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ABSTRACT

ATM: Teo study the efficacy and safety of dmg or
therapy with recurmrent events in meta-amalysis of
multiple clinical trials. METHODS: A nonparametric
approach is proposed to estimate the rates of recurrent
events for meta-analysis of trails. The method was
used in meta-analysis of angiotensin-converting enzyme
(ACE) inhibitor climical trials to analyze the relative
rates and the excess rates between ACE inhibitor and
placebo  treatment groups for endpoints  of
hospitalizations for CHF, hospitalizations for CHF or
cardiac death, and hospitalizations for CHF or any
death, respectively. RESULTS: The estimates of
those three endpoints were 69 56, 74 %, and 76 %
{P<0.01). Compared with placebo, ACE inhibitor
reduced 30 cases of hospitalizations for CHF per 1000
person-years, or 40 cardiac deaths or hospitalizations
for CHF per 1000 person-years {( P < 0.01}. CON-
CLUSION: The method was a simple and efficient
approach to conduct meta-analysis of clinical trials with
Tecurrent events.

INTRODUCTION

Rates of recurrent events such as anginas,
reinfarctions, and hospital admissions for worsening
cardiac  diseases were often concerned by
cardiologists’’” . In analysis of clinical trials, compar-
ing these recurrent clinic events across treatment groups
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was important 1o evaluate the efficacy and safety of a
studying agent or therapy.

In individual trials few patients may experience
important outcomes such as hospitalizations for
worsening congestion heart failure (CHF). Treatment
related to these rare recurrent events was difficult to
assess. Meta-analysis of clinical trials may obtain
sufficient statistical power to compare those recurrent
events across different ireatment groups in specific
subsets of patients ( eg. young cardiac disease
patients ).  However, usual approaches for meta-
analysis of non-recurrent event might not be applicable
t0 a recurrent event' > .

Usually three approaches were used to combine
data from multiple trials to effectively increase study
sample size. The first one was 10 analysis published
trial reports.  The second one was to analysis data
provided in tabulate forms, and the third one was to
analysis data of individual patients. Published trial
reports or tabulated trial reports might not contain detail
information of individual patients such as the dates of
hospital admissions, although it might include the
number of hospitalizations. Ewen in analysis of data of
individual patients of multiple trals, the dates of
recurring of a repeatable clinic event might not be
available for all studies becanse some trials might not
collect it or the protocol of meta-analysis might not
require it. Thus, survival analysis techniques could
not be applicable. and the evaluation of the raies of
recurrent clinic events ums to be interested in meta-
analysis of multiple trials.

Several methods for estimating the rate of a
recurrent event were reported'*~7 . Approaches based
on Poisson and negative binomial disttibutions were
suggested by Whitehead er af'*', Lawless et af'® .
Glynn et al'™, and Stkel et a/'”) to analyze rates of
recurrent events in clinical trials and epidemiology
studies. For meta-analysis of clinical trials, Whitechead

et al'> presented a general parametric approach in
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which the fixed effects and random effects of model for
treatments were considered

In this article, we extended the approach of Stukel
et al'” to clinical trhials in which the correlation
between treamment groups was concemed. The relative
rate and excess rate based on the crude rate were used in
meta-analysis of multiple trials, and the approach of
Whitehead er af-*) was used to obtain overall estimates
in meta-analysis. The motivation of our approach was
to analyze the data of multiple hospitalizations for CHF
in meta-analysis of data of angiotensin-converting
enzyme { ACE) inmbitor clinical trals. The data
collected from three trials included the number of
multiple hospitalizations due to CHF for individual
patients.,
Trials of the ACE inhibitors for the treatment of
myocardial infarction Recently several large
randomized controlled trals had been conducted to
examine the effects of a different class of therapeutic
agents, the ACE inhibitors, for the treamnent of
patients with left ventricular dysfunction on these
patients at high rmisk { based on neasures of left
ventricular dysfunction } after myocardial infarction
{ MI). Altogesther, these imals had collected
information on the effects of ACE inhibitors during and
after MI on a total of more than 100 00X} patients
randomnized in different trals. Overall the resnlts of
these trials have indicated that ACE inhibitors were
beneficial for patients both in the acute phase of
myocardial infarction and in long term use of ACE
inhibitors. However, different designs of the trials,
different drug regimens. and varying results raised
doubt as to how (o use these treabments most
effectively. Since myocardial infarction was a major
cause of mortality and morbidity, it was important to
ensure that available treatments were used in the most
effective manner. To help resolve issues related to the
long terrn management of patients after MI. we were
conducting a systematic overview or meta-analysis of
individual patient data from the five tnals of long term
use of ACE inhibitors. In total data of 12 783 patients
on 88 variables were collected. In meta-analysis, the
mumber of hospitalizations for CHF was one variable to
be analyzed.

STATISTICAL METHODS

Rate of recurrent event The occurrences of a

recorrent event could happen at different time period
during the course of a clinical trial. Usually it was
assumed that the repeated times of a recurrent event
followed a Poisson distribution with extra-Poisson
variability'” . which indicated that the recurring of the
event depended on the event rate and the follow-up time
in the trial.

The measurement of person-years includes the
effects of both the number of patients involved in the
trial and the follow-up time spent in the trial,
Following Stukel et af we defined the rate as the
number of the events divided by person-years.

Let dj; denote the sum of the recurrent event under
consideration for the ith patient in the kth treatment
group, and n, denote the length of follow-up for this
individual, where i =1, 2, ..., m, k=1, ...,
K. Following Stukel ef a/'®'. we assumed that d
was a random variable with mean n, pk and variance
nuct k, where uk and o k were the mean and variance
of the event rate for individual in the kth treatrnent
group, and dy's were independent. Let Ry = D/ N,
denote the crude event rate in the &th treatment group,
where D, = >y was the sum of all outcomes to
patients in the kth treatment group { for example. total
hospital admissions for CHF) . and N, = 2 n,, was the
total person-years of follow-up in the kth group.
Stukel er @/ used an unbiased empirical sample variance
Re = ™yl ds g — ROV N (my - 1))
conditioning on the known follow-up time n,,. In
clinical trials, patients were randomized info treatment
groups so that the baseline characters of these patients
were similar between groups. Thus we introduced an
empirical sample covariance formula
cov( Ry Rad = 2, 1™ 2 1™ nanp ( di/nu-Ra )
{dg/nagRg)/ ((mg-1)mg- 1INy Ng»
to estimate the correlation between crude event rates R,
and Ry. It was straightforward to show that it was an
unbiased estimate conditioning on known follow-up
times 7,4 and Az .

Evaluate the rates of recurrent events
between ireatiment groups To evauvate the
difference in the event rates between treatment group A
and B, we used the log relative rate ogg = log{ R,/
Rg) and the excess rate gge = log{ Ry} — log( Rz)
measurements.  The estimate of the variance of the log
relative rate was var{ ¢gg) = var{ Ry} + var{ Rg} ~
2cov( R, Rg). and the estimate of the variance of the
log relative rate was var( ggp ) = var( Ry/ Ry ) + var
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{Ry/Rg") =2cov{ Ry . Rg)/{RyRg). The 95 %
confidence intervals of the excess rate and the relative
rate were oz = 1.96_ var{ g ) 1Y% and exp ! ogp £
1.96" var{ @zz ) 1"t . respectively.

Meta-analysis of excess and relative eates

of multiple trials It was straightforward to show
that when the person-years were large then both the
excess and the log relative rates would follow mormal
distributions.  Thus we could use approach of
Whitehead et af to estimate the overall rate of recurrent
event for multiple trials.  Specifically for the ith trial
let 8, and u; be the measurement of the difference of
rates of recurrent events between two treatment groups
{eg relative rate), and the inverse of the varance of
0,, respectively. The estimate of overall 8 was
20,/ Ay test Q=0,16,-0)% was used
to check whether the estimates 6, "> were homogeneous
across trials. If there was mno heterogeneity across
trials, the estimate of the variance of overall effect 8
was var{6) =1/2v,. K there was no homogeneity
among trals. the estimate of the variance was
var(@} =1/, k, and the estimate of overall effect was
changed to 0 = X, &, 0,/ k;. where «, = ( L/n, +
MW land B = Q- k+ DAY, ke 2, S k).
{ k denotes the number of trials) .
Evaluate rates of multiple hospitalizations for
CHF in meta-analysis of ACE inhibitor clinic
trials In mets-analysis of ACE inhibitor trials, the
number of hospital admissions due to CHF for each
patient was collected bur not the dates of the
admissions. The multiple hospitalizations due to CHF
was associated with the length of time period a patient
spent in the tial.  Therefore the person-years instead of
number of patients was an appropriate measurement for
the rates of multiple hospitalizations. The proposed
approach was used to analyze the excess and the relative
rates between ACE inhibitor treatment group and
placebo group, for endpoints of hospitalizations for
CHF. hospitalizations for CHF or cardiac death, and
hospitalizations for CHF and any death, respectively.
Data of three ACE inhibitor wials of SAVE study.
SOLVD treatment and SOLVD prevention smdies were
analyzed. In ACE inhibitor group, number of patients
and person-years were 4 511 and 12 739, respectively.
In placebo group. these two numbers were 4 517 and
12 386. respectively.

The analysis results on relative rate ( RR) and
excess rate (ER) were (abulated in Tab 1, 2. and 3

Tab 1. Relatve rate and excess rate of multiple
hospitalizations for CHF of ACE inhibitor arm uvs
placebo arm.

SOLVD SOLVD

, Save  Meta-analysis
treatment  prevention

ACE inhibitor
Event 64 306 303 1303
Patient 1285 2111 1115 4511
Person- 3543 603 3140 12 739
years
Placebo
Event 974 454 336 1 764
Patient 1284 2117 1116 4 517
Person- 3 365 3967 3054 12 386
vears
Relative rate
RR U.68 0.66 0.88 0.69
95 % C1  (D.55, 0.84) (.52, 0.85) (0.57, [.36) (U.00. 0.81}
Excess rate
RR 9.36 2.56 1.35 2.97
95 % C1 (4.3, 14.4)(1.02, 1.10) {-3.2, 5.96) (1.57, 4.37)

Tabk 2. Relative rate and excess rate of cardiac death +
multiple hospitalizations for CHF of ACE inhibitor arm

vs placebo arm.

SOLVD SOLVD

. Save  Meta-analysis
treatinent  prevention

ACE mhibitor
Event 1072 551 484 2107
Patient 1235 2111 1115 4 311
Person- 3 043 6036 3 140 12 739
years
Placeho
Exent 1414 727 566 2707
Patient 1284 2117 1116 4 517
Person- 3 365 5967 3054 12 386
years
Relative raie
RR 0.72 0.75 0.83 0.74
03 % CI  (0.58, 0.89) (0.58, 0.97} (0.47, 1.47) (.63, 0.87)
Excess rate
RRE 11.8 3.9 3.12 3w
95 % CI  (4.03, 19.5)(0.38, 5.79) (6.7, 12.9} (1,50, 6.45}

with respect to three endpoints of multiple
hospitalizations for CHF, cardiac death plus multiple
hospitalizations for CHF, and any death plus multiple



http://www.cqvip.com

[SSN 1X353-U750  Arta Pharmacol Sin - F B 8 41
+ 408 - E-mail aps@ server. shunc. ac.cn

1999 Jun: 20 (6)
Phn/Fax #6-21-6474-2629

Tab 3. Relative rate and excess rate of any death +
multiple hospitalizations for CHF of ACE inhibitor arm
vs placebo arm.

SOLVD SOLVP Save Meta-analysis
trealment  prevention
ACE hibitor
Event 1 140 614 31 2 206
Patient 1285 2111 1115 4 511
Person- 3 543 6 156 3 140 12 739
years
HFlacebo
Event 1484 7 611 2 883
Patient 1281 2117 1116 4317
Person- 3365 o 967 30 12 386
yeurs
Relative rate
RR 0.73 (.60 0,53 .76
95 % CI (0.6, 0,90} (0,52, 0,85) {0.57, 1.36} 10.65, 0.88}
Excess rate
RR 11.8 2.98 3w 3.92
05 % C1  (3.92,19.6) (U.19, 5.78) (6.9, 13.1) (1.37. 6.46)

hospitalzations for CHF, respectively. The meta-
analysis of relative rate showed that, comparing ACE
inhibitor group with placebo group, the relative rate of
hospitalizations for CHF, the relative rate of
hospitalizations for CHF or cardiac death, and the
relative rate of hospitalizations for CHF or and death
were 69 %, 74 %. and 76 % respectively { P <
0.01}. It indicated that the ACE inhibitor increased
the survival time of patients with cardiac diseases, and
reduced the number of recurring of worsening CHF.
The meta-analysis of excess rate showed that, compared
with placebo, ACE inhibitor reduced 30 cases of
hospitalizations for CHF per 1000 person-years. or 40
cardiac  deaths/hospitalizations for CHF per 1000
person-years ( P <0.01),

DISCUSSION

In this anicle. we presented an approach for
analyzing rates of recorrent events in meta-analysis of
clinical trials. The length of subjects staying in the
trials. which determined the number of recurrence of
events and would be very different across tnals. was
taken into account in meta-analysis by measuring
person-years.  The recurrent events were evaluated by

ratio between treatment, which was easy to interpret
and to calculate. The method provided a simple and
reliable approach to analysis the recoment-events data
such as the number of multiple hospital admissions in
meta-analysis of clinical trials. The method took
account of both the heterogeneity of event rates between
individual patients within a trial. and the heterogeneity
in the protocol of swdies across multiple trials. The
method was used in meta-analyze maltiple clinical trials
for evaluating the effect of ACE inhibitor on multiple
hospital admissions due to CHF. The analysis results
showed that the efficacy of ACE inhibitor on the
relative rates of hospitalizations for worsening CHF was
consistent with these found in individual trials.

As Glymn e7 af*® and Stukel ef af'™ pointed out.
model-based approaches would be more efficient if the
models were comect since it provided approximately
maximal likelihood estimates ( Their studies indicated a
30 % gain in efficiency). However, a model-based
approach does not allow as much flexibility in the
relationship between the variance and mean as the
proposed approach, and its gain in the efficiency would
be lost if the assumption of the model was incomect.
From such a point of view the proposed approach may
be considered as a robust method.  On the other hand.
implementation of model-based approach was consider-
able more complicated and computational more
intensive since special software is required. By
contrast, the proposed approach was computational
simple and was easy to implement in any statistical
package that produced weighted means and variances.
Thus. the method iz useful. in meta-analysis of
multiple clinical trials, for analyzing recurrent events.
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