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Among research methods, randomized controlled
clinical trials have constituted one of the main scientific
advancesduring the20™" century. The randomized control -
ledclinicd trial isatypeof experimental study used asarefe-
rencestandard for research methodsin epidemiology andis
considered the best source of available scientific evidence
and the best source for determining the efficacy of an
intervention.

Therandomized controlled clinical trial isaprospec-
tive study that compares the effect and the value of an
intervention (prophylactic or therapeutical) with controlsin
human beings. In thistype of study, the investigator
distributes, by chance, the factor of intervention to be
analyzed through thetechnique of randomization; therefo-
re, theexperimental and control groupsareformed through
a chance distribution process to reduce or eliminate
interference by variables other than those being studied.
Theintervention being studied can bedrugs, techniquesor
procedures®?, Theterm* efficacy” referstotheresult of an
intervention under ideal, controlled conditions, such asin
thecontrolledclinical trial. Theterm*“ effectiveness’ refers
to the result of an intervention carried out in an average
clinical environment, whichincludestheimperfectionsof
implementationthat characterizethedaily world?2

Accordingto Feinstein®, theideaof thedistribution of
atreatment through randomizationwas proposed by Fisher
in 1923 and appliedtoagricultura research. In 1926, thisidea
wasused for clinical studiesfor thefirst timeby Amberson
and coworkers, who tested theval ue of agold compoundin
thetreatment of tuberculosis. Thiswasalsothefirst blinded
study reported, which means that the patients were not
informed of the treatment administered. The controls
received aninjection of distilled water; theterm*placebo”,
however, wasused for thefirst timein 1938in the study of
Diehl oninfluenzavirusvaccine®,

Inagenericway, theterm“clinical trial” canbeapplied
to any form of planned experiment involving patientsand
designed to elucidate the treatment most appropriate for
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future patients with a given medical condition. Some
authorsal so usetheterm “non-controlled clinical trial” to
describeastudy inwhichall participantsreceiveinterven-
tion. Inreality, thiswould beonly adescriptive study of the
effects of an intervention in agroup. The majority of the
authors do not consider thistype of study aclinical trial,
calling it anon-controlled experiment. The more puristic
authorsreservetheterm “clinical trial” only for the rand-
omized controlled trials and do not accept its use for
controlledtrialsthat are not randomized

Theclinical tridlswith drugsarefrequently classified
into four main phasesof experimentation™®:

Phase I - Thesearetrialsof clinical pharmacology
and toxicity in man, primarily related to safety and not to
efficacy, and usualy are carried out in healthy volunteers.
Themain objectiveisto determine an acceptabledose of a
drug, the one that can be administered without causing
severesideeffects. Thisinformationisfreguently obtained
from experimentswithfractional doses, inwhichavolunteer
receives increasing doses of the drug, according to a
predetermined schedule. Phase | a so comprisesstudieson
drug metabolism and bioavailability. After the studieson
healthy volunteers, theinitial trialswith patientswill also
congtitute apart of phasel. Typically, phase| studies may
require20to 80individualsand patients.

Phase II - Theseareinitid trialsof clinical investiga
tion of the effects of treatment, still comprising asmall
investigation of drug effectivenessand safety, with careful
monitoring of each patient. Sometimes, phasel| trialscanbe
carried out asaprocessof drugs, used to differentiatethose
withatruepotential of effect amongthe several inactiveor
excessively toxic ones, so that the selected drugs can pass
to phaselll. Rarely, phase Il requires more than 100-200
patients per drug.

Phase I11 - L arge-scal e assessment of thetreatment.
After the drug proves to be reasonably effective, itis
necessary to compareit on alarge scale with the standard
treatment(s) availablefor the samemedical condition,ina
controlled clinical tria comprisingalargeenough number of
patients. For someauthors, theterm*“ clinical trial” would be
asynonym for these phase 111 trials, which constitute the
most rigid formof clinical investigation of anew trestment.

Phase IV — Postmarketing surveillance phase. After
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the commercial approval of aresearch program, thereare
till somequestionstobeconsideredinregardtolarge-scale
andlong-term monitoring of sideeffectsand additional stu-
diesonmorbidity and mortality. Sometimes, theterm* phase
IV tridl” has been used to describe exercises of promotion
of anew drug directed at themedical public, whichisnot to
be confused withtheresearch of theclinical trial itself.

One should remember that, preceding the clinical
trials, there should beaprior equally important program of
pre-clinical research, including the synthesisof new drugs
and studiesin animalsin regard to metabolism, efficacy,
and, moreover, potential toxicity. Inreality, thispre-clinical
phase accountsfor the mgjority of the estimated cost with
theresearch ondrugs. Currently, themajority of theclinical
trials are related to the assessment of new drugsand is
mainly funded by the pharmaceutical industry. Itisestima:
ted that, in the universe of new drugs synthesized in
laboratories, only one out of 10 000 reaches the phase of
clinical tridlsand only 20% of thoseareeventually marketed.
A completeresearch program related to adrug lastsfrom 7
to 10 years, of which, ailmost half of thetimeisused in
clinicd trids, involving millionsof dollarst, emphasizingthe
role played by the pharmaceutical industry.

Randomized controlled clinical triashavethefollo-
wing main characteristics®®: a) they are experimental stu-
dies and, therefore, involveimportant questionsof ethics; b)
prospective architecture: they havethearchitecture of a
cohort study, meaning that they are prospective, with the
particularity that the investigator uses atechnique of ran-
dom allocation (randomization) toform groupswith similar
characteristics, sothat theindividual sof agroup receivea
certaintypeof trestment whilethose of the other groupre-
main ascontrols; ¢) control: itisnecessary to comparethe
experienceof agroup of patientsundergoing the new treat-
ment with agroup of similar patientswho receivethe con-
ventional treatment. If thereisno conventional treatment of
real value, it can be appropriated to use acontrol group of
non-treated patients. The most adegquate technique for
distributing theindividual sintreated and control groupsis
randomization, which allowsthe allocation by chance; d)
randomization: isadecision processthat allowsthe study
and control groupsto be allocated by chance, being the
best technique to avoid selection bias. In addition, it
reduces the possibility of confusion bias. The beauty of
randomizationliesinthefact that it allowsthedistribution of
known and unknown outcome determinantsin asimilar
manner between the study and control groups, if thesample
sizeislargeenough®.

There are several techniques of randomization
simple randomization —it isthemost frequently employed
technique; the patients are directly assigned to study and
control groups, with no intermediate stages. For example,
by using atable of randomly selected numbers, wherethe
odd numbers are assigned to the treatment group and the
even onesto the control group; block randomization —itis
characterized by the formation of equal size blockswitha
fixed number of individuals, insidewhich thetreatmentin
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guestionisdistributed, block by block, until the process of
individual allocationintheresearchisfinished. Thereisthe
advantageof providing equal number of participantsinthe
study and control groups, evenif thetrial isinterrupted
before the expected end. It isalso useful in studieswith a
reduced number of patientsbecausethesimplerandomiza:
tion performed withtheaid of atableof randomly selected
numbers only assures homogeneity between the groups
when thereisalarge number of participantsto be rando-
mized; paired randomization —initially, pairsof participants
areformed and all ocation by chanceisperformedinsidethe
pair, sothat oneindividual receivesthestudy treatment and
theother the control treatment; stratified randomization —
initially, strata are formed and the random allocationis
performedinsideeach stratum; randomization by minimi-
zation —initially, thesimplerandomizationisused but after
theallocation of someindividuas, the characteristicsof the
groupsare analyzed and the calculation isreperformed as
somenew participantsarerecruited. Thesenew participants
will beallocated to oneof thegroupsto reducethe detected
differencesor to maintaintheaready achieved balance. Itis
anew technique and computer technology allows several
variablestobefollowed at the sametime, so that aminimum
of differenceswill be obtained between the groups.

Inadditionto themain characteristicsalready descri-
bed, the following methodol ogical questions should be
considered when arandomized controlled clinical trial is
performed:

Sample size — Thetrial should recruit anumber of
patientslarge enoughto obtain areasonably preciseestima-
tion of response to each treatment involved. Even though
there are practical and ethical considerationsin regard to
samplesize, astandard statistical approach referstotheesti-
mationsof the power of thestudy. Therearefiveimportant
guestionsin regard to sample size *2:1) what is the main
objective of the trial ?—for example, to verify if acetylsali-
cylicacid hasany valueinthe prevention of post-infarction
death, which isdifferent from verifying if it prevents
infarctionorif it preventsdeath and re-infarction; 2) what is
the main outcome measurement?—for example, death due
to any cause within the first month of treatment, whichis
different from death dueto acardiovascular cause; 3) row
the data will be analyzed so that a difference in treatment
can be detected?—themost simpleformisthecomparison
of percentages, for exampl e, the percentage of deathsinthe
treated and placebo groups; a chi-sgquare test will be used
and asignificancelevel of 5% will beaccepted asshowing
evidence of adifference in treatment; 4) what kind of
outcomes can be anticipated with the standard treatment?
—for example, a10% mortality isestimated in patientsof the
control groupinthefirst month of treatment; 5) what is the
smallest difference in treatment considered important to
be detected and with which degree of precision?—itis
important to stressthat moderate reductions (for example,
20-25%) of theevent of interest can requiretherandomiza-
tion of thousands of patients’.
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To calculate of the sample size, one should consider
thealpha-level of significance desired to detect adifference
inthetreatment and thepower of the study, i. €., thedegree of
certainty that thedifference betweenthetreatmentswill be
detected, if it really exists. Analpha-error or typel erroris
theprobability of detecting adifferencethatinreality does
not exist, i. e., the probability of afalse-positive outcome;
alphaisusually stipulated as0.05. A beta-error or typel|
error istheprobability of not detecting adifferencewhenit
really exists. The power of the study is 1-beta, anditis
usualy stipulated as0.90.

Whenthenecessary sizeof thesampleistoolarge, the
trial can becarried out in several centers, constituting the
multicenter trial, which evidently requiresspecial measures
of organization and monitoring.

Trial organization and planning—Itisof fundamental
importanceto precisely define: 1) which patientsaredigible
for the study, through well-definedinclusion and exclusion
criteria; 2) which treatment is being assessed; 3) which
outcomes or endpoints are of interest to be analyzed; 4)
how theresponse of each patient will beverified.

Monitoring of the trial process — It is necessary to
monitor protocol adherence, adverse effects, data proces-
sing, and thetemporary analysesof the comparison among
treatments. The possible protocol violationsand deviations
should becarefully analyzed, such asnon-adherencetothe
treatment, participant dropout, incompl eteassessment, and
crossing between the study and control groups after
randomization. Thislast deviation, for example, occurredin
thenitrateversuscontrol arm of the study GISSI-3, inwhich
57% of the patientsrandomized for control received nitrate,
reducing the power of the study to detect a possible
difference between the two groups®.

Types of analysis —Analysiscan be performed using
two main formats*% 1) between those who havereally
completed thetreatment in each group; 2) accordingtothe
intentiontotreat, inwhich all whowererandomizedtoform
groupsareincluded, independently from having completed
or not compl eted thetreatment. Thislatter hasbeen prefer-
red, because it assures the maintenance of the random
groupsand assessesthetreatment inthereal world, withits
imperfections. However, it is necessary to know what
happened to those who have not compl eted the treatment,
aswell asif there was crossing between the groups. The
dimension of thesefacts should also beknown becauseif it
isvery large, thiscan represent bias.

Subgroup analysis — The fundamental result of a
clinical trial isthe description of the main outcome of
interest in each of the main groups undergoing treatment.
Although it may seem tempting to analyze the resultsin
specific subgroupsof patients, therearegreat risksinherent
to thisanalysis. Thefirst oneistheinadequate number of
patients, if the referred analysiswas not part of theinitial
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sample. Thesecondistherisk of bias, sincethe subgroups
selected according to characteristics considered after
all ocationto treatment may not be comparable, eventhough
they were selected from the groupsinitially randomized.
Third, whenagreat number of subgroupsisexamined, there
isan increased chance that some of them will show a
spurious statistically significant difference. A classical
example of thispossibility of spuriousassociation wasthe
analysis of the effect of zodiac signsin the | SIS-2 study,
suggesting that acetylsalicylic acid was beneficial to all
signs except Libraand Gemini to which there was an
apparent damage®°.

Potential bias — The potential sourcesof biasarethe
following: the process of selecting the groups, the aloca-
tionto treatment, the achievement of theinterventioninthe
proposed form, and the assessment of the results. Rando-
mization control sthefirst two steps.

A disruption in the follow-up and non-adherence of
theparticipantscanintroducebias, mainly if they arediffe-
rently distributed between the study and control groups,
and should always be mentioned.

Bias of assessment (also called of information, of
observation or of measurement) results from systematic
differencesin the way dataabout the event of interest are
obtained from the several groups being studied. They are
minimized when the double-blind techniqueis used with
placebos; however, it is nhot always possible, even using
this technique, to hide from observers and from the ones
observed, the groupsto which these latter belong.

Another interesting biasisrelated totrial publishing
and not to its development; thisis the publishing bias,
which isthe tendency to publish the studies with positive
results.

Factorial design —Inthisdesign, theeffectsof several
factorsareverifiedinonesingletrial. For example, inthe
study of drugsA and B, afactorial designwill evaluatefour
groupsof treatment: oneusing drug A, another using drug
B, another using drugs A and B, and acontrol group with
noneof thedrugs. Oneexampleis|SIS-2°, wheretheeffects
of acetylsalicylic acid, streptokinase, both, and none of
them in patients suspected of having acute myocardial
infarction (AMI) were assessed.

Cross-over type trial — Usually the trials make
comparisons between patients, and each patient receives
only onetypeof trestment. Sometimesit may beadvisableto
make sequential comparisonsinthesamepatient, i. e., each
patient of thestudy will receive morethan onetreatment. A
major problemwith theconventional parallel groupsisthe
fact that patientsvary alotinregardtotheir initial stageof
disease and their responseto treatment. A great number of
patientsin each group is often necessary to estimatein a
reliablemanner the magnitude of any differencein effect*2.

One should not mistake the cross-over design for the
“beforeand after” studies, inwhichal patientsreceivethe
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same treatment and their conditions are assessed before
treatment onset and in many stages after it, and are, in
effect, non-controlled studies?2.

Anexampleof thecross-over typetrial isthe study of
the GREAT Group on safety and efficacy of thedomiciliary
thrombolysis™:

163 groupA: ———p Hospita
domiciliary APSAC  Placebo

Randomization

148 groupB: ——» Hogpital
domiciliary Placebo  APSAC

Blind assessment —Also called blinding: Thejustifi-
cationfor thistechniqueliesin the potential of biasoccur-
ringwhenall individualsinvolvedinthetrial know which
treatment the patient isreceiving. In regard to the blind
condition, therearethree participantsto be considered: the
patient, the group of professionalsapplying thetreatment,
andtheevaluator *.

The Hawthorn effect refersto the tendency of indivi-
dualsto change their behavior because they are targets of
specid interest and attention, despite the specific nature of
theintervention they arereceiving. A way of controlling
thiseffect isthrough blinding and placebo use*.

The patients’ knowledge about receiving a new
treatment can have abeneficial psychological effect on
them and, in contrast, their knowledge of receiving a
conventional treatment or no treatment at all can havean
unfavorableeffect. It isobviousthat theimpact dependson
the type of disease and nature of treatment, but this
possibility should not be underestimated even in non-
psychiatric disorders.

In regard to the group of people applying the treat-
ment, decisionsrelated to changesin doses, particul arities
of the patient’ s examination, continuation of thetrial
treatment, and need for additiona treatmentsareusually the
responsibility of theassistant doctor, who caninfluencethe
course of treatment in several ways. These decisions can
beinfluenced depending ontheknowledgeof towhichtrial
group the patient belongs. The excitement about a new
treatment can also betransferred to the patient and causea
changein hisor her attitude, increasing the patient’s
adherenceto treatment, for example.

In regard to the investigators who evaluate the re-
sults, if they areaware of each patient’ streatment, thereisa
potential risk, for example, of registering more favorable
responses for the treatment they consider superior. Not
knowingthetrial groupshel psto avoid gauging bias, which
isalsominimizedwhenthefina event of interestisdefinedin
the most objective form possible. A gauging bias might
occur when theeval uation of responsetotreatment requires
clinica judgement. Eveninapparently well-defined events,
suchas AMI, clinical judgement ismany timesneeded in
borderline cases. In such cases, if thetreatment state were
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known, there could be atendency from the evaluator to
direct thefinal diagnosisinfavor of AMI or against it.
Theterm*“double-blind” referstothosetrialsinwhich
neither the patients nor the people responsible for their
assistance and evaluation know the treatment being
received. Inreality, in these cases, the three types of
participantsareblindinregard to thetreatment condition;
however, asthe sameclinicianswho work with therapeutics
are often the ones who evaluate the patient, the term
“double-blind” isadequate (itisnot commontorefer toatria
astriple-blind; usually theterm double-blindisused).

Placebo use —A placeboisasubstance of appearance,
form and administration similar to that of the treatment
being evaluated, but without the activeprinciple. Themain
reason for introducing controlswith placeboisto makethe
attitudes of the patientsin the study and control groups of
thetrial uniform. The placebo effect isaresponseto a
medical intervention that, despite being adefiniteresult of
it, has no relation to the specific mechanism of action®. A
basic principleto be considered isthat patients can not be
ethically assigned to receive placeboif thereisan alterna-
tivestandard treatment of established efficacy.

Ethical questions — Maybe the great catastrophe of
congenital anomaliesinduced by thalidomideinthe’ 60shas
been alandmark for discussion and implementation of
medical and public policesthat takeinto considerationthe
ethical aspectsrelated to the introduction of new treat-
ments. Since 1926, inthe USA,, it hasbeen required by law
that an efficacy test be performed before new drugs are
approved for marketing?.

The basic international document for ethical discus-
sionof clinical triadsisthe Helsinki Declaration from 1964,
revised in Tokyo in 19752. Among the national relevant
documentsaretheMedical Ethics Code® andtheResearch
RulesInvolving Human Beingsfromthe National Board of
Health . Even when the investigation is thoroughly
justified, some questionsdeserve consideration: one of the
main pointsisthe deprivation of the control group from a
new treatment to which thereis clear evidence of superio-
rity in relation to the conventional treatment. The non-
administration of an effectivetreatment to patientsisonly
ethically acceptableif there are doubtsin regard to treat-
ment efficacy; thesmall samplesize, informed by calcula
tions, sufficient to answer the question being investigated
should beused. Thestudy should beimmediately interrup-
tedif, duringitsconduction, thereisdefinitive evidence of
benefit or absence of benefit of the treatment in question.
The informed consent of the patient should always be
present.

All questions that have been discussed so far are
relatedtotheinternal validity of thetrial. Thedissemination
of the randomized trials and their use as a standard to
demonstrate therapeutical efficacy of drugs have caused
good-quality scientific evidenceto be available beforethe
introduction of new therapeutical agentsinto clinical
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practice. Another fundamental aspect to be discussed,
however, isthe possibility of generalization of thetrial
results. The external validity of astudy impliesthe possi-
bility of generalizing the results of the studied sampleto
other samples, beyond thetarget popul ation studied. It also
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involves patient and ethnocultural variations, severity
factors, in addition to considerations on the cost: benefit
ratio, risk, infrastructure, and so forth. These considera-
tions are justifiable only after the establishment of the
internal validity of thestudy.
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