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APPENDIX A SUMMARY TABLE OF THE GENERAL CHARACTERISTICS OF INCULDED STUDIES.

N Male Age

No. Author Year Stu.dy Orlgln Pf SuP B Case Control Case Control
’ design publication ethnicity
Case  Control

N %~ N % Mean Range Mean Range




APPENDIX B SUMMARY TABLE OF THE INFORMATION RELATED TO OUTCOME OF THE INCLUDED STUDIES.

Criteria/Definition of case and control Method Of.HLA
Diagnostic : genotyping
No. Author Year method Case Control
: T PP Case Control
Criteria/ Detail Criteria/ Detail

Definition Definition




HLA genotype............; ......... Quality assessment
using Newcastle-
Ottawa scale

Quality assessment using
Positive/Negative risk of bias scale use

Author Year

Case Control

' Scale Noted Scale Noted
Positive Negative Positive Negative :
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APPENDIX C TOOLS FOR ASSESS QUALITY OF THE STUDIES

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE
CASE CONTROL STUDIES
Note: A study can be awarded a maximum of one star for each numbered item within
the Selection and Exposure categories. A maximum of two stars can be given for
Comparability.
Selection
1) Is the case definition adequate?
a) yes, with independent validation *
b) yes, eg record linkage or based on self-reports
¢) no description
2) Representativeness of the cases
a) consecutive or obviously representative series of cases *
b) potential for selection biases or not stated
3) Selection of Controls
a) community controls * ,
b) hospital controls
¢) no description
4) Definition of Controls
a) no history of disease (endpoint) *
b) no description of source
Comparability
1) Comparability of cases and controls on the basis of the design or analysis

a) study controls for (Select the most important factor.) *

b) study controls for any additional factor * (This criteria could be modified
to  indicate specific control for a second important factor.)
Exposure
1) Ascertainment of exposure
a) secure record (eg surgical records) *
b) structured interview where blind to case/control status *

c) interview not blinded to case/control status



d) written self-report or medical record only
€) no description
2) Same method of ascertainment for cases and controls
a) yes *
b) no
3) Non-Response rate
a) same rate for both groups *
b) non respondents described

¢) rate different and no designation
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NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE
COHORT STUDIES

Note: A study can be awarded a maximum of one star for each numbered item within
the Selection and Outcome categories. A maximum of two stars can be given for
Comparability

Selection

1) Representativeness of the exposed cohort

a) truly representative of the average (describe) in the

community *

b) somewhat representative of the average in the

community *
¢) selected group of users e.g. nurses, volunteers
d) no description of the derivation of the cohort
2) Selection of the non-exposed cohort
a) drawn from the same community as the exposed cohort *
b) drawn from a different source
¢) no description of the derivation of the non-exposed cohort
3) Ascertainment of exposure
a) secure record (e.g. surgical records) *
b) structured interview *
¢) written self-report
d) no description
4) Demonstration that outcome of interest was not present.at start of study
a) yes *
b) no
Comparability
1) Comparability of cohorts on the basis of the design or analysis

a) study controls for (select the most important factor) *

b) study controls for any additional factor * (This criteria could be modified

to indicate specific control for a second important factor.)
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Outcome
1) Assessment of outcome
a) independent blind assessment *
b) record linkage *
c) self-report
d) no description
2) Was follow-up long enough for outcomes to occur
a) yes (select an adequate follow up period for outcome of interest) *
b) no
3) Adequacy of follow up of cohorts
a) complete follow up - all subjects accounted for *
b) subjects lost to follow up unlikely to introduce bias - small number lost - >
% (select an adequate %) follow up, or description provided of those
lost) * )
c) follow up rate < _ % (select an adequate %) and no description of those
lost

d) no statement



APPENDIX D TOOLS FOR ASSESS QUALITY OF THE STUDIES

The Cochrane Collaboration’s tool for assessing risk of bias

DPomain

determine whether intervention allocations could have been foreseen in advance of,
ar during, enrolment.

Description Review authers® judgement
Sequence generation Drescribe the method used to generate the allocation sequence in sufficient detail to Was the allocation sequence

allow an assessment of whether it should produce comparable proups. adequately generated?
AHocation concenlment Describe the method used to conceal the allocation sequence in sufficient detail to ‘Was allocation adequately

concealed?

Blinding of participants, personnel
and outcome assessors Assessments
should be made for eack main
sutcome (or class of eutcomes)

Describe all measures used, if any, to blind study participants and personnel ffom
knowledge of which intervention a participant received. Provide any information
relating to whether the intended blinding was effective.

Was knowledge of the
allocated intervention
adequately prevented during
the study?

Incomplete outcome data
Assessments should be made for cach
main outcoms (or class of ovicomes)

Describe the completeness of outcome data for each main outcome, including
attrition and exclusions from the analysis. State whether attrition and exclusions were
reported, the numbers in cach intervention group (compared with total randomized
participants), reasons for attrition/exclusions whene reported, and any re-inclusions in
analyses performed by the reviesy authors.

Were incomplete outcome data
adequately addressed?

Selective outcome reporting

State how the possibility of selective outcome reporting was examined by the review
authors, and what was found.

Are reports of the study frec of
suggestion of selective
outcome reporting?

Other sources of bias

State any important concerns about bias not addressed in the other domains in the
tool. 5
If particular guestions/entries were pre-specified in the review's protocol, responses

Was the study apparently free
of other problems that could
put it at a high risk of bias?

should be provided for each question/entry.

Possible approach for summary assessments outcome {across domains) within and across studies

Risk of bias Interpretation

Within a study

Across studies

Eow risk of bias

Plausible bias unlikely to seriously alter the
results.

Low risk of bias for all key domains.

Most information is from studics at low
risk of bias.

Unclear risk of'bias

Plausible bias that raises some doubt about
the results

Unclear risk of bias for one or more key
domains.

Most information is from studics at low or
unclear risk of bias.

High risk of' bias

Plausible bias that sericusly weakens
confidence in the results.

High risk of bias for one or more key
damains.

The prroportion of information from studies
at high risk of bias is sufficient to affect the
interpretation of the results.




Criteria for judging risk of bias in the ‘Risk of bias® assessment tool

SEQUENCE GENERATION

Was the allocation sequence adequately generated? [Short form: Adeqnate sequence generation?)

Criteria for a judgement of “YES®
{i.e. low rigk of bias).

The investigators describe a random component in the sequence generation process such as:
*  Referring to a random number table; Using a computer random number generator; Coin tossing: Shuffling cards or
envelopes; Throwing dice; Drawing of lots; Minimization®. ‘

*Minimization may be implemented without 2 random element, and this is considered o be equivalent to being random.

Criteria for the jadgement of “NO*
{i.e high risk of bias).

The investigators describe a nen-random component in thesequence generation process. Usually, the description would involve
some systematic, non-random appeoach, for example:

*  Sequence generated by odd or even date of birth;

»  Sequence generated by some rule based on date {or day) of admission;

* Sequence generated by some rule based on hospitat or clinic record number.

Other non-random approaches bappen much fess frequently than the systematic approaches mentioned above and tend to be
obvicus. They usually involve judgement or some method of non-random categorization of panticipants, for example:

*  Alocation by judgement of the clinician;

*  Aliocation by preference of the participant;

»  Allocation based on the results of a laboratory test or a series of tests;

*  Allocation by availability of the intervention.

Criteria for the judgement of
‘UNCLEAR” {unecertain risk of bias).

Insufficient information about the sequence generation process to permit judgement of *Yes® or *No'.

ALLOCATION CONCEALMENT
Was allocation adequately concealed? {Short form: Allocation concealment?)

Criteria for a judgement of “YES”
(i.e. low risk of bias).

Participants and investigators enrolling participants coutd not foresee assionment because one of the following, oran equivalent
method, was used to conceal allocation:

*  Central aliocation (inctuding telephone, web-based, and pharmacy-controlled, randomization);

*  Scguentislly numbered drug continers of identical appearance:

*  Sequentially numbered, opagye, sealed envelopes.

 Criteria for the judgement of *NO'
(i.e. high risk of bias).

Participants or investigators enofling participants could possibly foresee assignments and thus introduce selection bias, such as
altocation hased on:

*  Using an open random allocation schedule {e.g. 2 list of random numbers);

*  Agsignment envelopes were used without appropriate safeguards (e.g. if envelopes were unsealed or non-apague or not

seqquentially numbered);
* Alternation or rotation;
»  Date of birthy:
»  Caserecord number;
= Any other explicitly unconcealed procedure.
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Criteria for the judgement of
UNCLEAR™ (uncertain risk of bias).

Ingufficient information to permit judgement of “Yes™ or *No'. This is usually the case if'the method of concealment is not
described or not described in sufficient detail to aflow a definite judgement — for example if the use of assignment envelopes is
described, but it remaing unelear whether envelopes were sequentially numbered, opaquee and seated.

BLINDING OF PARTICIPANTS, PERSONNEL AND QUTCOME ASSESSORS

Was knowledoe of the allocated

interventions adequately prevented during the study? [Short form: Bilinding?]

Criteria for a judgement of “YES*
{i.e. low risk of bias).

Any one of the following:

* Noblinding, but the review authors judge that the outcome and the outcome measurement are not kikely to be influenced by
lack of blinding;

*  Blinding of participants and key stady personnel ensured, and unlikely that the blinding could have been broken;

= Either participants or some key study personnel were not blinded, but ontcome assessment was blinded and the non-
blinding of others unfikely to introduce bias.

Criteria for the judgement of *NO’
(i.e high risk of bias).

Any one of the following:
= Noblinding or incomplete Minding, and the ourcome or outcome measurement is likely to be influenced by lack of
blinding;

*  Blinding of key study participants and personnel attempted, but likety that the blinding could have been broken:"
= __Either panticipants or some key study personnel were not Winded, and the non-blinding of others likely to introduce bias.

Criteria for the judgement of
UNCLEAR™ (uncertain risk of bias),

Any one of the foltowing:
» Insufficiernt information to permit judgement of 'Yes® or “No’;
*__ The study did not address this outcome.

INCOMPLETE OUTCOME DATA
Were incomplete ontcome data adeguately addressed? [Short form: Incomplete vuteome data addressed?)

Criteria for a judgement of *YES’
{i.e. low rizk of bias).

Any one of the following:

=  No missing outcome data;

= Reasons for missing outcome data uniikely to be related to true outcome (for survival data, censoring unlikely to be
introducing bing);

= Missing cutcome data balanced in numbers across intervention groups, with similar reasons for missing data across groups;

* Fordichotomous outcome data, the proportion of missing ontcomes compared with observed event risk not enough to have
a clinically retevant impact on the intervention effect estimate;

»  Forcontinuous outcome data, plausible effect size {difference in means or standardized difference in Means} Mmong missing
outcomes rot enough to have a clinically relevant impact on observed effect size;

* _Missing data have been imputed using appropriate methods.

Criteria for the judgement of “NO*
{i.e. high risk of bias).

Any one of the following:

*  Reaxon for missing outcome data likely 1o be refatod to true ontcome, with either imbalance in numbers or reasons for
missing data across intervention groups;

* Fordichotomous outcome data, the proportion of missing outoomes compared with observed event risk enough to induce
clinically relevant bias in intervention effect estimate;

* For continuous outcome data, plausible effect size (difference in means or standardized difference in means) among missing
outcomes enough to induce clinically relevant bias in observed effect size;

s “As-treated’ analysis done with substantial departure of the intervention receivext from that assigned at randomization;

= Potentially inappropriate application of simple imputation.
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Criteria for the judgement of
“UNCLEAR' (uncertain risk of bias).

Any one of the following:

*  Insufficient reporting of attrition/exclusions to permit judgement of *Yes® or *No’ {e.g. number randomized not stated, no
reasons for missing data provided);

= ‘The study did not address this outcome.

SELECTIVE OUTCOME REPORTING
Are reports of the study free of suggestion of selective outcome reporting? {Short form: Free of selective reporting?)

Criteria for a judgement of “YES*
{i.e low risk of biag).

Any of the following:

*  The study protoco! is available and all of the study’s pre-specified (primary and secondary) outcomes that are of interest in
the review have been repotted in the pre-specified way:

= Thestudy protocel is notavailable but it is clear that the published reports include all expected outcomes, including those
that were pre-specified (convincing text of this nature may be uncommony):

Criteria for the judgement of “NO”
{i.e. high risk of bias).

Any one of the following:

*  Motall ofthe study’s pre-specified primary outcomes have been reported; -

*  Oneor more primary outcomes is reported using measurements, analysis methods or subsets of the data (e.g. subscales) that
were not pre<specified;

*  One or mote reported primary outcomes were not pre-specified (unless clear justification for their reporting is provided,
such as an unexpected adverse effect);

*  One or more outcomes of interest in the review are reported incompletely so that they cannot be entered in a meta-analysis;

¢ _Thestudy report fails fo include results for a kev outcome that would be expected 10 have been reported for such a study.

Criteria for the judgement of
“UNCLEAR® {uncertain risk of bias).

Insufficient information to permit judgement of *Yes' or *No'. It is likely that the majority of studies witl falf into this category.
P Judger 3 Oty ego!

OTHER POTENTIAL THREATS TO VALIDITY
Was the study apparently free of other problems that could put it at a risk of bias? [Short form: Free of other bias?|

Criteria for a judgement of *YES®
(i.e low risk of bias).

The study appears 1o be free of other sources of bias.

Criteria for the judgement of “NO*
{i.e. high risk of bias).

‘There {5 at least one important risk of bias. For example, the study:

» Hadapotential source of bias refated to the specific study design used; or

*  Stopped early due to some data-dependent process (including a formal-stopping rule}; or
» Had extreme baseline imbalance; or

»  Hasbeen claimed to have been fraudulent; or

» Had some other problem.

Criteria for the judgement of
‘UNCLEAR’ (uncertain risk of bias).

‘There may be a risk of bias, but there is either:
* Ingufficient information to assess whether an important risk of bias exists; or
» Insufficient rationale or evidence that an identified problem will introduce bias.
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APPENDIX E TOOLS FOR ASSESS QUALITY OF THE STUDIES
(http://jech.bmj.com/content/52/6/377.full.pdf+html)
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APPENDIX F THE DERSIMONIAN AND NAN LAIRD METHOD

Meta-Analysis in Clinical Trials®

Rebecca DerSimonian and Nan Laird

ABSTRACT: This paper examities eighit published revipns each mp&géﬁmgzmﬁus from several
related trizls, Bach rewiew pools the resalts from e relevant trials in order to evsluate
the efficacy of 3 certain treatment foe & specified medical condition, These reviews
Lack cunsistent assessment of homogensily of teatment effect Before poaling. We
discuss a randie effects ag’Elrcuth 1o combining evidence from a sering of expogmaents
compatiing two treatthents. This spproach incotpotates the heterogeneity of effecis in
the analysls of the overall westment efficacy. The model can be extended to include
sclevant covardates which wauld reduce the heterogeneity and allow for more spedfic
therapeutic recommendations. We suggest a simple noniterative procedure for char-
acterizing the distribution of ircatment effects in a series of studies.

KEY WORDS: randa offects model, hewagencity of treatment effects, distrilaition of treatment effects,
cotvinle dnfornnrion k

INTRODUCTION

Meta-analysis is defined here as the statistical analysis of & collection of
analytic results for the purpose of integrating the findings. Such analyses are_
becoming increasingly popular in medical research whene information on
efficacy of a treatment 15 avallable from a number of clinical studics with
similar treatment protacals. B considered separately, any one study may be
either too small or too limited in scope to come to unequivacable or gener-
alizabte conclusions about the effect of treatment. Combining the findings
across such studies represents an aktractive alternative to strengthen the evi-
dence abowt the treatiment efficacy.

The main difficulty in integeating the results from variouws shudies stems
from the somelimés diverse nature of the studies, both in terms of design
and methods employed. Some are carefully controlied randomized experi-
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ments while others are less well controlled. Because of differing sample sizes
and patient populations, each study hag a different level of sampling error
as well. Tiuis one problem in combining studies for uutegxamre Purposes is
the assignment of weights that reflect the relative “value” of the information
provided in a study. A more difficult issue in cambining evidence is that one
may be uging incommensurable studies to answer the same question, Ar-
mitage [1] emphasizes the need for careful consideration of methods in deav-
ing inferences from heteropeneous but logically related studies. In this setting,
the use of a regression analysis to characterize differences in study outcomes
may be more appropriate 2]

This paper discugses.an approach o meta-analysis which addresses these
two problems. In this approach, we assume that there is a disteibubion of
treatment effects and utilize the observed effects from individual studies to
estimate this distribution. The approach allows for treatment effects to vary

© acress studies and provides an objective method for weighting that can be

made progressively more general by incorpariting study characteristics into
the analysis. We illustrate the use of this model in several exiamples, and
based on the r:mpmcal evidence, suggest a simple noniterative procedure for
testing and estimation,

DATABASE

I 4 systematic search of the Hest ten izsues published in 1982 of each of
four weekly journats {NEIM, JAMA, BM], and Lancet), Halvorsen [3] found
only one article {out of 589) that considered combining results using formal
statistical methods, Our data consist of an ad hoc collection of such articles
from the medical iterature found ttutmagh references provided by colleagues
and through bibliographic seferences in articles slready located [4-11). The
method we propose applies to severl additionsl articles that have come to
our atﬁemtzcm since our engmaj ana,]yses [127143
sm'crai w]awd tn:ﬂs L&d:i review poﬂtls the results. tmm &h@ mie‘v ant tnals i
order to evaluate the efficacy of a certain treatment for & specified medical
conidition. In most of these reviews the original investigators pool the results
from the relevant trials and estimate an overgl] treatment effect without firsy
checking whether the treatment effect across the tials is constant. Others
edclude some trials and combine the results only from triats that are similar
in design and implementation. The mvgaﬂzgmors who do check for homo
gerelty of treatment effect before pooling use different criteria to assess this
homogeneity. With two exceptions [6,11], the reviews consider randamized
trials only. The two reviews that include nonrandomized studies analyze the
daia from the two groups of studies {randomized and nonrandomized) sep-
arately. In this study, we restrict our attention to the results of randomized
trials only. We first deseribe the eight reviews identifying each by it frst
suthor, and in Table 1 summarize the methods used in each review:

Winship: & review of eight trials that compare the healing rates in duodenal
ulver patients treated with cimetidine or placebo therapy (4]

94



Table 1 The Methods and Outcome Measures Used in the Original Reviews

Culcome measure

Qverall cffect estimate

Test of homogeneity

DPeSilva

Stjernsward
Baam

Patoy

difference in proportions
difference in proportions
diffevence in proportions
relative risk

difference in propariions

chHiferomee in proportions

difference in proportions
difference in proportions

pooled maw data

podled mw data

weighted avezage

Montel-Haenszel
eslimete for pooled
relative risk

minimuem and
maximum

poohed raw data

unweighted aéwag‘e.

ChiBauare Tosk (G}

RN

Gifbert, McPeek, and Mosteller
stimate of variance [E5)
Mertions lack of heterogeneity

SIPL, TR WY Sysde- RN

6L1

S6
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Conn: A review of nine trials that compare the survival rates In alcohalic
hepatitis patients with steroids or control therapy [5].
Miao: A review of s.lx ma!?s Sfim‘t cnmpare gasml with Sham fmezing ig; thr

zémmml md mfu mrttfmle& E‘mt mmandﬂmizeﬂ bmdies

DeSilva: A review of six trials that evaluate the effet of lignocaine on the
incidence of ventriculer fibrillation in acute myocardial mfarman [?). This
study originally considered 15 trials but because the trials vary widely in
treatment schedules and doses, seme criteria for adequacy of treatment
ate extablished and only &ix tials that fulfill these requirements afe ana-
Iyzed.

Stiernsward: A review of five irials that compare the 5-year survival rates of
patients with cancer of the breast treated with surgery plus radiotheragy
or surgery alone [8].

Baum: A review of 26 trlals thet evaluate the efficacy of antiblatics in the
prevention of wound infection following cofon surgeny [9].

Peto: Areview of six trigls that evaluate the efficacy of aspirin in the prevention

of secondary mortality in persons recovered from myocardial infarction

{10).

Chialmers: A veview of & number of trials that evaluate the efficacy of anti-
coagulants in the treatment of acute myocardial infarction {11}, Data from
18 surveys employing historical canteols (HCT), cight studies employing
alternately ags;gned contrals {ACTL, and six randomized controlled trisls
{RCT) are given. Theee endpoinis, tota] case fatality rates, case Ratality rates
excluding extly deaths, and thromboembolism rates are considered, al-
though not all studies report all three endpoints. Here we consider thram-
boembolism and total case fatality rates in the RCTs only. The results from
randomiged tials are compared to those of nonrandomized cnes FHCTs
and ACTs) in Laird and DerSimonian [16].

METHODS

We consider the problem of combining infeemation from a series of k
comparative clinical trials, where the data feom esch trial consist of the number
af paﬁemts m tmtzzwm ami mnira! gm@pﬂ, fir mé He, md the gmsmwm

the maiiﬁ, we assume that Ehe numbers of pahents w1th ihe aﬂeens in each of
the study groups are independent binomial random variables with associated
peobsbilities pr; and pe, § = 1, . . & The bagic idea of the random effects
gpproach is o parcel out some measure of the observed treatment effect in
each study, say w4, into two additive components: the true freatment effect,
8 and the sampling errce, &. The variance of ¢ is the sample vanance, 5.
and is usually maleulated from the data of the ith observed sample. The true
treatment effect ascodiated with each trial will be influenced by several factors,
including patient characteristics as well as design and execution of the study,
To explicitly accourdt for the variation in the true effects, the model assumes

§ = p+§
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where 0, s the true treatment effect in the #h study, p is the mean effect for
& population of possible teeatment evaluations, and & is the deviation of the
ith study’s effect from the population mean. We re-gzmi the trials considered
as a sample from this popalation and use the cbserved effects to estimate p
as well as the population variance [van(8) = A%}, Here, 4% represents both the
degree to which treatment effects vary across experiments as well as the
depgree 1o which individual studies give biased asaessmen:s of treatment ef-
fects.

The model just described carn thus be characterized by two distinet sampling
stages. First we sample @ study from a population of possible stadies with
mean treatment effect p and variance in treatsment effects of &% Then we
sample observations in the b study with underlying treatment effect §;.

One issue which deserves soms attention is the specification of treatrnent
effect, 9, Three commonly used measures are the risk difference, pry ~ peu
the rolative sk, prifes and the relative adds, [pw‘{l ~ prlpedl ~ podl
Thie relative odds is popular becsuss of its suitability in retrospective or case
control studies, and because it hias some interesting mathematical properties.
In particular, if we assume a canstant relative odds (8 = p or A7 = @, then
the Mantel-Haensze! statistic is optimal for testing He: 1 = 1, and there is
considerable literature on efficient estimates of p and on methods for testing
He ) = B = ... = 8 Despite these adviantages, the relative odds {and
the closely related rolative risk} suffers in interpretability. By far the most
mtmhwﬁv appealing measure for trials of clinical efficacy isthe tisk difference,
simce it measures dctual gains which can be expected in terms of percentages
of patients treated. Besides relevance of the measure and statistical efficiency,
it is also desicabile to choose a measure which # nearly constant over studies,
s0 that the effect of heterogeneity is minimized. Unless there is no reatment
effect at all {pr = pro for all i), constancy of treatment effect in one scale {say
prdc = A for all i) implies variation across studies in another (pn — po.
say}. Thus it is conceivable that the wrong choice of scale conld imply het-
erogencity in treatment effects which would not exist it a different measure
were used. However, this is rot likely to happen in practice unless there is
a very wide range in the control tates (B} or all the rates are very dose to
zero (or one), In such ceses. ome milght warnit 10 do the analysis in both. the
relative odds and risk difference scales.

HOMOGENEITY OF TREATMENT EFFECT

To e-valua,ie mnsmnry uf m':almem eff@ct ACross mam, we use a targe

treatment effect estimate, ¥, = 2 Wy w&. m; is the we ig.htea estimator of treat-

- ment effect, and w;is the inverse uf thee fth sampling variance. The test statistic
Qs the sum of squares of the treatment sffect about the mean where the itk

SQUAre is wmghted by the reciprocal of the estimated variance, Under the ull
hypothesis,  is approcimately a o statistic with & - 1 degrees of froedomy
thus, when each study has a large saampie size relative to the num‘ber of sirata,
Q) may be used o test Hy 4% = @,
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AZ = max {0, {Qu — (k — I} [Z o — (Zued ES wl,

where (. ¥o @ are as described above, The weighted least squares or
Cochran's [1%] semiwcighted estimator of p is

e = 3, w0 W w0t : @
i &

where

Wl o= wym b+ AR L (3}
The asymptatic standard error of g, is

st () = (X w712 ' : ()

When the sampling variatices are assutned o be equal, these equations reduce
o

A% = max [0, {3 (5 ~ B /(6 - 1 - L
Hy = T,
and -
se {pa) = [ + AT}/ RO,
where
F=Swik and =Tk

i i

Rao et al. [20] derive A from an unweighted sum of squares procedure and
show that it is also the Mingue estimator when the sampling variances are
all equal. The unwejghted mean, w,. is equivalent to the estimate of the
treatment effect in reviews that use the average difference in proportions to
asgess the overall treatment efficacy.

- With an additional assamption that v is N@, &) and 8 is Njs., 4%), we
also compute madrm Bkelihood (ML) and restricted maximum likelihood
{REML) estimates and compare them to the noniterative ones. The maximum
likelihgod estimates of the unknown parameters are those values that max-
imize the probability density function of the data. In REML estimation, the
ikelihood to be maximized is slightly modified to adjust for p and 4% being
estimated from the same datz. The REML estimators are the iterative equiv-
alents of the weighted estimators above, Both ML and REML estimates of p
and its s.e. take the form given in equations (2} and (4) with weights given
in (%), but differ in the way A2 is estimated.

The ML estimating equations are given in Reo et al. [20] and the REML
equations are reviewed by Harville [21]. For implementing the ML or REML
procedures, we use the EM algorithm [22) which is an iterative procedure for
computing maximum likelihood estimates appropriate when the observations
can be viewed as incomplete data,
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RESULTG

We pws&m the statistics for testing homogeneity of treatment effect in
Table 2. For these reviews (., the weighted statistic in the difference scale,
and Q) , the analogous statistic iri the log odds scale, imply stmdlar mn&usﬁgm
about the constancy of treatmenit effect. The assumption of homogeneity holds
In the peviews by DeSilva [7], Stjernsward [8], Peto [10], and in Chalmers’
[E1} randomized controlled. trials (case fatality rates). In the remaining five
sets of brials, the evidence suggesis heﬁemgﬁnenw of trestment effect irve-
spective of the scale of measurement.

The review by Peto [10] mentions lack of heterogeneity in treatment effects
across trials, For this review, the Q, statistic supports the homogeneity as-
sumption (pvalue = 0.65), whereas beth Q4 and Or support that assumption
only marginally (p value = 0.12). Baum et al. [9] estimate the varlability in
trestment differences using the method of Gilbert et al. {15] and condlude
that relative to within study variation (assumed equal for all studies). between
study variation is aeghgible Thisqualitative sssessment is not consistent with
thie resilits of Table 2 where a common freatment effect across the trials in
this review does not seem to hold in either scale of measurement, The third

- teview which includes a test of homogeneity before pooling the vesults [6)
uses & shightly madified version of O, to test this hvpnthee.as and the conclu-
ston of lack of homogeneity agrees with the result in Table 2.

Az in the review by Petn [10], ( and O dmply different conclusions about
the homogeneity of treatment effect in the review by Winship [4] In this
review also, the method assuming equal weights (Q,,} implies homogeseity
of efect while the weighted one implies the opposite.

These results emphasize that the vadation in the treatment effect across
several trials is often not-negligible and should be incorporated into the anal-

TabEe 2‘. Test of Homogeneity®

F o/ @ o/
Winghip 7 1528 15.46° 7.9
Conn ¥ 156 Hiph 19.3
Bofiay & ) 1&.8¢ 0
DeSilva & 4.1 4.4 7.3
Stjernsward 4 21 2.2 27
Baum 25 40.4 B} £
Petir § 4.0 9.2 35
Chaltners
© Thrombeembolisn 5 23 0.3 w.e
Cuse fatallty rates 3 3.5 2.4 18
“Figuges in Trilfes 28 are based o date avsilable at the fime of reviese pualbdication,
Ap walue <0.19,
“Lhegroes of fresdom.

“03 watistic n dAfference scale: (imagual welghts).
Q statistic in log gdd‘-& scale {unequal weights].
16} stadisiic in difference scale (ogust weights).
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ysis of the overall treatment efficacy. Lack of homogeneity holds both when
the treatment effect is the difference in proportions and when it is the log
adds. The unweighted statistic which sssigns an equal welght i each study
may rot be appropriste for testing homaogeneity when ditferences in sample
sizes andfor underlying propartions acvess studies are large.

Estimation

Far all four methods of estimation we present estimates of p and its s.e.

in Table 3, and estimates of &% in Table 4. The estimates of A%, and s.e. (i)

are quite similas in the weighted noniterative method, maximum likelihood,
and restricied maximum likelihond procedures. The A% from these three
methods ave zero or nearfy s in the reviews by DeSilva [7], Stjernsward [8],
Pato [10), and Chalmers’ [11] randomized trials (case futality tates). These
game reviews have (O statistics that are small relative to thelr degrees of
freedom (Table 21, The weighted method and the REML estimation procedures
consistently yield shghtly higher values of A% than the ML procedure. This
is because both these procedures adjust for w and A7 béing estimated from
the same data whereas the ML procedure does not. The estimates of p and
its s.¢. from these three procedures are expected to be similar since the €5
timates of A% arve dlwmost equal.

Comparing the unweighted method of moments with the other three meth-
ods, we fird that the estimates for A7 from this method differ, and sometimes
differ widely, from the estimates of the other three methods but without any
consistenit pattern. The estimates of p and its s.e. from the unweighted method
also differ from the estimates of the other three methads and these differences
are not necessarily due to the diffesences in 4%. In Chalmers” [11] randomized
trials (case fatality rates), for instance, even when A" is zero for all four
miethods, the estimate of pis 0.042 {s.e. = (.024) for the unweighted method
while it is 0.029 (s.e. = 0.012) for the other theee methods. The ordginal
reviewers report the unweighted average of the observed rate differences

Table 3 Estimated Oversll Effects and Thelr Standard Brrors®
o o o B’ e
Winship 0406 (D.045) 0389 (0.058)  0.364 (0.033)  Q.387 (0.656)
CQM 0102 (0.0 04050078 QD063 0073 (0.069)
Mizo 0.077 (1425 C.084 (D41 G:95 0106 0093 (D.118)
DeSilva 0.026{0019) 0,027 (0.019) 0026 (0.0F7) 0,027 (B.OI9)
Stjernsward 004600200 0.041 (D018 0041 DOISY  O.N1 {0018
Baum 0203 (0031) 0203 00260  O.208 (.05}  0.2080.026)
Peto O.018 {0008 0005 (0006  0.0M Q0085  0.005 (0.008)
Chalmers

Thromboembolisen  0.102 (0.036)  0.07% 0.020r 0078 (.017) D078 (0.020)
Cave fotality rates 0042 (0.024) 0,029 (0.012) 0009 {0012}  0.029 (0.01%

*Figures in perentheses represent the standird ecrors of the commponding estimates.
HNatersiive estimates with equal weights.

“Nonktorative estimates with weighis 1o reffect anegual verianes,

AMaimam Foelihiood estisnates.
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the other hand, the unweighted method which ignores differences in sample
sizes yields estimates that often differ fram the estimates of the-other methods.

A problem in pooling dats we have not addressed here is that of publication
bias. This problem relates to studies being execated, but not reported, ususlly
because treatmuent effect bas not been found, Revigwers generally recount
those studles that appear to be warthwhile and discount those that are un-
published or are not in agreement with a favored group of studies. The method
we describe here represents a systematic, quantitative pooling of available
data to resalve controversies about a treatment effect. With each individual
controversy, unpublished information may be elivited and along with recent
findings the method can be used to updale the resulls,

In alt our work we assume that the sampling variencesare known, although
in reality we estimate them fram the date. Further research needs to be done
ir this area as there are alternative estimators that might be preferabie to the
ones we use, For instance, if the sample sizes in cach study are small, then
samipling variances based on pooled estimates of the proporiions in the treat-
meert and control groups might be better than the ones based on estimates
of propartions from the individual studies. Another slternative is to sheink
the individual proportions towards a pocled estimate befire caloulating the
wariances, Further investigation is needed before one single method emerges
a8 superor.
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