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EVALUATING A SERTES OF CLINICAL TRIALS OF THE SAME TREATMENT

Douglas G Altman

INTRODOCTTION

Several trials of the game treatment will usually preduce widely
differing results. Unless the (true) treatment effect is very large, which
i3 rare, there may well be uncertainty as to whether the treatment is beneficial
or net. 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 affect the validity of the results. Even when there are severél
studies which are all reasonably reliable, then there is the furiher problem
of trying to combine the results statistically to get an overall picture.
Unfortunately there is, however, a strong possibility tha% in many cases the
studies which are published give a biased representaticn of the studies
actually carried cut. Each of these aspects will be considered in turn in

this paper.
BETWEEN—-STUDY VARTABITITY
RANDOM VARIATION

No medical treatment will preoduce identical responges from all
individuals. When the outcome of interests is dichotomous, such as death or
survival, then we are interested in the propbrtion of individuals surviving,
which is equivalent to the probability of survival for an individual. (This
type of outcome is most suitable for considering ketween—study wvariability,
as it i possible to generalise without having to specify hetween—

individual wvariance.)

If we congider that the true proportions surviving in the control and
reatment groups are pl and p2 regpectively, and that each trial involves
n gubjects in each group, then one gtudy in ten will produce an obgerved diffsr-—
ence 1n survival rztes CUTSIDE the range

pl-p2 1, 645J[pl( 1-pl)+p2(1=-p2)j/n




Table I shows some examples of this range for plausible values of pi, »2 and n.
Clearly the likely variability of obgerved resulis arcund the true difference
is very wide for small sample gizes., It is alsc worth considering

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

that i3, how often will the treatment appear worse when it is in fact x% better
{in terms of survival)? These probabilities can be derived frxom the preceding
formula in a similar manner to -.  sample size calculations. Table II shows
such probabilities for the same values of pi, p2 and n as were used in Table I.
Clearly for the sort of gize studies often reported, especially pharmaceutical
" trials, the risk of obgerving p2 »>pl, when p2 is truly'less than pl, is quits
considerable. (This concept is siightly less strong than the “error of the
third kind" (gamma) described by Schwartz et al (1980), which is the prebabiiity

of p2 being found to be significantly greater than pil.)

clearly, these results suggest that a geries 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 cbservations apply to studies with continuous
outcome measures (e.g. blood pressure reducticn), althcugh they can not be
generalised for the reasons outlined above. Here the proplems of small samples
gt1ll exist, but the magnictuds of the problem depends on between—individual

variapility,
CTHER SQURCES OF BETWEEN-STUDY VARIATION IN RESULTS

i, Entry ¢riteria

2. Study populations

3. Variations 1n protocols

4, Selecrion of contzrol group/Randomisation
5. Degree of blindness

6. Deviations from protocol

SUMMARY: BETWEEN-STUDY VARIABILITY

Tn terms of the between—study variance of results, the effects of
diffaerent independent sources of variability axe additive. Thus the cumulative
effect of alil the above factors will exceed the variability due to randem

varraticn alene, perhaps censideracly.



We should not, therefore, be particularly surprised when clinical trials
give differing results unless the sample sizes are all large, and the statigt-—

1cal methodology is not only sound, but aiso consistent in all studies.

COMBINING RESULTS FROM SEVERAL TRIALS

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

ugeful where the trials do not appear to give compatible results,

There are several different approaches to combining individual trial
results, Unfortunately these can preduce widely differing overall
£indings. 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 heze,

COMBINING THE DATA

1t seems obviocus that the best approach would be to combine the raw data
from the individual studies., If the cutcome measure being investigated is
dichotomous {(e.g. 1mproving on treatment, survival a given length of time}, then

this ought to ke straightforward.

Perhaps the best~known apprcoach is that due to Mantel and Haenszel
{19%9}). 7This method involves computing an "obgerved — expected" type of
statistic for each table and combining them. It leads to an overall estimate
of relative risk as well as giving an overall propability fer the difference

between treated and control patients, and has the advantage of bheing very easy

to compute.

An alternative approach, suggested by Woolf (19%55), is zo calculate

the relative risk for each study, and to combine the logarithms of these by

weighting each estimate by its varaiance. Since, for a single 2 x 2 table,

the logarithm of the rzlative risk 18 egual to the difference in the logits of
the proporrtions in the two groups, the overall relative rigk is easily
calculated using linear modelling using GLIM (Baker and Nelder, 1578). This

ertain extenzions to bpe suggested later,

tt

cr

£

methcd 18 particularly suxtable

wne two metheds give very similar rssults in examples given by Armitage



(1971) and Miller (1980); both of these authors discuss the methods in more

detail.
COMBINING PROBABILITIES

The most familiar of geveral methods of combining probabilities iz
due to Fisher (1944). The probabilities (P; ) agsociated with m tests of
. m
significance, usually Xﬁ tests, are combined by c¢alculating @:.-2 Z}&ﬂeﬁ
=

where g 18 a chi-squared variate on 2m degrees of freedom.

+

Two proplems arise with the use of this method. Firstly, it does not
incorporate any welghting to take account of reliability. A result with
P=0,10 would have the same weight whether based on a sample of 20 or 2900,
Secondly, there can be interpretational difficulties iveolving one— or two-
gided tests. This method is generally felt to be less sensitive than using

the raw data (Peto et al, 1977).

AN EXTENSION

As described earlier, for categoracal data the results can be combined
by using linear model analysis (logistic regressaion)}. This allows other factors

to be incorporated in such an analysis,

Firstly, 1t 1g possible to weight each study not only to take account
of its gize, but alsc to consider its statistical guality. 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 studies in the types of patient, treatment, follow-up period etc.

4ime trends in treatment effects are probably 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,

SUMMARY : COMBINING RESULTS

It is possible to use the results from several trials, carried out in

varving circumsStances, o get an coverall measure of frearment efficacy, and to

study other factors related to thiz. Nevertheless there ars many unkncwn



differences between studies that may influence results, so that the conclusions
drawn from sSuch an analysis will usually need to be scmewhat guarded. Much
more 1mportant, perhaps, 13 the possibility of bias in what studies get

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

PUBLICATION BIAS

The first peint to note is that the unusual 18 more likely.to be
publizned tnan the routine. COne litéle discussed aspect of this relates to
disputes 1n statistical methedology, and is evidenced by the disproportionately
high amount of space given to the minority views on the acceptability of
hastorical contreols in cliinical trials. A similar phenomenon has been seen
in the publicity given to anyone disagreeing with the suggestion that smeking

causes lung cancer.

4wo pogsible sources of bias are that researchers are more likely to
Supmit their results for publication 2f they have achieved a positive
(1.e. signaificant) result {(or pesgibly an unusual result), and journals are
more likely to publisn papers that demonstrate a positaive (oOr unusual) result,
Clearly these two possibilities are related. For example, one rejection may
be surfficient to deter the authors rfrom resubmitting the paper elsewnere 1F

their results were 'negative’'.

Thege suggestions are a mixture of gpeculation and anecdote, What

evidence is there to suppoyt the idea of publication bias?

If we consider trials with a categorical outcome measure, then we would
exXpect tne proportionsg or successes in the treated and control groups
obgerved 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 cbserved proportions is greater. Two series of
published trials show a relationship between study size and treatment effect,

suggesting a publication bias of the kind postulated.

Peto (1978), discussing the results of various studies of rapid
S«flucrouracil injection ror advanced colorectal cancer {Moertel and
rReitemerer, 196%;, cogerved that the tresatment erzecs was hali as large aganin

1n the smaller grudies tnan in the bigger studieg., Alze, the 30 trials of



imipramine reported by Rogers and Clay (1975) ihdk@ti_,au_-relationship
between t“‘“fmt,_fff?!i_t_?j&_;twdj size. . These two ‘series suggest that perhaps small
studies tend to be puplished only if significanz, whereas larger studies are
respectaple enough to pe published whether the results are significant or not.
Such a sitruation, 1T it exasts, i3 bound to lead to bias in the results of
pubiished papers, in favour of the treatment. Maxwell (1981}, discussing

the lmipramine sgries, has suggested that non~significant results should be
published by title only go that others are aware of such studies, but

this i1s surely totaily unworkable.

Few authors have discussed the possible biases in what papers get
publiishea. Chalmers et al (1965) have wriitten about the “understandable
tencdency of Clinicians to report unusual rather than expected phenomena™.

They peint out that an unusual result in a small sample, pessibly just due

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

print than more ordinary results. Since unusual results may be in either
direction they postulated that the observed between study digtributicn of
results would be rlatrtened and spread out comparsd to what ougnt to be seen

in an unpiased selection of studies. Chalmers et al (1977) have also discussed
bias 2n relation te the studies of anticcagulant therapy ror myocardial
intarction.

Lastly, %elen (1980) hasg suggested that 5% of reporved clinical trials
wlll be rfaise positive regults, Thig would only be true 1f there wers no
publication pias, and if no treatment were effective. Since the latter
condition 18 certainly not true, and the former 1s probably not, such a
figure 18 cleariy wrong — in the abgence of the very knowledge that the trials
are attempting to provide, it 13 hard tc see how a proper estimate of this

sort can be cptalned.

CONCLUSIONS

The main weakness of trying teo combine the resulis of geveral studies

is tne proplem of puplicaticn bias of unxnown magnitude. Nevertheless, analyses

Of this sort can vie.d ugetful intformation, and, 1I 1T 13 POSSibLée to 1nCorzorate
information apout patient cnaracteristics, dirferences 1n therapy etc., May

provide additional informaticn and suggest hypotheses rfor further investigation.

i

Pressure sSnculda oe oSrougnt to bear on journals, nhowever, to rzalize the dangs

or disCcriminaring against ‘'negative studies'.



REFERENCES
AL, METHGLDE I MEDIIZAL RETEARCH. DF R

ARMITAGE F.  SraTIizTIicC

LAy}

e S

HiC ) BHE S )
FELEAZE 3. (=FORDS

HUMER T CA

m

JA. Twme GLIM

AMD MHELDER

ALEoRTTHME Leaup. 15
FATALITY IM SERUM HEPATITIE.

= A HMOTE GF

CHatrmeErz TO, Korr £2,

GAZTRSENTEROLTEY

Funzies AN, EVIDEMSE FAVORIMG THE WSE oF
T ARTITAL IHNFARCTTION, rE

EMITH M.

CraLmEss T, flatTta &4
AMTICOASULAMTS IM THE HOSRITAL BHASE OF ACUTE MYviTAi
ErEl O feps 1577897 1891-5
SrveEsMar 5. SCHRCEDES . MEITMAM D
MITED SO

TMITH H.
TE A RAMDC

Cralverzs T
AMERIDZ A . A METHCD FOR ASESSSIMNG THE
TRIAL . CoMTR DLIM TRIALS 13E1 8:31-d43.

BTH EDITION EnimaUmEs

FTICAL METHODE

H

THER mA .

|
-4
]

!L’

13 En

OF DATA

ST

LIvER &
OF THE AMALYEIS

Hoanm HAEMSIEL M.
Forar CamcEr ImzT

MaAMTEL

TIVE REZLLTE.

FETROIRECTIVE

R
MasieELL 0 SLIMISAL TRIALD. REVIEWES. AMD THE JOURMAL OF HESA
aool 1351010 158

gr Jd Coir FraRmaCo
I Mrnies FG. EFmon B

TAEBLZS .

MILLER HR.  COMEIMIMG & ¢ 2 COMTIMSENDY
ET AL, Efns.  BI1osTATIZTICS CAsssack.  HEM Yore: sy, 13300
MoEsTEL O5 AMD FEITEMEIES FJ.  ADVAMNIED SASTROIMTESTIMAL CAMIER-CLIMICAL
MAMASEMENT AMD CHEMOTHESARY . MEW (oRM: HOESER MEDICAL DIYISIoH. HARFER
A EGd.  LF
FETD R DLIMICAL TRIAL METHODOLGEY . S IOMEDICINME 5 &



o ARMITASET F. SmEsiow HE. Cow OF. Howaro SV, ManTsEL M

ZTEMH AMD AMALYZIE OF RAMOOMIZED CLIMITAL

m

McPmERson K. FeETa 4y SmiTts PG D

EACH FATIENT. [I. AMALYSIS AND

™
]
&
o
T
pey
Iy
-{
pig
~{
-
kit
i
=
i
o
F
il
i
“<L
=
m
=]
m

AMD PLACEEST IM THE TREATHENT OF CRFREEXIVE

1P SRE-aa
CEHMARTT U FLAMAMT . LELLOWCH . CLIMICAL TRIALE., LoNDOM: ACAZEMIC PR

1938,

WoplE B i ESTIMATIMNG THE RELATION BETHMEEM BLOGD SROUF AMD QISEAZE. Ahti
Hur GEMET 1855 153:851-3)

sELEM M GUICELIMES FOR SUBLISHIME FARPERST oM CAMCER CLIMICAL TRIALSS
BRESFOMNISISILITIED OF EDITORST AMDG AUTHOARID. CparT margEm Fop UICD FROJECT



Table 1.

?/025
o8

Paz0T5p ¢ o
015
LOBP 625
oS
Table 1T,
Dy
0-5
p,;a-GP, 625
015
0%
;:D'-!SP‘ O‘ZS.
{ 015
(Y
h=dBpd 025
L o5

90% renge of cbserved % ;}nprovememt‘ on treafent (Pl"Pl) e d,(ﬁ&greni‘

values q{f. F‘ ard. b , Wit n gub\}'e&s W both  treabment amd egndrol Smmps.

Pz

025
o125

0675 "

0315
el
ot

045
0- 225
0-135

625
0125
0675

0-31%
o9
o-1

0-45
0-22¢
0135

40

B 4042,
24,27
~4ta19

-6+ 31
=9 2!
-Sbkib

~12%3
~342(8

~ 4

4o

| %
7%
4%

129/,
25%,
319,

3%
ApT
4nd.

I

T5

12638
2823
—[ tolb

~| 26
~5 tol]
‘5 l‘.az?b

-3 =13
~Stol4
=g &l

'Prbbab‘tl{tj °]E cbsgrvifa PZ. >‘.p'

2%
795
€%

[8%
25%

27%
36%
‘40“;’2

{uls)

4536
4 .21
OtalS

124
~3toil
~A (2

~T+al7

~Thl2
“T410

when

n[per 5mup)

250 500

18532 20k3%0
718 g&.l7
3l 41
5620 T
Ots 2 2+4a (|
149 Ok
2412 S0
459  ~2&7
"'5.-5:::7 2R3

n {per grous)

lee

LY
l‘q

5%

42
i
147,
71 of
_— ‘,0

249,
344

f
38 L]

250

A%
A

137
259/

\

(s
)
-y
Q

paz 05p, ,07I5p, ,0-2 3,

A
4

6%
187
ﬁ.)’s/

/ f
- io

1000

224628
lokIS
5 0

Otullb
3t 9
A

[9
i
~ ded

2500

23627
14
649

10 tls
+53
245

ko7
(&4
Ctag

— 3 I

o different samplesit



