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The- controlled clinical trial {or-in the language of I. D, H, Todd, the
"random trial") is a part of the process by which a new-therapeutic modality comes
into eventual use in cancer, The prineples of the, controlled. therapéutic trial -

2 ;
az set out by Hiill,. La&agna & Meier,. Marshallu&‘Merrellj are as applicable in
cancer eeain”eqyfother-dieeaee._ e nature of much. of cancer, however, reguires
emphasizing dlfferent portions of these authors' arguments. .
The special problems of the trial of hew treatments in cancer arise out of
‘three special qualities of camser: R e
1. ‘The coneldereble toxiefty or danger inherent in most new

- treatmeﬂte - requiring a balancing of toxic and therepeutie o

effeete Withln a very riarrow’ range.

2. The leng—term neture of caneer, driv1ng experimentere to seek
MeASUres. ef response evident eerlier than the ultimate measure,

_eurvlvel in geod health.

3. . The ethical proseriptions which meke it difficult to mount an
acceptable trial in early disease — where probabllity of cure . .
cor effective treatment 1s. greatest... -

1 erklng paper prepared fer WHO Expert Committee on Ceneer TTeetment, .‘ 
Geneva, Switzerland, 9-15 March 1965. '
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Before éxamining the special problems of cancer, it may be wise to review some

general principles of the controlled clinical trisl:’

i, A trial is not ethically permissible unless cne has strong reason to anticipate
a net gain from the new treatment over the results &eriVable from present treatments.
No trial 1s ethically permissible unless one has honest doubtz about which of the
contrasted treatments is really betterh L

= in a ecomparative triagl therﬂ must be no systematic bias tending to favour one

treatment. This implies that, in so far as we are‘able,'We must try to "ensure that
these 1T3tieq;7 groups are simllar in all relevant respects, except in the treatments
they receive" .5' This goal is best achieved through two steps. Fipst: for &
patient to be “admitted to the trial, he must be judged able to receive any ‘of ﬁhe
treatménts indlided in the trial. A person too old or too 111 to be treated "
surgically, ‘but'&ble to receive'radiatioﬁ'therapy is not eligible for a trial
contresting radiation and surgery, The patient’s eligibility“fdr_;&i treatments in
the trial must be established prior to his assignment to any treatment. Second:
having established the patient's eligibility for any of the competing treatments,

the patient is assigned by a formal randemization procedure to one of the treatments.

Any one of several formal randomization procedures is acceptable, . One of the
most effective iz to prepare a set of cards (for example, small file .cards), with one
card for each patient who will eventually be included in the trial. On each card
is written the name or other identificaticn of one of the contrasting treatments,
As many cards are prepared as one expects 1nd1viduals in each of the treatments.
Then, from a table of random numbers (6 ), following the table in some prescribed
fashion, a random number of sufficient number of digits is placed on each card.
(The "sufficient number" of digits is decided by total sizé of the experdment, If
the total experiment size is 10 or less, a two digit number is usually sufficient.
If the experiment size is between 10 and 100, a three digit number will do: for an
experiment size between 100 and 1000, a four digit number, ete. The purpose of
having more digits then the experiment size might indicate is to keep duplieation
of numbers low.) The cards are then arranged in inereasing order, according to

the random numbers. Ties are broken by flipping a coin or some similar procedure,

&

>
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The cards are now placed in envelopes, numbered In inereasing order. The envelopes
are usually sealed. The first patient eligible for the trial receives’ the treats
ment ealied for on the card in the firet7envelope,'the-aeébnd patient, the treat-

ment on the card in the second envelope, ete.

Net acceptable are the informal}tﬁnearly random", assignment procednree.
Haphazard assigdment is not random in the sense Intended here. "Alternatinatassign-
ment iz not random.  Assignment by day of the week iz not random. Studies have
shown that assignment by patient-serial number, telephone number, year of birth may

not be random.

Dther‘aoeeptable prooedurea"invoite using anlhonest roulette‘wheel, toseing an
honest coin, or an Honest ‘die (tne Japanese Standard Aaaoaiation naa.prepared
20-sided dice in three colours for use as a randomization device. ) . The patient's
birth date {date in the month) can be used ~ if the date ia not known or available to
the investigator before he has decided that the patient is eligible for the study.

" Where there are elementa'known to have an effect on response to treatment
(age, sex, institution stage of dieeaee, etc.) it 1s proper to stratify by these
elements and randomize w1thin strata.‘ Restraint in ereating strata will evoid

fraetionating the patient population 1nto too many etrata each with too few

: 8
individuals. Billewicz has demonstrated that matohing (intense stratifloation) may

he costly in time and effort and not repay the bother,

D Evaluation of rgaalts mist be unblased,  The response measure must be an
objeetivermeasure that”oannot‘poaaiblj‘be.read differently by different observers
(e.g. Survival) —‘or the experiment must be'designed to. permit the unbiased

evaluation of measures subject to varying interpretation. This iz often achieved

by the technique called “doublemblind".‘ Double blind is ‘achieved by having the
person evaluating the reaponae, and the person recelving the treatment both unaware |
of the apeeifie treatment the patient is reeeiving If the person evaluating the f
response 1$ different fram the person treating the patient, the person treating

the patient should also not know wnich specific treatment the patient received. '

Some people refer to this situation as "triple-blind"l but this term impresses me

as an abomination - to be avoided. There is no need for it. As Mainland®
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remarks "'Doubleubllnd' implies that no one on the physicman 5 51de (himself
asaistantb, nurses, sacretaries, and 3o forth) and no one on the patient's side
(himself, relatives, friends and so forth) - no ene at all who can in any way
influence patients' atititudes, feelings, behavioﬁr, measurements, replies to

questions, ete, - shall have any knowledge of the compounds that individual patients

are recelving,”

Coﬁéﬁcting'a double-blind triﬁl lets one use nonmobjecﬁive evidence in én'
unbiased way. Since measures of pain, feelings of well-being, a.bili'ty”' f'l:oretum " w
to work or to ecarry out usual funetions may be strongly subjectively influenced, one
1s hardly ever able to use them except in = double-blind situation.  Sometimes these
ars the most "useful measures, se %o cehduct i nori-blind study requiring that one not

use these measures could be wastéful and mislesding,

The proscrlption that the treatinw physician not know the gpecific treatment
{drug, usually) the patient is reaeiving provides no ethical barrier, since he must
¥now all the treatments the patient could posszibly be receiving in the trial, and
therefore can be expected to be on the look-out for the side effects or toxie
reactions from all the treatments, There are memy recorded instances of "side-
effects" seen in placebo-~treated patierits, One wondevs if placebo effects could be-

discoverdd in possible-to-bias tmblinded experiments. i

q.yw

4,  The trial must be neither too short to develop & convineing argument (for or
against any of the contrasted tragtments),lnmr s0 long that an excessive‘nqmbandqf
patients are treated with an inferior.treatment. = .This is not easy to achieve, even

1
with expert statistical assistance. ° Mithout suech assistance it 1s even harder.

5, e last step in the cliniecal trisl ig the presentation of the data; olearly,
fully and honestly, - At present most editors seem to look for statemerts of
"statistical significance”" or eppropriate probability values, or something of the
sort, Unfortunately, there has too often been misuse of statistiocal significance
tests, so that again professional statistical help iz worthwhile. The misuse has

been so great that Crowiell varns "There is cartainly a case for accepting a claim

of 'statistical significance' with caution,”
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In sddition to theze tribulations of every trlal, the assessment of a new
trestment in cancer poses several cthers. In chemotherapy evaluation at least,
there eppeer to be twc different kinds of trisls, conducted for distinetly dlfferent
Purposes. Thers are ths patient—criented trial, and the drug—oricnted trial.
Patient-oriented trisls are designed to give answers to the questicn "How shell T
treat the next pstient with cancer who comes into my care?” " The drug—criented
trials attempt ‘to answer tie questicns "Hag “this drmg encugh prcmlse that T can
bring it into & pstientmoriented trial?" and "If I were to brlng it to a pstlent-

'criented trial, how is it best to givs 1ig"

The patient—oricnted trial must ccnsider the response of every pstient placed
on the treatment - no mstter for how short a pericd. . Since .ane wsnts tc kncw what
happens to all pstients (cf a certain cstegcry) frcm she mcment treatment stsrts,
once a pstient is plsced or treatment there is no excluS1on frcm fcllcw—up.c‘ Qf
gourse, the patlent can (cr must) be taken cff the trestment if it appears thst a
continuation is likely to result in his inJury, dissbllity or death, Eut he must

then be recorded as a "f&ilurs .

The drug—cricnted trial is concerned with the perfcrmence of the drug under the
best pcssible ccnditicns.. This permlts the drcpping cf patients from snslysis if
they have been ' insdequstcly treeted snd fcr similar reasons. Permisslcn to
exclude some pstisnts from final snslysis cerives frcm ths srgument thst the drug
must be sble tc dc well when sll the elements are bisssd in its fsvcur - ctherise
the drug is mcst unlikely to do well in ‘the pstlent-criented (hcpsfully unbiased)
trisl.” Thsrs are three immediate conseguences of this psrmissivsness. First,
the drug-crientsd trials dc nct prcvide unbiesed estimates of What a drug will dc
in a general pcpulstien of pstients. Seccnd one must be prepsred to find that the
same drug in a pstlenﬁuarientsd trial will not do as Well as the results ef the‘
drug—arlsnted trial prcmised. Third it is a disserV1ce to suggsst the
1ntrcducticn of a drug into general use fcllowing cnly a drug»criented trial.

Since most new treatments for cander carry the threat of considerable .
toxielly one wishes to give them at a dose that is the.result of a judiecicus

welighting of positive (response) and negative (toxicity) .alements - an.optimal - dose.

1
The determination of an optimal dose is not easy. Cramie . remarks "the optimuam
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dose is usually determined by reference to previous trials. If this does not
exist, then a pilet trial must be carried out 1n similar patients.” This'"piioting"
is the major function of-the drug-orisnted trials, but even here their inherent

bias in patient selection and reporting can be misleading.

Qptimum impliss a balancing of'tﬂe negative and the positive. Early‘dose-
finding trials in cancer have often beén aarried out‘in rather 111 patlents - where

the prospeet for response was small, These trials have usually provided only

estimates of doges at which toxicity will oceur, i.e. estimateé only of ‘thé_ ‘"negla.‘_l':‘iye" - ‘gl

hence a tolerable rather than an optimal dose. Since it is quite likely that 111
patients show toxicity at low doses, the furthst strong possibility exists that the
tolerable toxic doses found by early trials will be %oo low, Working at a non-
optimal dose could bias later patient-oriented trials against the new drug. There
scem to be two opposite forces at work, however, that may inadvertently be balancing
each other, Finding a dose in 1ll patients may glve too low a dose, ' Taking a o
maximm tolerated dose (see below) may give too high a dose, A maximim tolerated
dose in very ill patients might be just right. |

A classic approach to the dose-finding problem has been through the™ ' -

‘ 1
"therapeutic~index" route, Following Ehrlich & Hata, 5

experimenters have attempted
to use information on both response and toxlcity through finding a minimun '
effective dose (MED) and a meximum tolerated dose (MID). The ratio of MID/MED 4s' '
the "therapentic index". This has many uses, related to the relative safe‘i:j}' of
different drugs - but it has unfortunately little to do with finding an optimal

dosze. What usually happens in cancer is that the two doses-MED and MIT are found,
and if the material has #n acceptable therapeutic index, a dosge near the MID is
chosen as the suitable dose for further work. Two deficiéneies eloud this
procedure, Firsat; the dose chosen-is not optimal (except by chancé)‘under any
definition of optimal, . Second, the Ehrlich-Hata procedure ‘is wasteful of data, "
using only the relative positions of dosze response curves for toxielty and réspdnse,
to determine the MED and MID. It has besn sﬁnwn%% that the slopes of the curves
must be considered.in finding an optimal doze a:nd__ are of considerable consequence

In choosing between two drugs with the same therapeutie index, New experiment

©
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etretegiee, oapeble of eliciting both response and toxielity information In an
unbiased way, end thue leading to reasonable determination-of optimal doses, still
need to be developed

One furtherproblem exists. It is sometimes difficult to separate toxicity
due to theé diseace from. toxicity due to dpug. -Reeognizing‘this, at least one group
has attempted to do dese-finding in & randomized plind trial - with different doses
of the drug sssigned to patients’ through & Pormal randomization scheme. = These
worke::*e-12 recommend "the use of randéfiized- assignment of patients, fixed non—
escalating doses and the inclusion of & '1éw dose for separation of drug toxicity from
natural disease prdgression.” If this dould be done as Cromie suggests in "similar”
patients, -similar to the ohes who will eventually be tredtsd by the drug, then an
evaluatian of both response and toxioity, {and ‘heénge” optimality) mlght poeelbly ‘be made,

' The treeting physician' s goal 1n treatment of eenoer is to return the patlent
to the full, astive life that he experienced before his illneee. It ie extremely
difficult to measure what is a "full, active 1ife", and to determine whether after
treatment it is as full or as active as it was befove the illness, An 1mmediate
second choice is to measure survival, since Tohg survival is more likely to be
assoclated with a full active life than is short survival, though not elweye;
Paradoxically, if one is lucky, one might have to wait a Yong time before decldingr

between the merits. of competing treatments based on ‘survival.

It eurvival is only a eubetitute meaeure - end one for whioh one has to Walt a
iong time, perhaps enother eubetitute measure whioh gives an answer quioker might, be
used, 1T it could do almost as well. - The desire to gzt an eerlier enswer has led
experimenters to a- veriety of substitittes,” from meaeuring tumoure or various chemicals
in the blood or urine, to such direotly diseasésrelated meisures as cell counts in :
bone marrow specimens in leukemiz. '  Usually the substitute measures are also the

go~called objective measures.

These substitute measures span theee?mejor problems, Fifet,‘do they really
correlate with.the ultimate desired achievément of the full active 1ife? ~ Second, if
one's studies are confined to patients with "measurable" disease, can one logically
extend the results from these patients to patients wito do not have measurable

disease? Third, can the measures themselves distort op warp the trials?
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Most attempts to show the correlstion of substitute measures to some ofher“
desired end have tried to correlate "Pesponée" with surviﬁal; This ia uaﬁelly

done by showing that "responders" have longer survival than noneresponders. Lf it

takes some time for response 4o occur, -this can be misleading. I one cammot be
sure that a response has occurred until (say) two weeks of treatment have elapsed,
then all deaths before two weeks must fall into the non-responder group, and thus
lower the average survival of the non-responders. (This fallacy is szimilar to the
orie which purports to show that judges on high courts tend to have much longer life -
expectations than ordinary people. Since persons rarely become Jjudges on high
courts before some reﬁher\eﬂvenced age, all people who die before thils age fall into
the‘noﬁ—judge group end therefore lower the average life expectancy for non- judges. )
In a papergﬁ‘reporting the best responses in acute leukemia in childhood (99.4 per
cent, PEmlsleﬂu, median survival of abeut 18 monthe) that I have seen, the author
remarks ". v « but 1t must he remembered that by dEflnltlon only petients surviving at

least 30 days after diagnosis were 1ncluded.

For some ebjective measures sueh as tumour-shrinkage in lung cancer, it has

15

sometimes been difficult to show any relation between "response" and survival.
While a convineing argument can be developed that a patient whose measurable tumour
shrinks ought to be better off than a patient whose tumour deoes not shrink, ... .-

empirical verification is necessary. AsherlT

wrote "(ne of the most important
things about treatment is that it should be effective - not mevely that it ought

ta be effective. ‘ The same can be said of meeeuree ef response.

There is some evi@enee from the study of‘advaneed breast cancer that slightly .

longer surviyal (median survivals 7~l/2 months versus & months).is found in patients
treated with a drug which produced relatively high (about. 19 per. cent.) response

compared with drugs producing low (about 2.5 per-cent.) responses,

The second and thiird problems — the problems of generalization and of
distortion probably belong together, It is elear that in order to generalize from
them, patients with "measurable” disease should differ only in the detall of
meaeurebility‘frem the patients without measurable disease. Generalizing to other
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patients, even when the eg;}yq;u§§titutefmeasure carrelates closely with the. . .
deéifédlre£qu té full acﬁ;yauiifé could be in error if there were other differences.
Thus, the pressure to find patients with "measurable" diseases not only has the
effect of reducing the patient population on whom trials can be conducted but it

als0 may have the effect of creating misleading extrapolations.

The last difficulty - the one of potential distortion - devives from a possible
misunderstanding of why early objective measures are sought. Sooe investigators
seem to have felt that given "objective" measures, it became no longer necessary to
conduet controlled trials with a contra-test, or other treatwent group. Jince it
is clear that the probability of response in cancer i1s strongly related to what one

1
might call the patient's general eondition, 8,19,23

it becomes important that
patient condition be taken inte account in condueting a clinical trial. It is
alse one of the reasons that it is se d&ifficult to compare the results {rom one

2
institution to another.go’ 1

Even with agreement on the objective measures, an
uncontrolled trisl in one institution, on cne kind of patient, can produce a
substantially different zet of results from z similar uncontrolled trial in another
institution. Ohjeetivity is not a2 guarantees against bias. The presence of a
standard treaiment as a control, in a properly randomized trial, would at least
give different institutions a commen bench mark. One of the advantages of the
co-operative controlled clinical trial is that internal replications exist between
institutions, so that one may be able to contrast the results on competing treat-
ments ai several centres, each possibly with patients with different clinical

charecteristios.

Pinally, because of the toxicity of wany anti-cancer agents, a special
gthical problem exists in studies in which adjuvants (usually chemicals, and
sometimes radiation) are added to a standard "curative" treatment. Since one has
hopes that the standard treatment (i.e, surgery in early lung cancer) will often be
curative of itself, great care must be taken that the adjuvant tresatment
{i.e. HNE’ Thiotepa) does not pose an added risk for the patient. The Lancet22
concludes a leading article with "It would be a great pity if the over-enthusiastie
and unseliective use of cnombined therapy were to revive oid feavs of the treatment
being worse than the disease." 'The adjuvant is the added push. One must take

care that it pushes the disease mowve than it does the patient.
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Tatlored to the special needs of cancer, the econtrolled clinical trial is the
ethical and effective tool to test potential advances in therapy. |
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