies were randomly selected from some population of studies.

In this case, the results of the meta-analysis are believed to be generalizable to a

population of studies. The studies included in the random effects meta-analysis
are a sample from this population of studies (Dickersin 8 Berlin. 1992: Mosteller
& Chalmers. 1992). For this reason. the arnong-study variability (or lack of

hornogeneity) is incorporated into the estirnates of the effect sizes (Bartolucci et
al.. 1994). Therefore a test of homogeneity is often not used. If the amongstudy variation is large compared to the within-study variation. then the
DerSimonian and Laird method will tend to weight large and small studies almost
equally (Berlin et al.. 1989).
The DerSimonian and Laird pooled odds ratio is calculated by (Petitti. 1994a):

ORD DL =

2wi * xln ORl

where w,' are weighting factors defined by

wi* =

1

D-

Wi =

1
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1
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The variance of the ithstudy is estimated using the Mantel-Haenszel formula
described previously.

Q=

m(ln OR, - In ORMH)

where S is the number of studies and the InOR,

is as defined previously. The

reader may notice that Q is of similar form to the Q statistic for the test of
homogeneity in the fixed effects rnodels presented earlier. The 95% CI is
defined as:

95%CI =

in ORDL- 7 96 var iance5'

e

where

The random effects model is more conservative than the fixed effects rnodel
since it takes into account the occurrence of among-study variability (Hasselblad
et al., 1995). The confidence interval about the estimate of the effect size will
thus be wider using a random effects model as compared to a fixed effects
model (Berlin et al.. 1989: Dickersin 8 Berlin. 1992). For this reason. if
homogeneity is lacking, the random effects model is preferred. However. when
the homogeneity assumption is satisfied. the fixed and random effects models
will given essentially the same results (Petitti. 1994a).
Petitti (1994a) presented the results of a meta-analysis of two case-control
studies (1070 patients) which compared the Mantel-Haenszel and DerSimonian
and Laird methods of analysis. The Mantel-Haenszel relative risk was 1.49 (95%

CI: 1.14-1-95) and the DerSimonian and Laird relative risk was 1.50 (95% CI:
1.20-1.87). In this example. the clinical interpretation was not affected by the

choice of model.

For continuous data, the following approach is taken provided that the outcome
is measured on the same scale (Petitti. 1994a). See Petitti (1994a) for details
when the data are measured on different scales.
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where Q follows a xZ distribution with the degrees of freedom equal to the
number of studies minus 1.

Thus. the choice of a model (fixed or randorn effects) can lead to different
conclusions. particularly in the absence of homogeneity (clinical or statistical).

Dear (1994) proposed an iterative generalized least squares method for the
meta-analysis of time to event data at multiple time points. from several
treatment groups (including the case of two groups). This approach generates
parameters that are easily interpreted and takes the linear dependence on time
into account. as well as the dependence of comparisons (when comparing each
treatment group to the control group).

To utilize this method, the generalized least squares model requires a correlation
matrix of the correlations between times within studies. This correlation matrix is
calculated from known survival probabilities.

Survival probabilities and standard errors of this estimate are directly used by the
model. which accounts for the treatment group. time variable. and study variable.
Other study level covariates such as mean age. proportion of males or females.
year of study, quality of the study, and interactions can be included in the model.
All data is entered in matrix format for the iterative process.
This method assumes there is no censoring. However. Dear has conducted a
simulation study to determine the effect of censoring the time to event data.
Studies with a 40% censoring rate would experience a 10% decrease in the
correlation between time points.

An alternative rnethod for the analysis of time to event data has been proposed
by Hunick and Wong (1994). This method is based on the actuarial life table
approach and the proportional hazards model. while adjusting for differences in
the case-mix among studies. This approach utilizes data available from
published manuscripts (as opposed to individual patient data). Hazard ratios are
estimated for each study, and then combined across studies. Covariates are
easily adjusted into the estimate of the hazard ratio provided the stratum-specific
life tables can be calculated. However, one limitation of this method is the
assumption that the necessary data will be available in the manuscript or
obtainable from the individual investigators. Estimation methods may be needed
to derive Iife tables from such manuscripts.
Similar to Hunink and Wong (1994). Parmar. Torri. and Stewart (1997) have
developed a method that incorporates the censoring effect of time to event data.
This is done by utilizing the hazard ratios of each of the studies. In this case. the
pooled hazard ratio and its variance are defined by:

and

The 95% confidence intervals about the hazard ratio can then be calculated as:

where n is the total number of subjects in al1 studies and treatment groups.
Parmar and colleagues (1997) present various approximation formulae to
estimate the hazard ratios and their variance in situations where they are not
readily available from the individual studies. The hazard ratio is defined as:
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where O,, is the number of events in the treatment group. El, is the expected
is the Mantel-Haenszel variance
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of the log hazard ratio.
For the ithstudy, provided that the treatment effect is not too large. the variance
of the log hazard ratio can be approximated by:
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where xMH2is from the log rank test provided from a time-to-event analysis.
Rearranging this formula gives:

The variables on the right hand side of the equation can be obtained or
estimated from most manuscripts, and thus the pooled hazard ratio c m be
computed.

If individual patient data are available. usual methods of data analyses. such as
analysis of variance, and multiple regression models may be appropriate
provided that the underlying assumptions of these methods are satisfied (Buyse

& Ryan. 1987; Cuzick. 1982; Schoenfeld. 1981). Models such as these usually
account for the differences across studies by including study as a covariate in
the model. Other covariates such as age. sex. and disease status may be
included in the model.

Well-defined statistical methods for meta-analysis of studies with two groups
exist. However. these methods are not necessarily applicable nor appropriate for
meta-analysis for studies with more than two groups.

2.2.1.6.3 Statistical Methods for Multiple Groups
In medical research. many studies will include only two treatment groups.
However. in certain situations. such as dose-finding studies. there will be more
than two groups. Most meta-analytic methods are applicable only for two groups
(one treatment group and one control group). This presents a methodologic
challenge. This section focuses on methods that can be utilized for metaanalysis of primary studies with more than two treatment arms.

Greenland and Longnecker (1992) proposed methods to estimate the trend of
the odds ratio when dealing with summarized dose-response data. With doseresponse data. one compares each dosage group to the same control group.
Hence, each comparison is not independent. and one should account for this
dependence in the analyses. Failure to do so may result in erroneous
conclusions.

To estimate the trend of the odds ratio. Greenland and Longnecker (1992) have
constructed an approximate covariance estimate using weighted least squares.
An adjusted log odds ratio from a fitted table that conforms to the adjusted log
odds ratio is used (Greenland 8 Longnecker. 1992).

However, wt-ien the outcome of interest is the time to some event, with several
time points of observation. frorn multiple treatment groups. the Greenland and
Longnecker (1992) approach is not appropriate.
Dear's method (Dear, 1994) for time to event data. with multiple time points in
several treatrnent arms is a promising technique with applications to many
situations, including repeated measures analysis. and use of non-randomized
historical controls. Unfortunately. this method does not account for censoring of
data. The Parmar method (Parrnar et al.. 1997) may be more accurate since it

accounts for censoring and time to events. However. it also has an important
limitation; this method has been developed for situations where there are only
two treatment groups.
However. with some limitations. data from studies with more than two groups can
be analyzed using simpler techniques, such as the Mantel-Haenszel or Peto
methods. The data can be separated into 2x2 tables in such a manner that each
table contains group y (where y is any one of the treatment groups) versus
control by outcome versus no outcome. Effect sizes can then be calculated for
each treatment group in comparison to the control group. This method. however.
must be interpreted with caution. as each comparison is no longer independent
(al1treatment groups are compared to the control group) as Greenland and
Longnecker (1992) warn. If there are two or more observation points. additional
limitations will occur due to the correlation between the time points.

2.2.1.6.4

Exploratory, Subgroup and Sensitivity Analyses

During the analysis phase of the meta-analysis. the researcher should examine
the data for any trends in the effect size in relation to the number of subjects in
the study, year of publication (or termination of the study. if unpublished). quality
score, baseline disease risk in the control group. or other covariates. If the
observed effect size varies with one or more of these factors, then the factor is
said to be an effect modifier which interacts with the treatment (Schneider, 1989;
Brand & Kragt. 1992).

However, one must be wary of the potential disadvantages of exploratory and
subgroup analyses. Oxman and Guyatt (1992) emphasize that subgroup
analyses may be both informative and misleading. Where trials themselves are
not methodologically sound. subgroup analyses rnay then lead to invalid
conclusions. Specifically. estimation of treatment effects within subgroups is

subject to large random errors (Gelber 8 Goldhirsch. 1987: Buyse. 1989).
Multiplicity and lack of statistical power also affect the results of the analyses
(Gelber & Goldhirsch. 1987: Buyse. 1989: Schneider. 1989). Adjusting the
significance level (a)for the number of statistical tests leads to unrealistic low
testing levels (Schneider. 1989). Gelber and Goldhirsch warn (1987). despite the
increased number of patients available for subgroup analyses. bias due to
misclassification and inconsistent subgroup definitions among trials may occur.

Peto suggests that when the treatrnent effect is statistically significant in two
individual subgroups of similar size, there is a 1 in 3 chance that the treatment
effect will be large and significant in one subgroup and negligible in the other,
given an overall significant treatrnent effect (Peto. 1982 as cited in Buyse. 1989).
This is based on the size of the standard error (SE). If the overall treatment
effect is 2 SE'S larger than that of the alternative treatment. whether the
treatment effect is real or not. it is more likely than not that there will be a
significant treatment effect in some subgroup of patients. If the SE of the overall
treatment difference is x. the SE in half the patients in one subgroup is x J 2 . and

x J 2 in the other subgroup. The SE of the interaction between the
stratification/subgroup factor with the treatrnent is 2x. If the actual magnitude of
the interaction turns out by chance to exceed 2 x (with probability %). one
subgroup will have a treatment difference of more than 3x. while the other
subgroup will have a treatment difference of less than x.

Oxman and Guyatt (1992) suggest several criteria to aid in the decision as to
whether apparent differences in subgroup response are real. These are the
clinical importance of the difference. the statistical significance of the difference
(p-value), whether the contrast was based on a priori or post hoc analyses. the
number of subgroups tested, whether the difference was suggested by
cornparison within or among studies. whether the observed difference is
consistent across studies. and whether the presence of indirect evidence

supports the hypothesized difference.

Sensitivity analyses rnay be performed to examine the relative contribution of
each study to a meta-analysis. One example of sensitivity analysis is cumulative
rneta-analysis (Lau et al.. 1992: Lau. Schmid 8 Chalmers. 1995). This method
pools the eligible studies in ascending or descending order. by publication year.
control group event rate. study size. size of the difference between the treatment
and control groups. quality score of each study. or by other covariates. Some of
the objections to cumulative meta-analysis are that large studies contribute little
(since meta-analyses of large studies produce similar results as meta-analyses
of small studies). and the method incorporates the incorrect use of uncorrected
p-values for multiple hypothesis tests (Lau et al.. 1992; Lau et al.. 1995).

Additionally, the included trials can be stratified such that the results of the metaanalysis can be examined according to the study quality. patient population.
treatments. definition of outcome. and other such variables. For example. the
meta-analysis can be performed separately for low quality studies, medium
quality studies. and those studies of high quality. By doing this. the investigators
can determine the effect of study quality on the results of the meta-analysis.
Exploratory analyses such as these, which include subgroup analyses, are
commonly used in meta-analyses. The use of subgroup analyses may generate
new hypotheses and help define unique patient populations in which the
treatment is more effective. Primary research based on the results of subgroup
analyses may subsequently be undertaken.

2.2.3

Meta-Analysis: Conclusion

Meta-analysis is a statistical tool which is undergoing rapid evolution. This
method produces a sumrnary estimate of treatment efficacy at a low cost to the

investigator.
One of the chief concerns regarding the use of meta-analytic methods is the lack
of appropriate methods to analyze studies with multiple treatment arms and
complex outcomes. Since most primary research is conducted using only two
treatment groups and employs simple binary or continuous outcornes. most
meta-analytic methods have been developed for these situations. However.
meta-analytic methods for multiple treatment arms, and cornplex outcornes such
as time to event. are not well developed. In many instances. the investigators
are forced to used simpler methods that apply to two groups. using specific time
points. Unfortunately, when such compromises are undertaken the available
data are not fully utilized.
Meta-analysis is observational in nature, and is thus subject to the problems that
affect al1 other forms of observational research. The presence of publication.
inclusion, exclusion. and selection biases must be assessed in a
rnethodologically sound meta-analysis.

Considerable debate exists regarding whether mega-analysis overcomes many
of the deficiencies of meta-analysis. Althoug h mega-analysis allows for the use
of more sophisticated analyses on more complete data sets, a large investment
of time and money is required to perform these studies. To date eight studies
have assessed the differences between the results of meta- and mega-analysis.
Of these eight studies, only three have used similar data sets. These studies
have not reached a consensus regarding the relative value of meta-analysis as
compared to mega-analysis. Therefore. this study is needed to assess the level
of agreement between the results of rneta- and mega-analysis in a common data
set with the same number of trials and patients.

Chapter 3 - The Research Project

3.1

Research Objective

The primary objective of this research was to examine the extent of agreement
between the results of meta- and mega-analysis. To facilitate the comparison, a
common data set which included the same randomized double-blind placebocontrolled trials was used for the analyses. AI1 of the studies evaluated the
efkacy of oral controlled-ileal release budesonide (3 or 6 mglday) as a
maintenance therapy for Crohn's disease in cornparison to placebo. Efficacy
was measured by the proportion of patients in each treatment group who
experienced a relapse at 3 and 12 rnonths following randomization to treatment.
Lower relapse rates denote greater efficacy.
A secondary objective of this study was to assess the profiles of adverse events

and withdrawals of the two budesonide doses in comparison to placebo. Of
particular interest were those adverse events related to corticosteroid treatment.
This outcome was assessed by comparing the proportion of patients who
experienced corticosteroid-related adverse events in each treatment group. We
also examined the proportion of patients who experienced adverse events, and
the proportion of patients who were withdrawn due to treatment failure. adverse
events, and other reasons.
Thirdly. it was desired to assess males and fernales separately. This would
determine if there were any differences in efficacy. occurrence of adverse events
(including corticosteroid-related adverse events), and withdrawals between the
sexes.

A fourth objective was to compare the results of the simpler 2x2 MantelHaenszel fixed effects pooled odds ratios (meta-analysis) to the crude odds ratio

of the mega-analysis using the approach of Villar and colleagues (1997).
3.2

Hypothesis

It was expected that oral budesonide 6 mglday would prove effective for the
maintenance of remission in subjects with ileal Crohn's disease. This dose was
superior in prolonging the tirne to relapse in two of three maintenance studies
(Greenberg et al.. 1996: Lofberg et al.. 1996). However. the benefit was not
expected to be large.
It was hypothesized that the results of meta- and mega-analysis would be in firm
agreement with each other. i.e.. the proportions of patients who experience
relapse would be very similar. as would the occurrence of adverse events and
withdrawals. However, the corticosteroid-related adverse events should be
similar in the budesonide 6 mglday and 3 mglday groups. but different from the
placebo group.

Based on the study of Lofberg and colleagues (1996). there was evidence of a
possible gender effect. A greater proportion of females were assigned to the
budesonide 3 mglday group. and the budesonide 3 mglday group had a higher
rate of relapse. although this relationsnip was nonsignficant. Therefore. it was
decided to evaluate males and females separately to determine if there was a
difference in efficacy between the sexes.
It was further predicted that the results of the 2x2 Mantel-Haenszel fixed effects
pooled odds ratios and the crude odds ratios from the mega-analysis would be
similar. This was judged by the width of the confidence interval of the ratio of the
odds ratios - narrower confidence intervals are indicative of greater similarity
between both methods, particularly in the presence of larger sample sizes (Villar
et al.. 1997).

3.3

Study Aims

The general aim of this study was to determine if there were any differences in
the results of meta- and mega-analyses, as judged by the proportion of patients
who experienced a relapse of the disease during a one year period. The
adverse event and withdrawal profiles. in relation to the dosage of oral
budesonide were also assessed.

Specifically. the following tasks were performed.
1. We compiled a list of randomized double-blind placebo-controlled trials of oral
controlled ileal-release budesonide (3 and 6 mg/day) in Crohn's disease (for a
one year treatment period).

2. The relevant data were extracted from each eligible study.

3. We examined possible sources of bias in the meta- and mega-analyses.
4. The clinical homogeneity of the eligible studies, with respect to therapy

(including dosage and duration). and baseline characteristics was evaluated.

5. Statistical tests of homogeneity were then performed for the rates of relapse.
adverse events and withdrawals. Given that the homogeneity assumption was
satisfied (by p>0.1O), we conducted a Mantel-Haenszel fixed effects metaanalysis of these outcornes (or subgroups).

6. In situations where a mild lack of homogeneity existed (as arbitrarily defined
by 0.01

p c 0.1). the Mantel-Haenszel fixed effects meta-analysis of these

studies was utilized and implemented with caution. Possible sources for the lack
of homogeneity were then investigated.

7. Where severe lack of homogeneity existed as defined by p c 0.01 for the xi
test for homogeneity, a qualitative review of the particular outcome (or subgroup)
was performed, rather than a quantitative review (meta-analysis).

8. Subsequently, we compared the results of the meta-analysis with those of the
mega-analysis using the approach of Villar and colleagues (1997). This was
done using the Mantel-Haenszel pooled odds ratio from the meta-analysis, and

calculation of the crude odds ratio from the mega-analysis.
3.4

Search Strategy

A number of methods were utilized to search for studies which evaluated the
effect of oral controlled-ileal release budesonide for the treatment of Crohn's
disease. MedlineB databases from 1966-June, 1997 were searched using the
key and text words "oral budesonide" with "Crohn disease". "Crohn's disease".
and "inflammatory bowel disease". The Cochrane Library Controlled Trials
Register and lnflammatory Bowel Disease Group Trial Register were also
searched (Mulrow & Oxman. 1997: McDonald. Sutherland. McLeod & RaskMadsen, 1997). (These databases were developed using a strategic search of
MedlineB from 1966-June 1997. as well as hand searching of medical journals.)
Dr. Brian G. Feagan (gastroenterologist) of the London Health Sciences Centre
(University Campus), London. Ontario and Dr. A. Hillary Steinhart
(gastroenterologist) at the Mount Sinai Hospital, Toronto. Ontario were
approached regarding other oral budesonide studies. (Dr. Feagan was an
investigator in several Canadian studies of oral budesonide; Dr. Steinhart is
participating in the review of oral budesonide for maintenance of remission in
Crohn's disease by the Cochrane Collaboration.)

Dr. Paul Sinclair (Scientist. Gastrointestinal Unit. Astra Pharma Inc. - a subsidiary
of Astra Draco AB that manufactures Entocort CIR [oral budesonide - controlled
ileal release formulation]) was also asked to identify studies of oral budesonide
for the maintenance of remission in Crohn's disease.
Articles were retrieved for background material, and their reference lists were
checked for other articles. There was no language restriction. The reference
lists of books on Crohn's disease were also searched (see Bibliography for list of

such books).

3.5

Inclusion1Exclusion Criteria

Any study that met al1 of the following criteria, was eligible for the meta-analysis:
1. Randomized double-blind placebo-controlled trials of oral controlled-ileal
release budesonide (3 and 6 mglday) of a one year duration.

2. Patients at entry into the trials must have had a CDAl 150 (asymptomatic
remission).
3. Patients in the trials must have had Crohn's disease restricted to the ileum or
colon, but not extending past the hepatic flexure.
4. Patients must not have undergone ileostomy or extensive surgeries other than

resection of the terminal ileum and right colon.

5. Patients must not have had diabetes rnellitus. active infection, peptic ulcer
disease, cancer, or clinically important cardiac or hepatic disease.
6. Pregnant or breast feeding women must have been excluded from each study.

7. All patients must have given written informed consent.
Each study was assessed for eligibility independently by three reviewers (Dr.
Brian G. Feagan. Dr. A. Hillary Steinhart. and the author [L.S.]), in an unblinded
fashion. Each study was rated as eligible. ineligible or insufficient information to
make a decision. No disagreement occurred among the reviewers.

Two trials (Greenberg et al.. 1996; Lofberg et al., 1996) were available in
published form (journal article). The trial by Ferguson and colleagues (in press)

was available as a draft manuscript.
The study by Gross and others (1995) was excluded because the study drug in
that trial was a different formulation of budesonide (oral pH-modified). This
different formulation might have resulted in a lack of homogeneity. Since the

mega-analysis of the other three studies had already been perforrned. inclusion
of this study would not add to this most important question of this paper whether there is a difference between the results of meta- and mega-analysis.

3.6

Methodologic Quality Assessrnent

Methodologic quality was not assessed in this meta-analysis. since no
consensus in the literature exists regarding the value of quality assessrnents in
randomized double-blind placebo-controlled trials. or how quality should be
assessed. Detsky and others (1992) suggest that if al1 studies are of uniformly
high quality. then the issue of quality assessment is relatively unimportant. We
considered. without performing a formal quality assessrnent. the eligible studies
to be of high quality. Properly randornized double-blind placebo-controlled trials
are regarded in the scientific cornmunity as the gold standard in which to
evaluate interventions. The three eligible trials fit these criteria. (See Section

2.2.1 -3 for a discussion of quality assessment.)

3.7

Data Collection and Extraction

All summary data were supplied by Astra Draco in the form of interna1 statistical

reports. Additional data were also available upon request. These data are
herein referred to as 'the Astra data'.

Eligible articles were reviewed. and the results of each trial were extracted ont0 a
specially designed data extraction form (see Appendix 1). The Astra data were
provided in an intention to treat format with the last value extended for missing
data. All data were stratified by study. treatment group. and gender.

Data extraction was performed by the author on two occasions, separated by at
least one day. This was then validated by an external reviewer (Ms. Cathy Mills)

who was unaware of the purpose of the study. Following entry into the RevMan
software (Cochrane Collaboration meta-analysis software package), the data
were once again compared to the original data obtained from Astra Draco by
both the author and the external reviewer.

Baseline characteristics (age. gender. height. weight. disease duration and
location, previous resections. and so on) were inspected to ensure the studies
and treatment groups were from similar populations. These variables were
presented as means. standard deviations. medians. and ranges. or frequencies

as appropriate.

The number and proportion of subjects in clinical relapse in the treatment and
control groups in each study. at 3 and 12 months were derived from KaplanMeier survival curves and life tables based on the time to relapse or
discontinuation of therapy. If an event occurred 9 days after a visit, it was said to
belong to that visit. otherwise it belonged to the next visit. For example. the
number of relapses by the 100'" day was said to belong to the 3 month visit.

The median time to relapse or discontinuation of therapy (in days) was also
extracted.

The number and proportion of patients with adverse events and corticosteroidsrelated adverse events, and withdrawals from the study (due to therapeutic
failure. adverse events, or other reasons) were obtained.
Relapse data extracted frorn the trials were converted into two sets of three 2 x 2
tables - treatment group (3 pair-wise cornparisons of 6 mglday, 3 rnglday and
placebo) by the number of patients who experienced a relapse (and not), one set
for each follow-up period (3 and 12 months). These relapse data were then
stratified by gender.

Other outcornes (adverse events. and withdrawals) were converted into sets of
three 2 x 2 tables - treatment group by the number of patients who experienced
the event (and not) at 12 months only. one set for each outcorne. These data
were also stratified by gender.

3.8

Assessrnent of Bias

Assessment of bias is a critical step in the meta-analysis process. Bias may
result from flaws in the design. conduct, analysis and reporting of the study

.

In

the context of meta-analysis. bias may result from failure to perform a thorough
search for studies, failure to set adequate inclusion/exclusion criteria. and
inadequate measures to ensure reproducibility of data collection and extraction.

This meta-analysis assessed search. retrieval. reference. multiple publications.
publication. conformity publication. inclusion criteria. exclusion. selector and
extractor biases. and bias in scoring study quality. With access to the Astra
data. it was also possible to assess reporting bias and recording error bias.

Assessment of bias is discussed in greater detaîl in Section 4.1.

3.9

Statistical Methods of the Meta-Analysis

Dr. Brian Feagan and Dr. Tore Persson completed the mega-analysis
independently of this project. However, Drs. Feagan and Persson were blinded
to the results of the meta-analysis, while the author [L.S.] and other investigators
involved in data extraction were unaware of the preliminary results of the megaanalysis. Following completion of the meta-analysis. the results of the megaanalyses were obtained and compared to those of the meta-analysis.
Clinical homogeneity was assessed by examination of baseline and dernographic

variables to ensure the patients in the studies were from similar populations.
Possible sources of variability are differences with respect to proportions of
males and females. age. patient populations. proportions of patients with
different disease locations. duration of disease. and disease activity (CDAI) at
entry.
Statistical tests and p-values were not derived for the baseline and demographic
characteristics of the patient population. due to the large number of cornparisons
which would be required. This would result in large type I and II errors. due to
the large number of tests and relatively small sample size. respectively.
Additionally. a correction for the large numbers of statistical tests would lead to
an extremely low level of statistical significance (alnumber of independent
statistical tests). However. clinical significance was considered to play a more
important role than statistical significance in the evaluation of the homogeneity of
the study populations. The groups and studies appeared to be well balanced.
For these reasons. regression analyses and statistical tests were not warranted.
Statistical homogeneity of the odds ratios was assessed using a x2 test of
homogeneity. Because tests of homogeneity have very low statistical power. an
a of 0.10 was used to determine statistical significance (Fleiss. 1986; Dickersin 8
Berlin. 1992). It was decided a priori that when 0.01

p < 0.10. the data from

the trials would be pooled. but interpreted with caution. and efforts would be
made to detenine which specific variables may account for the lack of
hornogeneity. If there was a severe lack of homogeneity in any outcome or
subgroup. as arbitrarily defined by pc0.01 from a x2 test of homogeneity. then a
qualitative review of this outcome (or subgroup) would be performed, as opposed
to a quantitative review (meta-analysis).
The contingency tables at 3 and 12 months were then combined separately into

summary test statistics, using the Mantel-Haenszel pooled odds ratio and the

corresponding 95% confidence interval. The fixed effects rnodel in RevMan 3.0
software (Cochrane Collaboration) was used to compare the number of relapses.
adverse events, and withdrawals.

Subgroup analysis were limited to the analyses of the relapse rates. adverse
events. and withdrawals stratified by gender. This determined if the results of
the primary meta-analysis were sensitive to gender.

3.10

Statistical Methods of the Mega-Analysis

EffÏcacy was measured by cornparison of the time to relapse or discontinuation
of therapy among the three treatrnent groups. A relapse was defined as a CDAl
increase from the start of the maintenance study by at least 60 units and to a
value above 150. or when the patient was withdrawn from the study due to
disease deterioration whether or not a CDAl calculation was available at that
time. If a relapse occurred within 9 days of a study visit, it was considered to
belong to that visit; otherwise it was attributed to the next visit.

The analyses were based on the intention to treat principle with the last value
extended for missing data.
Statistical significance was defined as a p-value

0.05. or a 95% confidence

interval excluding the nuIl value of 1.O.

The analyses of time to relapse or discontinuation of therapy was the primary
analyses of interest. The survival functions were analyzed with respect to
treatment using a generalized Wilcoxon test and Kaplan-Meier estimates. and
with respect to treatment and various prognostic factors using Cox regression
models. When analyzing these times. the observation times for patients not
having a relapse were considered censored.

From the exploratory analyses of Greenberg and colleagues (1996). the
impression was that hazard functions for the three treatments were roughly
parallel but non-coinciding up to 90 days. after which time they tended to merge.
This suggested a possible beneficial effect of treatment which was lost with time.
To explore this possibility. two separate time intervals were considered in
addition to the entire year of follow-up: the first 90 days (where ail observations
larger than 90 were considered censored at 90 days). and after 90 days (where
al1 observations

90 days were ignored).

Several independent variables were considered for the Cox regression:
treatment (budesonide dose). CDAl at entry to the induction of remission study.

CDAl at entry to the maintenance or remission study. study (Greenberg et
al., lW6; Lofberg et al.. 1996; Ferguson et al.. in press). previous treatrnent for
induction of remission (prednisolone or budesonide and dose). gender. age.
disease location, previous resection. disease duration. morning plasma cortisol
at entry to the maintenance of remission study. adrenal function at 90 days. and
arthritislarthralgia at entry to the induction of remission study. These variables
were studied one at a time in the Cox regression models. In addition. backwards
stepwise procedures were carried out using ail of these variables. with al1
variables except plasma cortisol and adrenal function. with al1 variables except
plasma cortisol, adrenal function and disease location. and with only treatment.
gender. CDAl at entry to the induction of remission study. CDAl at entry to
maintenance of remission study, age. and study.

The crude odds ratios based on the individual patient data were computed for
the number of relapses at 3 months (100 days) and 12 months (end of the
study), as well as number of adverse events, corticosteroid-related adverse
events, withdrawals due to treatment failure, withdrawals due to adverse events,
and withdrawals for other reasons. These odds ratios were also derived for both
males and fernales. However. these odds ratios did not account for any

stratification factor such as study.
Where these 2x2 tables contained one cell with a zero count. a correction factor
of 0.5 was added to each cell (Fleiss, 1981).

3.1 1

Methods for Comparing the Results of Meta- and Mega-Analysis

The odds ratios of the meta-analysis were compared with the crude odds ratios
derived from the rnega-analysis using the method of Villar and others (1997).
This method parallels that used in studies of bioequivalence. In this case, the

two methods of analyses are considered interchangeable if the 95% confidence
interval about the ratio of the odds ratios meet certain arbitrarily defined criteria.
These criteria are: very high similarity (95% CI: 0.80-1.25). high similarity (95%
CI: 0.70-1.43), medium similarity (95% CI: 0.60-1-67). and low similarity (95% CI:
0.50-2.0). If the confidence interval is wider than that of low similarity, then the
parameters are said to have very low similarity.
The confidence interval of the ratio of odds ratios is defined by (Schlesselman.

1982):
- 1 96.

Vrnera

VMeqJ

95OK I ( O R ~ a t i o )
where V
,,

and VMq, are defined as :

where a, b, c. and d are the totals across al1 studies, with the table layout as in
Table 2.

However, when the confidence intewal about the ratio falls into the lower

categories of similarity, it suggest a lack of evidence to support the hypothesis of
similarity, rather than evidence of dissimilarîty. This is due to the uncertainties
arising in small studies. and the effect of such uncertainties on the width of the
confidence interval.

Chapter 4 - Results
4.1

Assessrnent of Bias

One important component of meta-analysis is the assessrnent of bias. The
major causes of bias are in the design of the study: the search strategy.
inclusionlexclusion criteria. and data collection and extraction process.

Search bias is the result of an incomplete or inadequate search. which rnay be
an indirect effect of indexing bias. lndexing bias occurs when published studies
have not been indexed properly by relevant search terms (such as MeSH) on
electronic databases (Felson. 1992). In this rneta-analysis. database searching
was done by using the key words and text words "Crohn disease". "CrohnTs
disease" and "inflamrnatory bowel disease" with "oral budesonide". Likewise. the
Cochrane Collaboration's lnfiammatory Bowel Disease Review Group Trial
Registry and the Cochrane Controlled Trials Register was also searched
(McDonald et al., 1997; Mulrow & Oxman. 1997). The published studies which
were identified were then reviewed to determine if they were randornized doubleblind placebo-controlled trials of oral budesonide (6 mglday and 3 mg/day) with a
one year treatment period. The use of more general key and text words
minimizes search bias. This was also minimized by searching reference lists.
and contacting specialists and manufacturers.

Retrieval bias is the failure to capture al1 studies performed on a specific topic
(Felson, 1992). In the present study. this was minimized by using
comprehensive sources to locate al1 of the studies which have been performed:
these include databases. reference lists. specialists. and contact with the
manufacturers.

Reference bias results when certain studies tended to be cited more often than
not (Felson. 1992). When studies were cited frequently. they were compared to
ensure that this was

OF was

not the sarne study. Thorough searching through

other means was hoped to minimize reference bias.
Multiple publications bias occurs when study results that are published in a series
of articles are more likely to be sampled than studies published as a single article
(Felson. 1992). Again. through contact with specialists and manufacturers. and
searching reference lists and databases. it was hoped to rninimize multiple
publications bias. The included studies appeared as single published articles or
draft manuscript only. and not as a series of articles.

Publication bias occurs when studies with positive results are more likely to be
published than those with negative results (Felson. 1992). Due to the small
number of studies evaluated (3). it was not possible to assess publication bias by
funnel plots, as suggested by Light and Pillemer (1984). However. through
contact with other specialists in London, Ontario. and Toronto. Ontario. as well as
the manufacturers of oral budesonide. along with searching databases. reference
lists, I am confident that no study which evaluated maintenance therapy of oral
budesonide was overlooked.

Conformity publication bias occurs when studies with similar results are
published. while studies that contradict currently accepted belief or practice are
not (Felson. 1992). Because oral budesonide is a relatively new drug. it is not
widely accepted as therapy for maintenance of remission in Crohn's disease.
Hence. it is believed that conformity publication bias was not present in this
meta-analysis.

Inclusion criteria bias occurs when a meta-analyst creates a set of inclusion
criteria. based on a preliminary review of the literature (Felson, 1992). The main

inclusion criteria for this meta-analysis was a randornized double-blind placebocontrolled trial of oral budesonide (6 mglday and 3 mg/day) for maintenance of
remission in ileal Crohn's disease. with a one year treatment period. Since the
primary objective of this study was to examine the differences between metaand mega-analysis. it was possible that inclusion criteria bias was a factor. since
the mega-analysis had already been performed. The excluded study utilized a
different formulation of budesonide. lt was decided not to include this study
solely based on drug formulation: we considered drug formulation as a possible
source of lack of homogeneity.
Exclusion bias may occur when the meta-analyst limits inclusion of studies based
on hislher language capabilities. As an example, many English-speaking metaanalysts limit inclusion to studies reported in the English language (Gregoire et
al.. 1995). The search for articles in this meta-analysis was not restricted by

language.
Selection (or selector) bias may result when the inclusion criteria are vague. in
such a manner that it is not clear as to which studies should be included or
excluded (Felson. 1992). The meta-analyst must make a decision as to which
studies are included. which can lead to selection bias. The specification of the

main inclusion criteria as randomized double-blind placebo-controlled trials of
oral budesonide (6 mglday and 3 mglday) for the maintenance of remission in
ileal Crohn's disease. with a one year treatment period. was hoped to reduce
selection bias. since many studies do not fit these specific criteria.
Reporting bias occurs when the individual studies do not accurately report the
results. For exampie. a study with several outcornes rnay only report those
outcornes that were statistically significant (Felson. 1992). In this meta-analysis.
with access to the Astra data, it was possible to verify and obtain further
information as necessary. This was hoped to reduce the effect of reporting bias

on the results of the meta-analysis.

Recording error bias occurs when the actual study results and the published
results differ (Felson. 1992). This bias was reduced in the present meta-analysis
by using the Astra data. These data were presented directly from statistical
software packages and interna1 statistical reports. Where necessary. it was
possible to contact statistical personnel at Astra Draco. This reduced recording
error bias by removing the opportunity for numerical errors in the manuscript to
affect the results of the meta-analysis.

Extractor bias occurs when the data are not extracted accurately from the studies
(Felson. 1992). To reduce extractor bias. a data extraction form was designed.
with specific instructions (see Appendix 1). Data extraction was done by the
author on two separate occasions. separated by at least one day. An external
reviewer also verified data extraction. Discrepancies were resolved by referring
to the original data. Upon data entry into RevMan. the data were once again
verified by the author and the external reviewer for possible data entry errors.

Bias in scoring study quality occurs when the meta-analyst is biassed when
assessing study quality. Particularly. this occurs when the quality score is used
to weight the studies (Felson. 1992). Since quality assessrnent was not done in

this study. this bias was avoided.

By having stringent criteria for this meta-analysis, it was hoped that bias was
minimized.

4.2

Characteristics and Description of the Three Trials

The data from each of the three budesonide studies are presented below in
Tables 3-20. The data presented were provided by Astra Draco. This was

assumed to be more accurate than that taken from the published and draft
manuscripts (lesser chance of recording error).

Partial results of the mega-analysis are presented here to demonstrate the
advantages of mega-analysis. In this case. it was possible to perform the
analyses in a manner similar to that of the original studies. Hazard ratios are
presented in the following mega-analysis section (4.3.2).
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The reader may notice that the demographic and baseline variables of the
patients evaluated by Ferguson and colleagues (in press) were slightly different
from those of Greenberg and colleagues (1996) and Lofberg and colleagues
(1996).

Specifically. in comparison to the other studies. the Ferguson study (in press)
had a greater proportion of males particularly in the budesonide groups.

Additionally, the mean and median CDAl at entry. was lower in the budesonide 3
mglday and placebo groups. There was a lower proportion of patients with
previous resection in the budesonide 6 mglday group. and a higher proportion in
the budesonide 3 mg/day group. The mean time since resection was also lower
in al1 three treatment groups, whereas the median was lower only in the
budesonide 3 mgfday and placebo groups. However. these minor differences
were not judged to be clinically meaningful.
As expected. the mega-analysis variables were quite similar to the primary
studies in terms of proportions. means. standard deviations. medians. and
ranges. Because of the high degree of clinical similarity. statistical tests and
regression modelling were not performed.

Table 4: Median times to relapse or discontinuation of therapy (days) and the Generalized Wilcoxon test p-values

IIGreenberg et al.. 1996

(

(

Lofberg et al.. 1996

1 Mega-Analysis

Ferguson et al.. in press
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32 1
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Table 5: Pair-wise Generalized Wilcoxon test p-values for the median times to relapse or discontinuation of therapy
(days)

1 Lofberg et al
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Table 6: Relapse rates based on the times to relapse or discontinuation of therapy
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Tables 4 and 8 above show that the time to relapse or discontinuation of therapy
(across treatment groups) was significantly different in 2 of the 3 studies; the
study of Ferguson and others (in press) showed no statistically significant effect
of therapy. The time to relapse or discontinuation of therapy was also
significantly different across the treatment groups in the mega-analysis.

Table 5 above. revealed that in pair-wise comparisons there were no significant
differences in time to relapse or discontinuation of therapy between budesonide
6 mglday and 3 mglday in either study or in the mega-analysis. In the
comparison of budesonide 6 mglday and placebo. there were significant
differences in the time to relapse or discontinuation of therapy in Greenberg and
colleagues (1996),Lofberg and colleagues (1996) and the mega-analysis. but
not in Ferguson and colleagues (in press). In the individual studies there were
no significant differences in the time to relapse or discontinuation of therapy
between budesonide 3 mglday and placebo. However. the mega-analysis
revealed a significant difference between these groups with respect to the time to
relapse or discontinuation of therapy.
From Table 7 above, only in the study of Lofberg and colleagues (1996) and the
rnega-analysis were the relapse rates statistically different. This was apparent
only at 3 months. There were no statistically significant differences between the
relapse rates in the other trials at either 3 or 12 months.

The log rank tests and p-values demonstrate that there were no significant
differences in the relapse rates based on the time to relapse or discontinuation of
therapy (Table 8). However, the Wilcoxon tests and p-values detected
significant differences between the three treatment groups in the studies of
Greenberg and colleagues (1996) and Lofberg and colleagues (1996) and the
mega-analysis. Upon reviewing the survival curves from the individual studies, it

was clear that these hazard functions were not parallel. thus the generalized

Wilcoxon test is more powerful than the log rank test (Lee. 1992). In addition.
the generalized Wilcoxon test gives more weight to early failures than the log
rank test (Lee. 1992). In these data. if a failure occurred. it was more likely to
occur earlier in the study than later. Thus the generalized Wilcoxon test is
considered to be more sensitive than the log rank test for these data.

Table 9: Median times to relapse or discontinuation of therapy (days) - Males versus Females
Variable
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Table 10: Relapse rates - Males versus Females

----

Table 11: P-values for the Fisher's exact test of the relapse rates by gender. with respect to the treatment groups
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(

Males

1 12 monlhs 1 0 104

Time

1 Lofberg et al.. 1996

1 Ferguson et al.. in press 1 Mega-Analysis

1 0.648

II

1 1 O00

II

Table 12: Log rank and Generalized Wilcoxon test statistics and p-values for the gender-stratified times to relapse or
discontinuation of therapy (as taken from the survival analyses for each study)
Test Statistic

Gender

Greenberg et al , 1996

tofberg et al , 1996

DF

Pvalue

DF

X"

X'

Ferguson et al , in press

Mega-Analysis

P-

DF

X'

Pvalue

DF

X'

Pvalue

value

Log Rank X'
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2
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0142

2

014

0931

2
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0177

2

043
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Log Rank X'

Female

2

2 46

O 292

2

449

0106

2
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O 762

2

1 2 65

O 266

Wilcoxon X?

Male

2

344

0170

2

O 00

0637

2

314

0208

2

165

0438

Wilcoxon x'

Female

2

5 65

O 059

2

8 36

0.015

2

O 36

O 836

2

8 40

0.075

,

From Table 9 above. differences are evident in the median times to relapse or
discontinuation of therapy between males and females. In 8 of the 12 treatment
groups, males had a longer median time to relapse or discontinuation of therapy
than females (2 of the budesonide 6 mglday groups. 3 of the budesonide 3
mglday groups. and 3 of the placebo groups).
From Table 10 above. the relapse rates at 3 months were generally highest for
males who received placebo. compared to those who received budesonide 3
mglday or budesonide 6 mglday. However. Ferguson and others (in press)
observed that males who received budesonide 6 mglday had the highest relapse
rates in comparison to those who received placebo or budesonide 3 mglday.

The relapse rates at 3 months were generally highest for females who received
placebo. followed by those who received budesonide 3 mglday or 6 mglday.
However. in the study of Greenberg and colleagues (1996). females who
received placebo had the highest rate of relapse compared to those who
received budesonide 6 mglday or budesonide 3 mglday. Ferguson and
colleagues (in press) reported that the highest rate of relapse was found in
females who received budesonide 3 mglday, in comparison to those who
received placebo or budesonide 6 mglday.
The 3 month relapse rates were consistently 15-20% higher in females than in
males.

At 12 months. the relapse rates did not dernonstrate any consistent pattern
according to gender. In the study of Greenberg and colleagues (1996) males
who received budesonide 3 mglday had the highest relapse rate. compared to
those who received placebo or budesonide 6 mglday: in the study of Lofberg and
colleagues (1996).males treated with 6 mglday of budesonide were found to
have the highest relapse rates in comparison to those treated with budesonide 3

mglday or placebo. Ferguson and colleagues (in press) reported that males who
received budesonide 6 mglday had the largest relapse rate compared to those
who received placebo or budesonide 3 mglday. The mega-analysis reported the
highest relapse rates in males who received budesonide 6 mglday or placebo
groups. cornpared to those who received budesonide 3 mglday.

There was little consistency between the treatment groups with respect to the
relapse rates which were assessed for females at 12 months. The study of
Greenberg and colleagues (1996) reported the highest rate of relapse for
females who received placebo cornpared to those who received budesonide 6
rnglday or 3 mglday. Lofberg and colleagues (1996) also reported the highest
relapse rate for females who received placebo. in comparison to those who
received budesonide 3 mg/day and 6 rng/day. Ferguson and colleagues (in
press) reported the highest relapse rate for females who received budesonide 3
mglday, compared to those who received budesonide 6 mglday or placebo. The
mega-analysis reported that the rate of relapse was highest for females who
received budesonide 3 mglday. cornpared to those who received placebo or
budesonide 6 mg/day.
At 12 months, the overall relapse rates for females were generally 10-20%
higher than those of males.
From Table 11. statistically significant differences in the relapse rates across
treatment groups existed only for females in the study of Lofberg and colleagues
(1996) and the mega-analysis (at 3 months only). Othewise. there were no
statistically significant differences in the relapse rates across treatment groups.
From Table 12 above, the log rank statistics and p-values did not reveal any
statistically significant differences in the time to relapse or discontinuation of
therapy for males or females across the treatment groups in either of the three

individual studies. However. in the study of Lofberg and colleagues (1996) and
the rnega-analysis, there was a significant effect of treatment in women. but not
in men (generalized Wilcoxon test only). As discussed following Table 8. the
generalized Wilcoxon test is considered more appropriate for these data.

Table 13: Adverse events
Variable

Greenberg et al., 1996

1 Lofberg et a l . 1996
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Table 14: P-values for the Fisher's exact test of the adverse events with respect to the treatment groups
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The proportion of patients who experienced adverse events was similar across
studies and treatment groups (Tables 13 & 14). The proportion of adverse
events by treatment group was slightly lower in the budesonide 3 mglday and
placebo groups in the Lofberg and colleagues (1996) study, while the placebo
group of Greenberg and colleagues (1997) had a greater proportion of patients
(88.6O/0)who experienced adverse events. The mega-analysis reported the

lowest proportion of patients who experienced adverse events in the budesonide
3 mglday group. followed by the placebo group. and the budesonide 6 mglday
group.

With respect to the proportion of corticosteroid-related adverse events. patients
who received budesonide 6 mg/day were at greatest risk. in comparison to those
who received budesonide 3 mglday or placebo for al1 analyses. with the
exception of the study of Ferguson and colleagues (in press). In the latter trial.
the proportion of patients who experienced corticosteroid-related adverse events
was highest in the budesonide 3 mglday group. followed by budesonide 6
mglday and placebo (p=0.198). The mega-analysis reported the smallest
proportion of patients with corticosteroid-related adverse events in the placebo
group, followed by the budesonide 3 mglday and budesonide 6 mglday groups
(p=0.004). Patients who were treated with budesonide were expected to have a
greater chance of experiencing corticosteroid-related adverse events. The
determination of a dose-response relationship between budesonide dose and
the occurrence of adverse events was also anticipated.

One must interpret these gender-stratified data with caution since a small
number of patients with adverse events (or corticosteroid-related adverse events)
exist in some of the groups and multiple cornparisons have been performed.

From Table 15 above. females tended to have a 10-15% higher rate of both
adverse events and corticosteroid-related adverse events than males. In the
study of Ferguson and colleagues (in press) females who received budesonide 6
mglday tended to have a lower rate of corticosteroid-related adverse events than
females who received the other treatments (p=0.318). This lower rate of
corticosteroid-related adverse events may be due to the small numbers of events
and patients in the subgroups. causing the rates to be unstable. However. this
finding may also be due to a lower rate of cornpliance with the study medication
in this particular study and subgroup of patients. It is also possible that this study
utilized different methods of reporting adverse events. Given the nurnber of
countries involved in this study (20 centres and 8 countries versus 23 centres
and 1 country in Greenberg et al.. 1996. and 11 centres and 6 countries in
Lofberg et al.. 1996). the consistency of reporting of adverse events may have
been a problem. However. if this were true. it would also be expected that males
would have sornewhat lower rates of corticosteroid-related adverse events
compared to other studies. One would also expect lower rates of these adverse
events in the other treatrnent groups in this study. This was not the case.
Reviewing the proportions of these adverse events in the other studies. the
general trend was dose related: the rates increased with dose. However. in the
Ferguson study. the rates for males were highest in the budesonide 3 mg/day
group. followed by the 6 mg/day group and placebo group. Females who
received budesonide 3 mglday had the highest rate of corticosteroid-related
adverse events however. followed by the placebo and budesonide 6 mg/day
groups. Therefore. the rates of corticosteroid-related adverse events in this
study are different from those reported in the other studies. This difference may
be due to one of the expianations given above.

From Table 16. only males in the mega-analysis demonstrated a statistjcally
significant difference in the occurrence of corticosteroid-related adverse events
across treatrnent groups.

Table 18: P-values for the Fisher's exact test of the withdrawals with respect to the treatment groups

I Variable

1 Greenberg et al,, 1996

1 Lofberg et al.. 1996

1 Ferguson et a l . in press 1 Mega-Analysis

Withdrawals due to
Treatment Failure

O .968

0.230

0.805

O.588

Withdrawals due lo Adverse
Events

0.211

0.088

O.194

0.636

Withdrawals for Olher
Reasons

1.000

O 617

O 747

O 616

I

In these studies. patients who experienced treatment failure were withdrawn.
The three studies and the mega-analysis did not demonstrate any significant
differences across the treatment groups with respect to any of the three types of
withdrawals (Table 18. p 0.088).

The three treatment groups were comparable with respect to the rate of
withdrawals due to treatment failure. However. the study of Ferguson and
colleagues (in press) tended to have a lower rate than the other two trials. The
mega-analysis reported that the proportion of withdrawals due to treatment
failure was lowest in the budesonide 6 mglday group. followed by the 3 mglday
and placebo groups.
The proportion of patients who where withdrawn due to adverse events ranged
from 0-9.1% across the studies and treatrnent groups. There was no obvious
trend in the studies or treatment groups with respect to the withdrawals due to
adverse events. However. the mega-analysis demonstrated that the overall rate

of withdrawals was highest in the placebo group and lowest in the budesonide 6
mglday group. However. the number of patients withdrawn was srnail ( 5) in all
treatment groups so the interpretation of these findings is difficult.

The rate of withdrawals due to other reasons were similar across treatment
groups and studies with the rate of withdrawals for other reasons less than 10%.
The mega-analysis detected the highest rate of withdrawals due to other reasons
in the budesonide 6 mglday group, followed by the placebo and 3 mglday group.
It should be recognized that although the rates Vary, the number of withdrawals
was only 1-3 per treatrnent group, with the greatest number of patients
withdrawn in any one treatment group being 5 (mega-analysis).

Table 19: Withdrawals - Males versus Females
Gender

Greenberg et al , 1996

!t a l , 1996
placebo

Number of
Patients
withdrawn due
to Treatment
Failure

Males

Number of

Patients
withdrawn due
(O Treatnient
Failure
Number of
Patients
withdrawn due
to Adverse
Events

Males

Number of
Patients
withdrawn due
to Adverse
Events

Females

Number of
Patients
withdrawn for
Other Reasons

Males

Ferguson et al , in press
placebo

Mega-Analysis
placebo

Y,

al
-

(II

5

LI

Table 20: P-values for the Fisher's exact test of the withdrawals by gender, with respect to the treatment groups
Gender
Males
Females

I

Variable

Lofberg et al., 1996

Mega-Analysis

NA

O 794

Withdrawals due to
Treatment Failure
O 321

O 583

fernales

Withdrawals due to
Adverse Events

0.54 1

O 296

Withdrawals for Other
Reasons
Females

Ferguson et al., in
press

Withdrawals due to
Treatment Failure

Withdrawals due to
Adverse Events

!

I

Greenberg et al , 1996

Males

l

'

1
I

Wilhdrawals for Other

1

NA
1 .O00

0 819

Reasons
N 6 NA deiiotes that the x.' lest was iiot perforriied silice ttiere were rio events in aiiy Irealiiieiil group in the study

When these data were stratified by sex. there did not appear to be any
significant differences in males or females across the treatment groups. in any of
the three types of withdrawals (Table 20. p 0.176)

The rate of withdrawals due to treatment failure were similar across the studies
and treatment groups. However. females usually demonstrated a 5-10% higher
rate of withdrawal than males. From the results of the mega-analysis. the rate of
withdrawals due to treatment failure was highest in males who received placebo.
while the other two groups had a slightly lower rate. The rate was highest for
females who received budesonide 3 mglday. in comparison to females who
received placebo or budesonide 6 mglday.
There was no obvious pattern in withdrawals due to adverse events across
studies or treatment groups. In the mega-analysis. males who received
budesonide 3 mglday demonstrated a higher rate of withdrawals, compared to
those who received placebo. There were no males withdrawn from the
budesonide 6 mglday group. On the other hand. females who received placebo
had a higher rate of withdrawal than those who received budesonide 6 mglday or
3 rnglday. Again, the number of these events is small, and their interpretation is
therefore difficult.

As with the withdrawals due to adverse events. there was no pattern in
withdrawals for other reasons. Females had higher rates of withdrawal than
males. possibly due to the influence of pregnancy (n=3). From the results of the
mega-analysis, males who received budesonide 6 mglday demonstrated the
highest withdrawal rate, in comparison to those who received placebo. No
withdrawals were obsewed for males who were treated with budesonide 3
mglday. Females who received budesonide 6 mglday had the highest rate of
withdrawals compared to those who received placebo or budesonide 3 mgMay.
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These results must be interpreted with caution. The numbers of withdrawals due
to adverse events and other reasons were smal1, particularly for the genderspecific cornparisons.
4.3

Results

4.3.1

Meta-Analyses

In this section. the Mantel-Haenszel pooled odds ratio is presented with a 95%
confidence interval. Where this interval excludes 1 there is a statistically
significant effect of one therapy over the alternative treatment. In respect to the
cornparison of relapse rates. a Mantel-Haenszel pooled odds ratio c 1 depicts a
benefit in favour of the higher dose budesonide groups (6 mg/day or 3 mglday).
However. when interpreting the adverse events and withdrawals data. a MantelHaenszel pooled odds ratio > 1 denotes a favourable effect toward the control
group (less adverse events than in one of the budesonide groups).

A p-value for the xi test of homogeneity c 0.10 denotes a lack of homogeneity.
and care must be taken in interpreting these results. A p-value c 0.01 has been
arbitrarily defined as severe lack of homogeneity where a qualitative approach is
more appropriate than a quantitative approach. When p>0.10. then the data are
sufficiently homogeneous to allow a statistical analysis of the pooled results.

There were insufficient data to conduct in-depth subgroup analyses. There were
also concems regarding both multiple testing and the lack of statistical power for
some comparisons. Thus. subgroup analyses were restricted to the analyses
which were stratified by gender. It was hypothesized based on the individual
trials that there may be differences in clinicai efficacy between males and
fernales. If there are grounds for differences in clinicai efficacy, there may also
be grounds for differences in treatment toxicity (adverse events).

Based on Table 21 above. there is evidence for a lack of hornogeneity in the
comparison of budesonide 6 mg/day and 3 mg/day in males at the 12 month
period. This can be explained by the differences in the relapse rates between
studies for this subgroup: the 3 mg/day group in the study of Ferguson and
colleagues (in press) had a 30-35% lower rate of relapse than the 6 mglday and
placebo groups, unlike the other two studies where the relapse rate was higher
in the 3 mg/day group. The relapse rate in the Greenberg (1996) budesonide 6
mg/day group was 40% lower than the corresponding 3 mglday group. whereas
the rate in the Lofberg (1996) budesonide 6 mg/day group was 10% greater than
the 3 mglday group.

Without access to the gender-stratified demographic table as in Table 3. we
were unable to explore other possible causes of the lack of homogeneity. As
discussed following Table 3. the study of Ferguson (in press) appeared to have
healthier patients. with a lower mean and median CDAI. As well. the proportions
of patients with previous resection were lower in the budesonide 6 mglday group.
and higher in the 3 mg/day group. The mean and median time since resection
was also lower in this study. These data. if stratified by gender. may suggest
other causes for the lack of hornogeneity in the outcome of relapse at 12 months
for this subgroup of males.

Statistical differences in the relapse rates were found only in the comparison of
budesonide 6 mglday and placebo at 3 months. overall and in women. There
was no significant effect of therapy at 12 months in any group or subgroup.

These results irnply that budesonide 6 mglday is more effective in females than
in males. in maintaining remission at three months. However. this effect was not
present at 12 months. There does not appear to be any beneficial effect of
budesonide in reducing the risk of relapse in males at either 3 or 12 months.

Table 22: Mantel-Haenszel pooled odds ratios of adverse events

1 Budesonide 6 mg vs 3 mg
2

% Homo
Adverse everits overall
-

0.01

p-value
0.995

d.f

2

Budesonide 6 mg vs placebo
OR
(95'10 CI)

1 53

(O 79-2.94)

--

Adverse events -

(111

10574

12

1129
(O 48-3 48)

Adverse events females

10.91

10634

12

1185
(O 76-4 51)

Corticosteroidre!ated adverse
events - males

1 74

O 419

2

1 80
(O 56-579)

Corticosleroidrelaled adverse
1events - females

3 58

O 167

2

Corticosteroidrelated adverse
events - overall
-

1 24

(O 55-279)

2

% Homo

1

p-value

1 1
cî f

OR
(95% CI)

Budesonide 3 mg vs placebo
p-value
Homo

Based on Table 22 above. there were no significant differences in the proportion
of adverse events in any of the treatment comparisons overall or in either sex.
However, with respect to corticosteroid-related adverse events. significant
differences were apparent in the comparisons of budesonide 6 mglday with
placebo (overall and in both sexes). and budesonide 3 mglday with placebo
(overall. but not in either sex individually). No difference existed in the rate of
corticosteroid-reiated adverse events between the two budesonide dose groups.

These data suggest that there was no difference in the proportion of adverse
events according to treatment group. However. upon examination of the
corticosteroid-related adverse events. there were significant differences between
budesonide 6 mglday compared with the placebo. and an increased proportion
of these adverse events in the budesonide 3 mglday group compared to placebo
(significant overall. but not in either males or fernales).

-

N
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C
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In reference to Table 23. there were no significant differences in the rate of any
of the three types of withdrawals across treatment groups and gender. This was
not surprising particularly for withdrawals due to adverse events or for other
reasons. since most of these comparisons were based on a relatively small
numbers of events. Thus. the confidence intervals were wide.
4.3.2

Mega-Analysis

Some of the data presented and discussed in this section were also presented in
Section 4.2 (Characteristics and Description of the Three Trials). The crude
odds ratios of relapse. adverse events. and withdrawals are presented in Tables
24-26 in Section 4.4.
The median times to relapse or discontinuation of therapy was 228 days for
patients in the budesonide 6 mglday group. 151 days for patients in the
budesonide 3 mglday group. and 108 days for patients in the placebo group
(p=0.013: Tables 4 and 8). There was no difference between the two
budesonide groups (p=0.110). but budesonide 6 mglday had a significantly
longer period of remission than placebo (p=0.005) as did budesonide 3 mglday
(p=0.041; Table 5).
However. when the data were stratified by gender, there was a difference in the
rnedian tirne to relapse or discontinuation of therapy. Males in the budesonide 6
mglday group had a median of 270 days. compared to females (207.5 days). In
the budesonide 3 mglday group. the median for males was 268 days compared
to 122.5 days for females, and in the placebo group. the median was 171.5 days
for males and 64 days for females. From Table 12. there is a significant effect of
therapy in females (p=0.015) but not in males (p=0.438) with respect to the
length of time in remission. This implies there were no differences in males
across the treatment groups with respect to the length of time in remission.

However. in fernales. the length of tirne in remission was significantly different
across the treatment groups. in a dose-response fashion.
Cox regression rnodelling was performed to account for several variables which
may affect treatment efficacy and the time to relapse or discontinuation of
therapy. These models accounted for the treatment group. CDAl at entry to the
induction of remission study. CDAl at entry to the maintenance of remission
study. study itself. previous treatment. sex. age. disease location. previous
resection, plasma cortisol, adrenal function. disease duration, and
arthritislarthralgia. Since we were primarily interested in the effects of treatment
and gender, only the results of these models are presented here - the hazard
ratios control for only one of these variables at a time in the regression models.
That is. separate models were analyzed for the treatment effect. and the gender
effect. Because there are three treatment groups. the hazard ratio presented is
for budesonide 3 mglday compared to 6 mgfday. and placebo compared to
budesonide 3 mglday. To compare placebo and budesonide 6 mglday. the
square of the hazard ratios must be calculated.
Hazard ratios greater than one are interpreted as the increase in the hazard
(relapse) rate as the budesonide dose decreases. Thus. an increasing hazard
ratio irnplies that the lower dose produces more relapses than the higher dose.
For example. a hazard ratio of 1.50 indicates that the relapse rate for
budesonide 3 mglday is higher than that of budesonide 6 mg/day, and greater
for placebo than budesonide 3 mglday.
With respect to the time to relapse or discontinuation of therapy. the hazard ratio
was 1.16 (p=0.10) indicating no statistically significant difference between the
budesonide 3 mglday and 6 mglday. or budesonide 3 mglday and placebo.

Upon examination of the time to relapse or discontinuation of therapy with
respect to gender. the hazard ratio was 1.41 (p=0.022) indicating that males had

a significantly lower relapse rate as cornpared to females.
In the first 90 days, however. the hazard ratio of the time to relapse or
discontinuation of therapy was 1.66 (p<0.001). This irnplies that the relapse rate
was greater in the placebo than in the budesonide 3 mglday groups. and greater
in the budesonide 3 mglday group than the budesonide 6 mglday group.

With respect to gender. however. the hazard ratio of the time to relapse or
discontinuation of therapy was 1.90 (p=0.007). This implies that the relapse rate
in males was significantly lower than that of females.
Afier 90 days. the hazard ratio of the time to relapse or discontinuation of
therapy was 0.87 (p=0.25). This indicates that the relapse rates did not differ
among the three treatment groups.

Comparison of the survival curves with respect to gender yielded a hazard ratio
of 1.13 (p=0.54).This indicates that the males and females did not differ with
respect to the relapse rate after 90 days.
One component of e f k a c y is treatment toxicity. as measured by the rate of
adverse events and withdrawals. In the case where two drugs are comparable in
terms of the efficacy, the risk of adverse effects may be the deciding factor as to
which drug is recommended.

The rate of adverse events was 75.6%. 67.O0/0.and 73.9% in patients who

received budesonide 6 mg/day, budesonide 3 rnglday and placebo. respectively
(Table 14. p=0.423).

With respect to adverse events, 71.4%. 60.6O/0. and 62.9% of males who
received budesonide 6 rnglday. budesonide 3 mg/day and placebo. respectively
experienced these events (Table 16: males: p=0.714). In females. the rates of
adverse events was 79.2%. 67.3%. and 81.1O/O in these groups. respectively
(Table 16: females: p=0.208).

The rate of corticosteroid-related adverse events was 31.1%, 23.9%. and 10.2%
in patients who received budesonide 6 mg/day. budesonide 3 mg/day and
placebo. respectively (Table 14. p=O.O04).

The occurrence of corticosteroid-related adverse events were also examined
with respect to gender. In males. the rate of corticosteroid-related adverse
events was 26.2%, 18.2%. and 2.9% in patients who received budesonide 6
mgfday, budesonide 3 mglday and placebo. respectively (Table 16. p=0.013). In
females. the rates were 35.4%. 30.9%. and 17.0% in these groups. respectively
(Table 16. p=0.085). We do not know why there is a significant difference in the
incidence of these adverse events in males but not in females. One possibility is
the lack of power in these cornparisons (type II error). Another possible
explanation is that the difference between males and females with respect to
these adverse events is real. Gender differences in the reporting of adverse
events to a physician may also explain these observations.

Treatment failure was the cause of withdrawal in 52.2%, 59.1%. and 61 -4% of
patients who received budesonide 6 mglday. budesonide 3 mglday. and
placebo. respectively (Table 18. p=0.588).

However, when these data were stratified by gender. 50.0%. 50.0%. and 58.3%
of male patients who received budesonide 6 mglday. budesonide 3 mglday. and
placebo, respectively, were withdrawn due to treatment failure (Table 20,

p=0.747).Of the female patients. 54.2%. 62.5%. and 61.1% were withdrawn

due to treatment failure in these groups (Table 20. p=0.693).
The occurrence of adverse events was the cause of withdrawal in 2.2%. 4.5%.
5.7% of patients who received budesonide 6 mglday. budesonide 3 mgfday. and
placebo. respectively (Table 18. p=0.636).

No males in the budesonide 6 mg/day group were withdrawn due to adverse
events, however, 5.9%. 5.6% of male patients who received budesonide 3
mg/day. and placebo. respectively were withdrawn due to adverse events (Table
20. p=0.254). Of the female patients in these groups. 4.2%. 3.6%. and 5.6%
were withdrawn due to adverse events (Table 20. p=0.895).
There were 5.6%. 2.3%. 3.4% of patients who were treated with budesonide 6
mgfday. budesonide 3 mg/day. and placebo. respectively. withdrawn for other
reasons (Table 18. p=0.616).

Upon stratification by gender. 4.8%. 0.0%. 2.8% of male patients who received
budesonide 6 mglday. budesonide 3 mglday, and placebo. respectively. were
withdrawn for other reasons (Table 20. p=0.774). Of the female patients. 6.3%.
3.6%. and 3.7% were withdrawn for other reasons in these groups (Table 20.
p=0.794).
Therefore. there is evidence of a treatrnent effect with respect to the relapse
rates, particularly within the first three months, but this effect was not sustained
at 12 months. However, in terms of the median time to relapse or
discontinuation of therapy, a dose-response relationship existed and was
statistically significant overall and in fernales. but not in males. Overall, and in
males, there was a significant difference in the corticosteroid-related adverse
events with respect to treatment. However. there were no statistically significant
differences in the rate of occurrence of adverse events or withdrawals between

the treatrnent groups.

4.4

Comparîson of the Results of Meta- and Mega-Analysis

The results obtained by the meta-analysis (the Mantel-Haenszel pooled odds
ratio) were compared to the results of the mega-analysis (the crude odds ratio)
using the approach of Villar and others (1997) as described previously.

Table 24: Cornparison of Mantel-Haenszel pooled and crude odds ratios of relapse based on the times to relapse or
discontinuation of therapy
Analyses

Meta-Analysis
MH Odds
Ratio (95% CI)

Time

Budesonide
6mgvs3
mg

Budesonide
6mgvs3
mg - males

6 mg vs
placebo -

6 mg vs
placebo -

3
moiiths

3
monlhs

Mela-Analysis
MH Odds
Ratio (95% CI)

l2
monlhs

Mega-Analysis
Crude Odds
Ratio (95% CI)
Ratio of Odds
Ralio (95% Cl1

Budesonide
3 mg vs
placebo males

O 69

O 63
(O 23-1 73)

(O 38- 1 25)

Mega-Analysis
Crude Odds
Ratio (95O/0 CI)
Ratio of Odds
Ratios (95"/0
CI)

Budesonide
3 mg vs
placebo

(O 41 -2 37)
IOg8

(O 23-4 20)
IOg9

(O 48-1 76)

(O 38-256)

12
monlhs

O 95
(O 50.1 80)

1 09
( O 42-2 83)

O 90
(O 37-2 16)

O 95
(O 50- 1 80)

1 QO
( O 39-2 57)

O 94
( O 39-2 27)

12
months

O 97
(O 39-2 40)

O 91
(O 24-3 49)

1 03
(O 30-3 581

O 97
(O 39-2 40)

1 04
(O 27-3 95)

O 99
(O 28-3 44)

log2 logg

Budesonide 3
mg vs
placebo females

Bud 6mglday vs 3mglday
Relapses a l 12 monliis - overall

Bud 6mglday vs Placebo

Bud 6mglday vs 3mglday

Bud Gmglday vs 3mglday

Relapses al 12 morilhs - males

Relapses at 12 months . lemales

Bud 6mglday vs Placebo

Bud 6mglday vs Placebo

Relapses at 12 monlhs oveiall

Relapses al 12 niotitiis - leniaies

Relapses al 12 inonllis . males

1-1 '

Bud 3mglday vs Placebo
Relapses ai 12 nionihs . overali

Bud 3mglday vs Placebo

Bud 3 mglday vs Placebo

Relapses al 12 nionihs iiiales

1

Relapses at 12 nionttis - teinales
I

Table 25: Cornparison of Mantel-Haenszel pooled and crude odds ratios of adverse events
Analyses

Outcome

MetaAnalysis MH
Odds Ratio
(95% CI)

Adverse
Events

MegaAnalysis
Crude Odds
Ratio (95%
CI)

Adverse
Events

Ratio of Odds
Ratios (95%
CI)

Adverse
Events

MetaAnalysis MH
Odds Ratio
(95% CI)

CorticosleroidRelaled
Adverse
Evenls

MegaAnalysis
Crude Odds
Ratio (95%

CorticosteroidRelated
Adverse
Events

CI)
Ratio of Odds
Ratios (95%
CI)

CorîicosteroidRelated
Adverse
Events

Budesonide
6 mg vs 3
m9

Budesonide
6 nig vs 3
mg - males

Budesonide
6 mg vs 3
nig femates

Budesonide
6 mg vs
placebo

Budesonide
6 mg vs
placebo males

Budesonide
6 nig vs
placebo femaies

Budesonide
3 nig vs
placebo

Budesonide
3 mg vs
placebo males

T
(1.25-6.38)

(O 79-22IO)

Budesonide
3 mg vs
placebo females

Figure 3: The Mantel-Haenszel pooled and crude odds ratios of adverse events. and the corresponding ratios of the odds
ratios
Bud 6mglday vs 3 mglday

Bud 6mglday vs 3 mglday

Adverse evenls - oveiall

Bud 6mglday vs Placebo
Adverse evenls . overall

Bud 3mglday vs Placebo
Adverse evenls - overall

Adverse eveiits . ferilales

Bud Gmglday vs Placebo
Adverse events - i u l e s

Bud 3mglday vs Placebo
Adveise evenls - niales

Bud 6mglday vs Placebo
Adverse evenls . leniales

Bud 3mglday vs Placebo
Adverse evenls - teniales

Table 26: Cornparison of Mantel-Haenszel pooled and crude odds ratios of withdrawals

1

Analyses

Oulcome

Budesonide
6 mgvs 3
mg

Budesonide
6mgvs3
mg - males

Budesonide
6mgvs3
mg females

Budesonide
6mgvs
placebo

Budesonide
6 mg vs
placebo males

Budesonide
6 mg vs
placebo females

Meta-Analysis
MH Odds Ratio
(95% CI)

Withdrawals
due to
Trealment
Çailure

O 77
(O 43- 1 40)

O 92
( O 37-2 32)

O 74
(O 34- 1 63)

O 72
(O 39- 1 30)

O 73
(O 30- 1 81 )

O 74
( O 33- 1 66)

Mega-Analys~s
Crude Odds
Ratio (95% CI)

Withdrawals
due 10
Treatment
Failure

O 80
(O 44- 1 44)

1 O0
(O 40-2 47)

0 71
( O 32-1 55)

O 73
(O 40-1 32)

O 71
(O 29- 1 75)

O 75
(O 34- 1 65)

Ratio of Odds
Ralios (95"/n
cl)

Withdrawals
due I o
Treatment
Failure

O 96
(O 42-2 21)

O 92
(O 26-3 3 1 )

1 04
(O 34-3 16)

O 99
(O 43-2 27)

1 03
(O 29-3 66)

O 99
(O 32-3 01 )

Meta-Analysis
MH Odds Ratio
(95% CI)

Wilhdrawals
due to
Adverse
Evenls

O 57
(O 12-2 67)

O 29
(O 03-2 95)

1 09

(O20-5 90)

O 55
(O 15-1 99)

O 23
(O 02-2 39)

O 88
(O 2 1-3 66)

Mega-Analysis
Crude Odds
Raiio (95% CI)

Wittidrawals
due to
Adverse
Events

O 49
(O 09-2 74 )

0 15
(O 01 -3 30)

1 17
(O 16-8 67)

O 39
(O 07-2 05)

O 16
(O 01-3 50)

O 74
(O 11-4 62)

Ratio of Odds
Ratios (95%
CI

Withdrawals
due to
Adverse
Evenls

1 16
(010-1331)

1 93
(003148 66)

O 93
(O 06- 15 74)

141
(O 13-14 89)

1 44
(O 02110 36)

1 19
(O 09- 15 89)

Meta-Analysis
MH Odds Ratio
(95% CI)

Wilhdrawals
for Olher
Reasons

2 27
(O 50-10 37)

3 31
(O 32.34 23)

1 96
(O 31-12 46)

1 66
(O 38-7 27)

1 69

1 63
(O 25-10 51 )

(O 20-14 51)

Budesonide
3 mg vs
placebo

Budesonide
3 m g vs
placebo males

Budesonide
3 mg vs
placebo females

Analyses

Ouicome

Mega-Analysis
Crude Odds
Ratio (95% CI)

Withdrawals
for Other
Reasons

Ratio of Odds
Ratios (95%
Ci)

~~IcJ~s
for Other

l

Budesonide
6mgvs3

Budesonide
6rngvs3
mg - males

Budesonide
6mgvs3
mg females

Budesonide
6mgvs
placebo

2 59
(O 49- 13 70)

4 26
(O 20-91 77)

1 80
(O 29- 1 1 25)

171
(O 40-7 36)

IO88
(O 08-9 26)

Budesonide
6 mg vs
placebo males

Budesonide
6 mg vs
placebo females

Budesonide
3 mg vs
placebo

Budesonide
3 mg vs
placebo males
O 34
( O 01-8 71)

Budesonide
3 mg vs
placebo females

n
C

-

r
s
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Based on the above tables and figures, the odds ratios and the 95% confidence
intervals about the odds ratios for the meta- and mega-analyses were quite
similar. although the confidence intervals were wide. However. using the
similarity critefia of Villar and colleagues (1997). the ratios of the odds ratios
suggested very low similarity. This implies that there is a lack of evidence to
support the hypothesis of similarity between the results of the meta- and megaanalyses presented here. This conclusion is based on the width of the
confidence interval which represents the amount of uncertainty in the estimate of
the odds ratios from the meta- and mega-analysis. This uncertainty is directly
related to the number of studies and patients included in the studies. Thus. the
most likely explanation for the lack of evidence for similarity was the small
number of studies which were included in the analysis.

The ratios of the hazard ratios were not computed since this was not considered
as clinically meaningful as the ratio of the odds ratios. Since the odds ratios
were computed for 3 and 12 months. for al1 patients. and in subgroups. the ratio
of the hazard ratios would not add any additional information. Additionally. there
was evidence from the studies of Greenberg (1996). Ferguson (in press) and the
mega-analysis that the proportional hazards assumption was not satisfied.
Therefore. pooling of hazard ratios would be misleading .

Chapter 5 - lnterpretation

5.1

Discussion and Limitations

5.1.1

Clinical

Budesonide therapy at a dose of 6 mglday significantly prolonged the period of
remission in cornparison to budesonide 3 mglday and placebo (Table 8:
p=0.013). The meta-analysis confirmed this result with evidence of a significant
effect of therapy at 3 months. but not at 12 months. in terms of the odds ratios.
At 3 months, the relapse rates in the budesonide 6 mg/day and placebo groups

were significantly different (overall and in fernales. but not in males). There were
no significant differences in the relapse rates between budesonide 6 mglday and
3 mgfday. and budesonide 3 mg/day and placebo (overall or in either sex)
(Tables 21 & 24).

At 12 months, there were no significant differences in the relapse rates overall or
in either sex in any of the treatment comparisons. The odds ratios were very
close to one, and the confidence intewals were wide (Tables 21 & 24).

In summary. these results demonstrate that although there is evidence of a
biological effect of budesonide. the importance of a clinical effect is
questionable.
Budesonide therapy was well tolerated. There were no significant differences in
the proportion of patients with adverse events among the treatment groups
Tables 22 8 25). However. there were significantly more corticosteroid-related
adverse events in the budesonide 6 mglday group as compared to placebo
(overall and in both sexes; Tables 22 & 25). There were also significantly more

corticosteroid-related adverse events in the budesonide 3 mglday group
compared to placebo (overall. but not in either sex; Tables 22 & 25). The
proportion of patients with corticosteroid-related adverse events in the
budesonide 6 mglday group was not significantly different from the budesonide 3
mg/day group (overall and in both sexes: Tables 22 & 25). The proportion of
patients who experienced corticosteroid-related adverse events supported a
dose-response relationship (Table 14: p=0.004).

There were no significant differences in the odds ratios between any of the
treatment groups in withdrawals due to treatment failure. adverse events. or

other reasons (Tables 23 & 26). However. the confidence intervals for many of
these cornparisons were extremely wide due to the small numbers of events and
patients in some of the subgroups.
With respect to withdrawals due to treatment failure. and withdrawals due to
adverse events. there appeared to be smaller proportions of these withdrawals in
the budesonide 6 mglday group (Table 17). However. the rate of withdrawals for
other reasons showed a slightly larger proportion of withdrawals in the
budesonide 6 mglday group. compared to placebo and budesonide 3 mglday
(Table 17).

Thus. budesonide 6 mgfday exerted a modest beneficial effect on disease
activity, however. corticosteroid-relatedadverse events occurred more frequently
in patients treated with budesonide 6 rnglday.

However, the use of the last value extended method for data extraction may
suggest that the treatment is more effective than it actually is. Thus. the odds
ratios may be overestimated by using this method.

5.1.2

Meta-Analysis Versus Mega-Analysis

The confidence intervals about the ratios of the odds ratios indicated very low
similarity between the results of the rneta- and mega-analysis. due to the width of
the confidence interval. Consequently. there is a lack of evidence to support the
hypothesis of similarity between the results of meta- and mega-analysis.

The small number of RCTs available for the analyses is one likely explanation for
our findings. Although the odds ratios and confidence intervals of the meta- and
mega-analysis were approximately equal in al1 comparisons. the confidence
intervals about the odds ratios were wide. Thus. there was a considerable degree
of uncertainty in the estimate of the odds ratio. This was demonstrated in al1
comparisons. This uncertainty was more pronounced when the ratio of the odds
ratios was cornputed. All ratios (and confidence intervals) of the odds ratios
indicated that a very low similarity existed between the results of the meta- and
mega-analysis of oral budesonide for maintenance of remission in Crohn's
disease. Hence. we cannot draw any conclusions as to the superiority of megaanalysis over meta-analysis (or vice versa). due to the lack of evidence to support
the hypothesis of similarity.
Sample size calculations for a single equivalence trial. based on Jones. Jarvis.
Lewis and Ebbutt (1996) suggest that up to 1050 patients may be required to
assess the equivalence of meta- and mega-analysis based on &IO, and 4200
patients for A=5. These calculations were based on a binary outcome with
a=0.05. P=0.80. and various event rates. The calculations were performed
comparing each treatment group by meta- and mega-analysis. That is, the
proportion of patients experiencing relapse in the budesonide 6 mg/day group
derived from the meta-analysis were compared to the proportion of patients
experiencing relapse in the same treatment group as derived from the megaanalysis.

However. the sample size required to assess the equivalence of the results of
meta- and mega-analysis would be much larger than that required for
assessment of equivalence in a single clinical trial. Villar and colleagues (1997).
compared the results of a single large perinatal trial to a meta-analysis on the
same topic excluding the data from this trial. In the cornparison illustrating very
high sirnilarity. over 27000 patients from 5 trials were included in the analyses. In
those comparisons demonstrating medium similarity. the number of studies was
6-15 with approxirnately 2100-5700 patients in total. This suggests that Our study
was much too small to assess the equivalence between the results of meta- and
mega-analysis.

Since the ratio technique highly depends on the number of studies. and the width
of the confidence interval. these patients should be from as few studies as is
possible to obtain the maximum sarnple size. Several studies with fewer patients
will not decrease the width of the confidence intewal, as compared to fewer
studies with larger numbers of patients.
The confidence interval about the ratio of the odds ratio, however, is not
interpreted in the same manner as the confidence interval about an odds ratio.
This confidence intewal is strictly used as a means to classify the two methods
into varying degrees of similarity. We cannot Say that 95% of the time. the ratio
of the odds ratio will fall into the specified confidence interval. since repeating this
investigation will lead to exactly the same conclusions when the same studies and
patients are evaluated.

Additionally. the ratio method does not consider the consistency of results across
studies. For example, assume eight studies each with 20 patients yield odds
ratios of approximately 0.4 (95%CI: approximately 0.2 to 0.9). deriving a pooled
odds ratio of 0.5 (95%CI: 0.4-0.9) and one larger study Say. with 200 patients.
yields an odds ratio of 1.3 (95%CI: 1.1-0.1.5). The ratio technique will favour the

results of the single study since its confidence interval is narrower than that
provided by the meta-analysis of the eight smaller studies. even though these
studies consistently showed the same result. In such a case. examination of
possible sources for the lack of homogeneity of the results is crucial.

Given the low power of the ratio technique. an alternative approach to comparing
the results of meta- and mega-analysis is the cornparison of the odds ratios and
confidence intervals. Since the confidence intervals for the meta-analysis
included the odds ratio derived in the mega-analysis. and the confidence interval
for the mega-analysis included the odds ratio of the meta-analysis. we suggest
that these two methods are equivalent. This equivalence was found in al1
comparisons.

Another limitation of this study is the large number of statistical tests which were
performed. For each outcorne. there were 9 confidence intervals computed about
the odds ratio. Six of these 9 comparisons were subgroup analyses to examine
the effect of treatment in males and females separately. These exploratory
analyses must be interpreted with caution given the small number of events in
some of these subgroups.
Caution is also warranted in the interpretation of the statistical inferences of the
analyses of adverse events. and withdrawals. particularly in the subgroup
analyses since these analyses are based on a small number of events and may
be unreliable.
Our partnership with Astra Draco was fundamental in obtaining the necessary
data. particularly the gender-stratified data. Without these data. the rnetaanalysis would have been limited to the relapse rates at 12 months. It would
have been impossible to examine relapse rates at 3 months or gender differences
in the outcornes without the additional data. Likewise, there would have been

difficulties exarnining adverse events. and withdrawals. The published reports
and manuscripts did not contain the necessary data for an in-depth metaanalysis. However. such accessibility to data held by pharmaceutical companies
is a rare circumstance. Data such as these. if they are not available in the public
domain are a primary source of bias. Under the auspices of the Cochrane
Collaboration. discussion is undemvay on how to obtain such data from
pharrnaceutical companies without compromising intellectual property rights. It is
hoped that organizations such as the Pharmaceutical Manufactures Association
of Canada will play a role in encouraging the industry to share data with academic
investigators.

Based on these data. we do not recommend mega-analysis as a first approach to
summarizing the results of previous research. due to the time and financial
commitments required. As a first step, a comprehensive meta-analyses may be
performed, provided that the assumption of homogeneity is satisfied. If the
results of the meta-analysis are highly significant. then a mega-analysis which
accounts for covariates may be informative in identifying specific subgroups for
which the therapy is more effective. Additionally. if the homogeneity assumption
is not satisfied for the meta-analysis. then a mega-analysis may be valuable.
provided that a thorough investigation of the possible sources for these
differences is conducted.

5.2

Conclusions and Implications for Further Research

5.2.1

Clinical

There was evidence of a clinically important effect of budesonide at 3 months in
favour of the budesonide 6 mglday dose, although there was no evidence of an
effect at 12 months. Additionally. there was evidence of a biological effect of
budesonide throughout the study as indicated by the tirne to relapse or

discontinuation of therapy. Therapy with budesonide 6 rnglday significantly
extended the time in remission in comparison to placebo. This suggests that the
drug has a salutary effect on disease activity. This holds out the possibility that
this biological effect rnay be enhanced by using higher doses of budesonide. cointewentions (such as 5-ASA or prednisone). andior flexible dosing schedules.
These modifications in budesonide therapy rnay produce a clinically significant
benefit for the maintenance of remission. Future clinical trials are needed to
evaluate these strategies.
There was also evidence that males and females differ in the efficacy of
budesonide. In the comparison of budesonide 6 mgtday and placebo at 3
months, females demonstrated a significantly lower odds ratio of relapse in favour
of budesonide. while there was no difference in males. Relapse rates were

consistently 10-2096 higher in fernales than in males. These differences rnay be
due to the nurnber of males and females in the comparisons. Specifically. there
were generally 5-1 5 more fernales than males in each treatment group.
Therefore, the confidence intervals for females would be narrower than those of
males. sirnply because of larger numbers of patients. Henue. the lack of a
treatrnent effect in males rnay be a direct result of low power. Another possible
explanation for these findings is gender differences in hormones and the
metabolism of budesonide. To investigate this hypothesis. research rnay be
proposed to assess the therapeutic effect of the drug on post-menopausal
women not receiving hormone-replacement therapy. compared to those receiving
hormone replacement therapy. Determination of the reasons why females differ
from males with respect to treatment efficacy rnay have a significant impact on
the treatment of Crohn's disease in women.

Additionally. budesonide acts in the ileum and right colon. However. patients who
had extensive resections of this region of the bowel were included in the primary
studies for both the induction and maintenance of remission. Further studies are
needed to assess the relationship between the therapeutic effkacy of the drug.
and the extent of previous resections. as measured by the total length of the
ileum and right colon removed.

5.2.2

Meta-Analysis versus Mega-Analysis

We were unable to draw any conclusions about the superiority of rnega-analysis
over meta-analysis (or vice-versa). due to the width of the confidence interval
about the ratio of the odds ratios. These confidence intervals suggest that there
is a lack of evidence to support the hypothesis of similarity between the results of
meta- and mega-analysis. Therefore. other comparative studies must be
performed. These studies should consider clinical situations where a larger
number of trials and patients are available in order to test the equivalence of the
two methods. These studies should include the same trials and patients.

An alternative approach would be to summarize the data from the existing
cornparisons using the ratio technique of Villar and colleagues (1997). For such
analyses to be performed. it would be necessary to compute the ratio of the odds
ratios (or relative risks) of the previous eight studies which have compared the
results of meta- and mega-analysis. These computations would require
collaboration with the authors of each study in order to obtain the necessary data.
These data might then give a better picture of the relationship between the
number of studies and patients and the similarity of both ana lytical rnettiods.
These analyses are currently being performed by the author. However. the
results are not yet available for al1 studies.

Cornparison of the odds ratios or relative risks and the corresponding confidence
intervals is an alternative where there is low power for the ratio technique. This
assessment of equivalence is more powerful than a vote-counting technique.
since it considers both the magnitude and precision of the estimates. For
example. in the study of Clarke and Godwin (1997) presented earlier (Tablel), we
suggested that the meta- and mega-analysis gave different clinical
interpretations. However. using the confidence interval approach. we would
conclude that there is no statistically significant difference in the results derived
from meta- and mega-analysis. The other studies comparing the results of metaand mega-analysis should be compared in this manner as well.

Additionally, simulation studies may be performed to assess the theoretical
differences in the results of meta- and mega- analysis. Such simulation studies
should examine underlying differences between the results of rneta- and megaanalysis. and therefore lead to greater understanding of these methods of
analyses.

Appendix 1
Data Extraction Form
Budesonide for maintenance of remission in Crohn's disease

Instr~ctions:Please complete this form for each of the articles from which you have been
requested to extract data Please keep tn mind that this data will be published in a scientific
journal. and accuracy and completron in full are essential Where appropriate please complete
each item by filling in the blanks or circling the number corresponding to the appropriate
response. as retrieved from each article If the required information 1s flot available. please
denote such items as "NA' If only percentages are reported. please report these and denote by
a " O h " symbol Legends are available at the bottom of each table Please return the completed
form to
Lorinda Simms
PDC-15/16 LHSC-UC
339 Windermere Road
London. Ontario
N6A 5A5
Tel: 519-663-3300 x 4763
Fax: 5 19-663-3232
BY September 1. 1997

1. Title of Article:

2.Was this article published in a peer-reviewed journal7
1 YES
2 NO (go to Item 5)
3 UNSURE (please elaborate)

3. Journal Name:
4. Publication Date and ldentrfication

YEAR:
VOLUME.
ISSUE:
PAGE NUMBERS.

-

5. When was this trial completed or terminated?
YEAR

6. First author (last name. initiais):

7 . Location of Study (countries or continent):
8. Was this a rnultr-centre study7
1 YES
2. NO (go to Item 10)
3 UNSURE (please elaborate)

9. Number of centres involved:
10. How was remission defined (circfe al1 the apply)'
1 CDAl SCORE 150
2 ENDOSCOPlC FlNDlNGS
3 NOT DEFlNED
4 OTHER (please elaborate)
11 How was relapse defined (circle al1 that apply 17
1 CDAI SCORE 150
2. CDAl INCREASE OF 60 POINTS
3. WITHDRAWAL FROM STUDY AS DISEASE WORSENED AND FURTHER
TREATMENT WAS REQUIRED
4. ENDOSCOPlC FlNDlNGS
5 NOT DEFlNED
6 OTHER (please elaborate)

12. Were patients who relapsed withdrawn from the study7
1 YES
2. NO
3 UNSURE (please elaborate!

13. Was the data presented using the intention to treat principle7
1. YES
2 . NO
3. UNSURE (please elaborate)

# Patients with disease site ileum only
# Patienls with disease site ileum and colon (or
ileocaecal)
# Patients wilh disease site -

ascending colon only
# Patients whose remission
was induced with
Prednisotone
# Patients whose remission
was induced with Placebo

# Patients whose remission
was induced with
Budesonide 3 nig
# Patients whose remissioii

was induced with
Budesonide 6 mg
# Patients whose remission
was induced with
Budesonide 15 mg

N B.: s d. refers to the standard deviatioii

-

-

Adverse Events & Withdrawals
Placebo

Il# Adverse Events
# Patients with adverse
events

# Corticosteroid-related
adverse events
# Patients with corticosteroidrelated adverse events

I
Il

# Patients withdrawn

# Patients withdrawn due to
treatment failure

I

# Patients withdrawn due to

adverse events
# Patients withdrawn due to
corticosteroid-relaled
adverse events
# Patients withdrawn for

N.B.:s.d.refers to Ihe slandard devialion

I3mg

16mg

Total

Appendix 2
Graphical Display of the Results of MetaAnalysis
Figure 5: Relapse Rates at 3 Months

Figure 6:Relapse Rates at 12 Months

Figure 7:Adverse Events

Figure 9:Withdrawals due to Treatment Failure

Figure 10: Withdrawals due to Adverse Events

Figure 11 : Withdrawals for Other Reasons
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