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EVALUATING A SERIES OF CLINICAL TRIALS OF THE SAME TREATMENT

Douglas G Altman

Several trials of the same treatment will usually preduce widely
differing results. Unless the (true) treatment effect is very large, which
is rare, there may well be uncertainty as to whether the treatment is beneficial
or not. Apart from the expected random variation there are very many factors
that may contribute to the heterogeneity of study findings, some of which may
directly atffect the validity of the results. Even when there are several
studies which are all reasonably reliable, then there is the further problem
of trying to combine the results statistically to get an overall picture.
Unfortunately there is, however, a strong possibility that in many cases the
studies which are published give a biased representation of the studies
actually carried out., Each of these aspects will be considered in turn in

this paper.

BETWEER—STUDY VARIABILITY

RANDOM VARIATION

No medical treatment will procduce identical resgponses from all
individuals. When the outcome of interests is dichotemcus, such as death or
survival, then we are interested in the propbrtion of individuals surviving,
which 18 equivalent to the probability of survival for an individual. (This
type of outcome is most suitable for considering between—-study variability,
as it is possible to generalise without having to specify between-—

individual variance.)

If we consider that the true proportions surviving in the control and

treatment groups are pl and p2 respectively, and that each trial involves
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n subjects in each group, then one study i1n ten will produce an obsexved
difference 1n survival rates CUTSIDE the range

pl-p2 = 1.645J[pl( 1-pl)+p2(1-p2)i/n

Table I shows some examples of this range for plausible values of pl, p2 and n.

Clearly the likely variability of observed results around the true difference

is very wide for small sample sizes.

It is also worth considering

how likely it is to obtain a result that is 'opposite’ to the txuth;

that is, how often will the treatment appear worse when it is in fact x% better

(in terms of survival)?

formula in a similar manner to

. sample size calculations.

These probabilities can be derived from the preceding

Table II shows

such probabilities for the same values of pl, p2 and n as were used in Table I.

Clearly for the sort of size studies often reported, especially pharmaceutical

trials, the risk of observing p2 >pl, when p2 is truly.less than pl, is gquite

considerable.

(This concept is slightly less strong than the "error of the

third kind" (gamma) described by Schwartz et al (1980), which is the probability

of p2 being found to be significantly greatexr than pl.)

Table L. 90% range of ocbserved % improvement on treafment (Pl"?’-) ov d_;ﬂ:em\t
values e} Pand pa , with n Subje&s n  both treakment and contral groups .
n (Pef 5"’"?) Tl-'ue qo
P Pa 40 15 oo 2s0 500  loc0 2800 D
0-5 025 B4l (2638 4b3IbL 1332 20k30 22428 23&27 2S5
Pa= 025 0425 2827 2623  4&21 78 St.17 oIS ] &l 2%
015  0015° -4t19 —|tolb OklS Bkl2 4bkll s &lo 649 T4
o5 05 0315 ~bt3l —lh |24 562W TR Il lokis 2%
POPig 025 01 -9k -Ski] 3kle Ok 26l 3w 463 4
015 ot -9blb -5t12 ~4kl2 -1&9 oOkJ [E°NA 25 4
oS 045 ~17HhZAB -ibI3 Thl7 2412 CtlD | &9 3te7 5
h=09p) 025 0225 ~3keI® -dhi4  Thiz -4BY 267 -kl (&4 24
015 0138 =llbld =Skil =THI0 -4tT7 2hLS =lihit Oh3 15
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Taua lr . pm‘pnbllc’h ﬁf absefviln P =P hen P’-= o-SP, ) as ?| ;09 > F,,, d-'ﬁeren‘t 5“"“1’"‘ Sizes
N (per group)
> P2 4o Fi= lec 250 seo icee 2setr
0-5 625 (A - - = = - =
p‘-.o-SP, 02  o.nS 7% 2% A - - - -
oIS o075 4% 7% 5% - - - -
oS 03 (39 €% 4 - - - -
h=0Wpg 025 o9 25%  18% 14 A% 1% - -
{ 015 o1l A% 25% 2% 124 47 19 -
oS 045 3% 2% 24 3% 61 o -
B=2%p{ 025 0a¢  4o% 3¢k 347 25% 137 0% 2%
Lo ons  ff 4o 3% 24 234 7 5%

Clearly, these results suggest that a series of small studies, with
perhaps 40 per group, would be expected to yield a fairly wide range of
results, This, in itself, should not be taken as an indication of incom—
patibility of results. Similar observations apply to studies with continuous
outcome measures (e.g. blood pressure reducticn), although they can not be
generalised for the reasons outlined above. Here the problems ¢f smalil samples
still exist, but the magnitude of the problem depends on between-individual

variability.

OTHER SOURCES OF BETWEEN-STUDY VARIATION IN RESULTS

X, Entry criteria

2. Study populations

3. Variations in protocols

4, Selection of control group/Randomisation
5. Degree of blindness

6. Deviations from protocol

SUMMARY: BETWEEN—-STUDY VARIABILITY

In terms of the between-study variance of results, the effects of
different independent sources of variability are additive. Thus the cumulative
effect of all the above factors will exceed the variability due to random

variaticn alone, perhaps ccnsideracly.
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We should not, thererfore, be particularly surprised when clinical trials
give dirfferang results unless the sample sizes are all large, and the statist-

ical methodology 1s not only sound, but also consistent in all studies.
COMBINING RESULTS FROM SEVERAL TRIALS

If there are several trial results which are felt to be reliable,
then 1t 1s clearly desirable to combine their results statistically to obtain
a better estimate of the efficacy of the treatment. This will be particularly

usetful where the trials do not appear to give compatible results.

There are several different approaches to combining individual trial
results. Unfortunately these can produce widely differing overall
findings. Broadly speaking there are three main possibilities, involving the
combination of the data, the test statistics, or the probabilities. The first

and last possibilities will be considered here.

COMBINING THE DATA

It seems obvious that the best approach would be to combine the raw data
from the individual studies. If the outcome measure being invegtigated is
dichotcmous (e.g. improving on treatment, sSurvival a given length of time), then

this ought to be straightiorward.

Perhaps the best-known approach is that due to Mantel and Haenszel
(1959). This method involves computing an "obgserved - expected" type of
statistic ror each table and combining them. It leads to an overall estimate
of relative risk as well as giving an overall probability for the diZference
between treated and control patients, and has the advantage ot being very easy

to compute.

An alternative approacn, suggested by WoolZ (1955), is to calculate
the relative risk for each study, and to combine the logarithms of these by
weighting each estimate by its variance. Since, for a sangle 2 x 2 table,
the logaraithm orf the relative risk 13 equal to the difference 1in the logits ct

the proportions in the two groups, the overall relative risk is easily
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calculated using linear modelling using GLIM (Baker and Nelder, 1978). This
methcd 18 particularly suxzanle Zor Jertaln exctenzions to te sugcested later.
‘"he two mezhcds give very Simiiar results in exampies gmven by arm-tace
(1971) and Miller (1980); both of these authors discuss the methods in more

detail.

COMBINING PROBABILITIES

The most familiar of several methods of combining probabilities is
due to Pisher (1944). The probabilities (P; ) associated with m tests of
m
significance, usually X° tests, are combined by calculating g=-2 2%103. ki
[ty

where q 1S a chi-squared variate on 2m degrees of freedom.

Two problems arise with the use of this method. Pirstly, it does not
incorporate any weighting to take account of reliability. A result with
P=0.10 would have the same weight whether based on a sample of 20 or 2000.
Secondly, there can be interpretational difficulties ivolving one~ or two-
sided tests. This method is generally felt to be less sensgitive than using

the raw data (Peto et al, 1977).
AN EXTENSION

As described earlier, Ior categorical data the results can be combined
by using linear model analysis (logistic regression). This allows other ractors

to be incorporated in such an analysas.

FPirstly, it 1s possible to weight each study not only to take account
of its size, but also to consider its statistical quality. Chalmers et al
(1981) have recently proposed such a scoring system which could be the basis
for such a method. Secondly, account can be taken of various differences

between the stuailes 1n the types of patient, treatment, rollow-up period etc.

Pime trends in treatment effects are probapbly common as a result of
temporal changes in other aspects of medical care, and have already been
noted for the studies of anticoagulant therapy. These can be studied in the

same way.
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SUMMARY: COMBINING RESULTS

It 18 possible to use the results from several trials, carried out in
vary.ng circumstances, tTO get an cverall measure of =reatment efficacy, and to
stucy other rfactors reiated to thi3. Nevertheless there are many unkncwn
differences between studies that may influence results, so that the conclusions
drawn from sSucn an analysis will usually need to be somewhat guarded. Much
more important, perhaps, is the possibility of bias in what studies get

published, This topic will be discussed in the final section of this paper.

PUBLICATION BIAS

"he first point to note is that tnhne unusual 13 more likely. to be
puplished than the routine. One litéle discussed aspect of this relates to
disputes 1n statistical methodology, and i3 evidenced by the disproportionately
high amount of space given to the minority views on the acceptability of
historacal controls in clinical trials. A similar phenomenon has been seen
in the publicity given to anyone disagreeing with the suggestion that smoking

causes lung cancer,

1'wo possibple sources of bias are that researchers are more likely to
sSupmit their results for publication 1f they have achieved a positive
(1.e. saigniticant) result (or peossibly an unusual result), and journals are
more lixely to pupiisn papers that demonstrate a positive (Or unusual) result.
Clearly these two possibilities are related. PFor exampie, one rejection may
be sutficient to deter the authors from resubmitting the paper elsewnere 1if

their results were 'negative’.

These suggestions are a mixture of speculaticn and anecdote. What

evidence is there to support the idea of publication bias?

IZ we consider trials with a categorical outcome measure, then we would

expect the proportions or successes in the treated and control groups
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observed in the various subjects to vary around their true population values.
Clearly the magnitude of these deviations will be potentially greater for small
studies as the variance orf the observed progortions 1S greater. Two series ot
published trials show a relationship between study sSize and treatment etffect,

suggesting a publication bias of the kind postulated.

Peto (1978), discussing the results orf various studies of rapid
s—fluorouracili injection ror advanced colorectal cancer (Moertel and
Kextemeier, 1969), ccserved that the treatment ezffec= was hali as large aga:in

in the smaller stucies tnan in the bigger studies. Alsc, the 30 trials ot

imipramine reported by Rogers and Clay (1975) .indicate _ a _ relationship
between trealient effect ond study siza. _These two series suggest that pernaps small
studies tend to be publisned only 1r significant, whereas larger studies are
respectable enougnh to be published whether the results are significant or not.
Sucn a situation, 1if it exists, is bound to lead to bias in the results ot
published papers, in ravour of the treatment. Maxwell (1981), discusgsing

the Imipramine series, has suggested that non—-signirficant results should be
published by title only so that others are aware of such studies, but

this is surely totally unworkable.

FPew authors have discussed the possible biases in what papers get
publisnhea. Chalmers et al (1965) have written about the “undexstandable
tendency of clinicians to report unusual rather than expected pnenomena”.

They point out that an unusual result in a small sample, possibly just due

to blological or sampling variability, would be more likely to appear in

praint than more ordinary results. Since unusual results may be in either
direction they postulated that the observed between study distribution of
results would pe rlattened and spread out compared to what ougnt to be seen

1n an unpiasea selection Or studies. Chalmers et al (1977 ) have also discussed
bias in relation to the studies of anticcagulant therapy Icr myocardial

inrarction.

Lastly, Zelen (1980) has suggested that 5% of reported clinical tTrials
will be ralse positive results. This would only be true 1f there were no

publication bias, and 1r no treatment were erfective. Since the latter
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condition is certainly not true, and the former 1s probably not, such a
figure 18 clearly wrong - in the absence of the very knowledge that the trials
are attempting to provide, it 18 hara to see how a proger estimate OT this

sort can be optained.

CONCLUS1ONS

The main weaxness of trylng to combine the results orf several studies
is the proplem or puplication D1as O UNKNOWN magnitude. Nevertheless, analyses
of thls sort can yield usetul inrformation, and, 1I it 13 possible To 1ncorzorate
information apout patient cnaracteristics, dirfferences 1n therapy etc., may
provide additiona.l inrormation and suggest hypotheses ror rurther investigation.
Pressure sSncu.a Ce crougnt to bear on journals, ncwever, To reairse the dangex

or discriminating against ‘negative stuces’.

REFERENCES

AFRMITAGE 3 STATIZTICAL METHOLOE IM MEDICAL RESEARCH. LFoRD: SLACHMELL

15971:48P=323.

BArER RJ AMD MeLoer JA.  THE GLIM svsTEmM. FELEAZE 2. OMFORD: MUMERICAL

ALGIRITHME LRoup., 1573,

CHALMERE TC. KorFr RS, LBrRADY LBF. A MOTE CF FATALITY IM ZERUM HEFPATITIE.

GASTROENTERSLOGY 1385;453:32-.

m
n

CHALMERE TC. MlaTTa RJU1. SMITH H. KuonziegrR AN EVIGEMGC AVORIMG THE WSE oF

MTICOASULAMNTSE IN THE HOSRITAL FHAZE QF ACUTE MVYDQCARDIAL IMFARCTICHN. MEW

3

SnEL o MEDZ 15772297 1691 -<,

CHALMERE TC. SmITH H. BLACKEURM 2. SILVESMAM . ZCHRCEDES Z. SEITMAN .

- o on,

AMERDZT A A METHGCGD FCOR ASZIEIIIMNG THE TMALITY OF A RAMNDOMIZIED JIMTRIL

TRIAL. ComTe CLim TRIALS 1531.2:31-45,

Copyright © 2013 The Cochrane Collaboration. Cochrane Methods. Cochrane DB Syst Rev 2013 Suppl 1: 1-58
Published by John Wiley & Sons, Ltd. 10



FEZZARTH HMORKERZ. 2TH EDITION. EoIMBURGHS

"i
)
D

FISHER FA. STATISTICAL METHCCS

JUIVER & SovD.s 134455

MAMTEL M AMC HAEMEZEL WM. STATISTICAL ASFECTE OF THE AMALYIZIZ <F Z4aTA
FRAM PETROSPECTIVE STUOISS OF GISSAE. ) MaT KancEZR ImsT 1555320 713-4%

MAWELL ©. LLIMICAL TRIALZ: REVIEWS. AMND

Er J Cuin PrarmacoL 1331:1:1%-3
MILLER RIS, COMBIMIMG & X 2 COMTIMGEMCY TABLEZ. In: MILLER PS5, EFscm &

ET AL, 0. BIoSTATISTICS CasEsook. MNEW YoRk: lizrsw. 1320

NOERTEL U3 AMEC FEITEMEIER R.J.  ACVANCED SASTROIMNTEZTIMAL CTAMCIR CLIMICAL
MANASEMENMNT AND THEMDTHESAR™ . MEW ‘YIRRY FMIESES MEDIZA SIYIZIOM HMARSES
AMD oW, LSRR 77T

rFETs < DUTMTSAL TRIAL METHCIALOEY. SIOMEDICIME L IPEIIAL IIZUE . LATEIi:iZa-Ie,

Peva R, FIike N2, ARMITAGSE &, Bresiow ME., Cox OF. HowarD SV, MamTEL N

MzFwgszoM K. FETA J: SMITH PG, DESISH AND AMALYIIS OF ARAMCIMIZED CLIMICAL

TRIALSE REGQULIRIME PROQLOMGED CQESERVATICM OF EACH FATIENT. II AMALYEIZ AMD
HAMPLES. Br 4 LAMCER 1377:.

(Y]
o

Y

1=

FocERs K sMD LLAY PP, A STATISZTICAL REVIEW OF COMTROLLED TRIALS GF IMIPRAMINE

n)
Q0
]
—
-
h"|
0
d
"
[N
-1

AMD PLAZEZSD M THE TREATMEMNT OF CEPRESZIVE ILLMES

SCHWARTE Us FLAMAMT R, LELLOUCH 4. CLIMICAL TRIALE. LOMOCH: ACADEMIS FRESS.

1335,

ocLF 8. UM ESTIMATIMG THE RELATICOM BETHWEEM BLODD SROUF AMD DISEAZE. Aritd

Moy GeneET 1955 13:251-3.,

ZzrEM M. HIIDELIMEZ FOR PUBLISHIMG FAPERS oM TAMCER CLIMICAL TRIALS:
RESPOMNSISILITISES OF ECITORS AMG AUTHORE., LDRAFT sarEs =mop UWILL seorsEcT.
Iy
Copyright © 2013 The Cochrane Collaboration. Cochrane Methods. Cochrane DB Syst Rev 2013 Suppl 1: 1-58

Published by John Wiley & Sons, Ltd. 1"



