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Abstract Proof of efficacy of a psychotropic medicinal

product is the key point of clinical psychopharmacology. This

especially concerns the licensing of a new compound, but

apart from this special case, lots of efficacy questions need to

be answered in clinical psychopharmacology, such as, e.g. the

question of the efficacy of a combination therapy. The meth-

odology of the scientific proof of efficacy has already had a

long tradition and has been developed further in the recent past

under different aspects. Especially the double-blind random-

ised parallel group comparison has been developed as a design

of highest methodological standard. However, often designs

have their place and justification under certain conditions and

in relation to certain questions. Although in the recent past,

with the over-emphasis of so-called effectiveness studies, the

inherent methodological limitations of these studies have not

been addressed properly (Möller in Eur Arch Psychiatry Clin

Neurosci 258:257–270, 2008), which in consequence deval-

uated the scientific merits of the classical double-blind ran-

domised control group study designs in the view of those

colleagues, who are not that experienced in study design

issues. Therefore, it seems to be timely and necessary to

review the principle standards and problems concerning the

proof of efficacy in clinical psychopharmacology.

Keywords Proof of efficacy � Clinical

psychopharmacology � Methodology

Basic principles of methodological approaches

in clinical psychopharmacology to proving efficacy

The rich spectrum methods commonly used in the clinical

evaluation of psychotropic medicinal products can be

divided according to different aspects, such as

• time aspects: retrospective and prospective procedures

• experimental quality: non-experimental, quasi-experi-

mental and experimental procedures.

The choice of procedure depends on the question being

investigated and the way of how the data can be collected.

There is no single, generally valid, ideal experimental

design. At the most there are optimal/most reliable designs

for answering certain questions and settings, whereby, in

addition to the actual scientific question, constraints

resulting from pragmatic, economic, ethical, and legal

problems have to be considered.

To generate hypotheses, non-experimental retrospective

or prospective studies are performed aimed at identifying

relations that can later be tested in prospective studies

designed experimentally [40, 42]. As a matter of princi-

ple, prospective and experimental studies have a higher

scientific value than retrospective and non-experimental

studies, respectively, since their results offer a higher

guarantee of unbiased findings (internal validity). Because

experimental studies are strongly reductionistic (e.g. they

may exclude very severe/psychotic depressions, severe

suicidal tendencies, interfering variables such as comor-

bidity, etc), the generalisability of their results to patients

in routine clinical care is limited [50]; this is particularly

true for placebo-controlled studies. For this reason,

besides the rigorous experimental study design repre-

sented by pivotal phase III studies, it is important to

perform additional studies with less restrictive
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methodology in order to obtain a complementary, better

generalisable view (external validity).

These methodologically less restrictive studies are often

performed as phase IV studies (see below), e.g. after a drug

has been licensed, since this phase in particular aims for

generalisability of the results. Most of these studies are

naturalistic observational trials and a much smaller number

are controlled studies with a randomised allocation of the

patients to the treatment groups. The randomised, con-

trolled studies in phase IV, however, are normally either

not blinded or have different restrictions to their design

compared to classical experimental approaches used in

phase III studies (see below).

Over the past years, interest has grown in studies that are

better aligned with the day-to-day care situation and that

has resulted among other things in numerous, sometimes

very large so-called ‘effectiveness studies’ (also referred to

as ‘real world studies’, ‘large simple trials’, or ‘pragmatic

trials’) in various indications. In recent years such studies

have been performed particularly in the USA, mainly with

massive financial support from governmental institutions.

Although these studies provide interesting information on

the circumstances in day-to-day treatment situations,

because of their methodological shortcomings they cannot

prove that the efficacy and/or tolerability results of the

methodologically strict phase III studies are false, but can

only give a complementary view [36].

The clinical proof of efficacy of medicinal products is

conventionally divided into four phases [2, 59] (Fig. 1):

• The main aim of phase I is to test in healthy subjects the

tolerability of a substance that has undergone pharma-

cological and animal experiments. Phases IIA and IIB

evaluate the evidence for therapeutic efficacy in a

smaller group of patients. Phase III aims to confirm the

results of phase II in larger patient samples. If the results

are positive and the risk–benefit ratio acceptable, these

confirmatory studies result in licensing. After introduc-

tion to the market, effectiveness and tolerability of the

drug are checked in phase IV, mainly in naturalistic

observational trials. Besides simple naturalistic analyses,

which focus on only one drug, these observational trials

[27, 28] can simultaneously include other comparative

drugs without compromising the naturalistic character of

the study [15, 45]. Drug surveillance methods, which are

mainly aimed at safety aspects, are also part of the

evaluation approaches in phase IV [12–14]. Randomised

controlled trials (RCTs) can also be a part of phase IV, as

shown by the ‘effectiveness studies’, for example.

Information about the current methodological standards

for licensing studies of psychotropic medicinal products is

given in the respective guidelines of the regulatory

authorities (Table 1), e.g. the respective guidelines of the

European regulatory authority, the European Medicines

Agency (EMEA) [9] and the respective guidelines of the

International Conference of Harmonisation (ICH) [17].

The double-blind randomised control group design

as the best proof of efficacy

The double-blind, randomised, parallel group comparison

(also often referred to as the double-blind randomised
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Fig. 1 The four phases of clinical studies

Table 1 General guidance documents for clinical studies from the

International Conference of Harmonisation, and for specific disorders

from the European Medicines Agency (EMEA); the current versions

can be accessed at the given websites

Guidance documents

ICH (http://www.ich.org/cache/compo/276-254-1.html)

Good clinical practice (E6 (R1))

Studies in support of special populations. Geriatrics (E7)

General consideration of clinical trials (E8)

Statistical principles for clinical trials (E9)

Choice of control group and related issues in clinical trials (E10)

Clinical investigation of medicinal products in the paediatric

population (E11)

EMEA (http://www.emea.europa.eu)

Schizophrenia (CPMP/EWP/559/95 ? Add.)

Bipolar disorder (CPMP/EWP/567/98)

Depression CPMP/EWP/518/97 Rev. 1)

Panic disorder (CHMP/EWP/4280/02)

Generalised anxiety disorder (CPMP/EWP/4284/02)

Obsessive compulsive disorder (CHMP/EWP/4279/02)

Social anxiety (CHMP/EWP/3635/03)

Post-traumatic stress disorder (CHMP/EWP/358650/06)

Alzheimer’s disease (CPMP/EWP/553/95 Rev.1)

Insomnia (CHMP/EWP/310566/07)

ADHD (CHMP/EWP/431734/08)

Smoking and nicotine dependence (CHMP/EWP/369963/05)
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control group study) is the most important and best method

to prove the efficacy of a pharmaceutical agent according

to regulatory demands [33, 44]. In such studies, the efficacy

of the test substance in patients of the experimental group

is compared with the efficacy of a placebo or of a drug

licensed for the same indication (standard drug), or with

the efficacy of both, in patients of the control group/groups.

The patients are allocated randomly either to the experi-

mental or the control group. Both the general efficacy of a

pharmaceutical agent and specific features such as dosage

or method of administration (peroral, intramuscular, etc)

can be evaluated with respect to efficacy and side effects.

The required sample size is determined a priori by a sta-

tistical calculation that takes into account both the expected

difference in treatment effect and the variance of the

variables.

Numerous problems arise from different influencing

variables (interference factors) that are included as a

‘random sampling error’ in the final result. The double-

blind, randomised, control-group design distributes the

sample-related influencing factors randomly between the

two groups compared. Even so, especially in small samples

some relevant influencing factors may be unevenly dis-

tributed, e.g. age, sex, diagnosis, duration of illness,

severity of symptoms, and it may be necessary to check the

relevance of these factors for the results in an ex post

analysis. The smaller the respective differences between

the groups at baseline, the more likely it is that a clear

result will be obtained.

The results of a study can be influenced by the

investigator. Besides intentional manipulation of results

of observation or incorrect methods of statistical analy-

sis—e.g. more favourable results of certain analyses are

perhaps reported instead of unfavourable results of the

statistical analyses specified a priori—one has to consider

in particular unintentional, biased observations on the

part of the investigator. Reasons for such a systematic

falsification include the Rosenthal effect, the halo effect

and logical errors. Also from the patients’ side different

biases of the results are possible, e.g. due to positive or

negative expectations, which do in the end influence their

behaviour and/or reporting. Thus, for good reasons the

double-blind design, in which neither patient nor inves-

tigator is informed about the administered drug, is the

most indicated approach to avoid these different biases.

Even the statistical analysis should be carried out under

these double-blind conditions. For these reasons regula-

tory authorities demand the double-blind design. How-

ever, beyond the process of approval, also the

methodological less restrictive non-blinded randomised

control group study, often referred to as RCT, is widely

accepted. Unfortunately, in times of evidence-based

medicine (EBM), the difference between blinded and

non-blinded randomised control group study is not as

much focused on as should be; e.g. several guidelines

only demand the results from RCTs for attributing the

highest level of evidence, without differentiating or even

preferring double-blind studies [43]. This has of course to

be regarded as a misunderstanding of the special values

of blinded studies and the limitations of non-blinded

studies.

Nosological diagnoses should be made on the basis of

recognised operationalised diagnostic systems like ICD-10

or DSM-IV and, if possible, confirmed in a standardised

semi-structured or fully structured interview [37, 53].

Treatment success should be evaluated with validated

scales, such as outlined in the Collegium Internationale

Psychiatriae Scalarum (CIPS) [39, 57]. The primary and

secondary efficacy criteria must be defined a priori in both

the study protocol and the biometrical analysis plans.

Besides the evaluation of efficacy, the standardised

assessment of side effects is of great importance.

Influencing factors and systematic falsification tenden-

cies can be largely reduced by the use of a double-blind

design and standardised evaluation procedures and the

careful choice of comparator. However, even small

‘peculiarities’, e.g. with respect to dose or efficacy criteria,

can determine whether Substance A is superior to Sub-

stance B or vice versa [16].

In addition to the double-blind or non-blinded random-

ised parallel group study, the group comparison can also be

performed in a sequential way, blinded or non-blinded,

following, e.g. an AB, ABA or ABAB design (where

A = placebo or another active substance, for example, and

B = study drug). This is a well-established procedure,

especially for pilot studies in small samples or for studies

in patients with rare diseases. This design type can even be

performed on an intraindividual level as a single case study

[30]. When this design is used, the possibility of carry-over

effects must be considered. It needs to be emphasised that

these ABAB designs and their variations are only of aca-

demic interest and are not accepted by regulatory author-

ities as proof of efficacy.

Depending on the question at hand (e.g. efficacy,

comparison of efficacy, side effects), more economical

and practical procedures can be used than the elaborate

ones described above. This is particularly the case for

exploratory studies of new psychotropic medicinal prod-

ucts, e.g. procedures without a control group or an in-

traindividual comparison, and single- or non-blinded

procedures. Non-experimental studies in the form of ret-

rospective or prospective follow-up observations, e.g.

naturalistic phase IV studies, also fall into this category;

these studies are useful as a heuristic method to investi-

gate effects and side effects of marketed drugs in patients

routinely treated with them.

Eur Arch Psychiatry Clin Neurosci (2010) 260:3–16 5

123



Univariate and multivariate designs

The fact that the experimentally varied or manipulated

independent variables are only a fraction of the total

number of variables responsible for changes in the

dependent variables makes clinical research with psycho-

tropic medicinal products, and treatment research in psy-

chiatric patients in general difficult. The effects of the

remaining influencing variables (interference factors) are

not controlled and are included as a ‘random sampling

error’ in the final result. The size of this error can be

analysed using the control-group procedure. Furthermore,

statistical analyses can be used to try to determine the most

important factors in the random sampling error; the effect

of these factors can then be evaluated in new experiments.

In clinical psychopharmaceutical research, the variable of

primary interest—the efficacy of the study drug—is nor-

mally abstracted from the other influencing variables. In

agreement with this approach, univariate experimental

studies are preferred, in which the other influencing vari-

ables are not varied or manipulated. Correlative associa-

tions between certain other influencing variables and

treatment results are normally only investigated in sec-

ondary analyses of the results of such univariate clinical-

psychopharmacological studies.

If several treatment-relevant factors are known from the

start, one can attempt to simultaneously estimate the effect

of these different factors and the interactions between them

by systematically varying several factors in an experiment

(Fig. 2). Such a multivariate dependence analysis is much

more informative than the univariate dependence analysis

described above. However, it requires a significantly larger

sample size, especially if one wants to include several

factors relevant for the treatment of psychiatric disorders.

For example, just 4 independent variables with 2 values or

modalities each yield a total of 16 cells. If each cell is filled

with only 5 patients, a total of 80 patients are required. In

case of 10 patients per cell, already 160 patients are

necessary and so forth. Thus, multifactorial approaches in

clinical psychopharmaceutical research soon reach the

limits of the available number of patients. If the influencing

variables are limited to a few at the start of a multivariate

study, the problem arises that although the factors con-

sidered to be relevant are distributed homogeneously in the

individual cells, the factors considered not to be relevant

are distributed inhomogeneously, which may have con-

siderable effects on the result.

Because of the above problems of multivariate depen-

dence analyses, the model of univariate dependence analyses

is consistently used in most clinical-psychopharmacological

trials. The underlying hypothesis is that all other factors

except for the drug variable can be neglected and their rel-

evance assessed in further statistical analyses. The increas-

ingly large placebo effects in clinical studies of

antidepressants [18, 20, 54, 55], which are also becoming

even more apparent in antipsychotic studies [24], with the

result that placebo-verum differences are becoming smaller

and smaller (Fig. 3), indicates that this strategy may not be

successful in the long term.

Different statistical analyses are used, depending on the

type of study. These range from simple comparisons of

means through correlation statistics and multivariate anal-

yses, such as analyses of variance and covariance, to sta-

tistical analyses of single-case studies. Every statistical test

is based on prerequisites that first have to be fulfilled. If

these are not fulfilled the test can normally no longer be

used. In all statistical analyses based on comparisons of

means, one has to consider that there is a considerable loss

    Psychotropic

drug I 

Psychotropic

drug II 

    male female male female 

Extroverts Age 20         

  Age 40         

Introverts Age 20         

  Age 40         

Fig. 2 Multivariate design with four independent variables, each

with two severities or modalities: 2 9 2 9 2 9 2 design

Fig. 3 Increase in the proportion of patients who showed at least

50% improvement of symptoms—measured with the Hamilton

Depression Scale—in clinical studies with antidepressants and

placebo; shown in relation to publication year modified from [58]
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of information when the data are reduced to the mean.

Additional statistical analyses should be used to try to

compensate for such losses of information. Beside these

dimensional analyses, categorical analyses of the frequency

of ‘responders’, ‘remitters’, etc are performed. Especially

the regulatory authorities demand them since they com-

plement results of analyses of means with case-related

statements and thus allow a better evaluation of the clinical

relevance of differences in mean values.

If different research groups of similar experience

achieve identical, statistically significant and clinically

relevant results in several studies, the results can be con-

sidered to be definite. Problems occur when different

studies with similar, acceptable standardised methods

produce conflicting results and when the conflict cannot be

explained or solved in further studies. If it is not possible to

explain contradictory results as being a consequence of

different interference factors or influencing variables, the

limit of applied research methods has been reached.

Despite general agreement on the basic methodological

principles of clinical-psychopharmacological research

described here, there are divergences and a wealth of

methodical problems in the realization of concrete research

projects. This does not refer to the fact that pragmatism,

economic constraints and requirements of practicability

often force protocol designers to distance themselves from

a methodology that is too puristic in face of the relevance

of the question being investigated, and that can also suffer

from organizational problems while being performed. It

goes without saying that scientists should try to obtain the

maximum amount of information with the minimum

amount of effort. Rather, this refers to the practical prob-

lems of research methods that occur independently of

economic requirements and pragmatic concessions.

Problems and necessity of placebo-controlled studies

Placebo-controlled studies have the highest informative

value [4, 8, 11, 22], although they have been discussed

critically [3, 46, 51]. Regulatory authorities consider them to

be the clearest proof of efficacy of psychotropic medicinal

products in indications like depression, anxiety disorders,

schizophrenias and dementia, among others. Of course, the

necessary ethical standards have to be adhered to, and only in

this case can studies be considered to be ethical [1]. The

ethical standards for placebo-controlled studies include

special demands on patient selection (e.g. exclusion of

severely suicidal patients); special rules for non-continua-

tion of the trial in an individual patient (so-called ‘stopping

rules’); rules for offering ‘rescue medication’ in critical

situations, etc. and established standard of overall care by a

team with experience in conducting clinical trials.

The clear position of important regulatory authorities

such as the American FDA and European EMEA, which

demand placebo-controlled studies as the best proof of

efficacy, is mainly based on the fact that in most psychi-

atric indications only placebo-controlled studies allow a

sufficiently sure statement about the efficacy of a psycho-

pharmaceutical compound to be made while exposing the

smallest number of patients possible to the study drug; this

approach is the only one that allows false conclusions to be

largely avoided in the face of a high placebo response and a

series of other special characteristics of clinical-psycho-

pharmacological studies. The alternative of testing against

a standard drug—suggested time and again by critics of

placebo-controlled studies—is significantly more prone to

errors and often results in an over-estimation of the efficacy

of the study drug. According to the European drug

authority, the best design is to test the study drug not only

versus placebo but also versus a standard drug for the

respective indication (3-arm design). Such an approach

allows efficacy versus placebo to be clearly demonstrated

and the side effect profile to be determined. At the same

time, one obtains important information about how the

efficacy and tolerability of the study drug compare with

those of a standard medicinal product. Incidentally, pla-

cebo research, i.e. which patients respond to placebo under

which conditions, is an interesting area of study [7, 23, 29,

47, 58].

In the following, we will discuss in detail the necessity

and problems of placebo studies. As discussed above, the

randomised, double-blind, parallel control group design

with the smallest possible variance is the best approach to

prove efficacy. Thus, it is mandatory from the viewpoint of

drug authorities. The question arises which treatment

should be given to the control group(s). Non-treatment

(‘waiting list’) is not an option in studies of drugs because

blinding would be impossible. The remaining options

include a double-blind comparison of different dosages of

the experimental drug, versus an active reference drug or

versus placebo, i.e. versus preparations identical in every

way except that they do not contain the active substance

(identical not only in appearance but also with respect to

the galenic excipients, weight, taste [even when bitten],

etc). Since the dose-efficacy relationship of psychotropic

medicinal products is often not sufficiently pronounced, the

comparison of distinct dosages does often not lead to clear

dosage recommendations. Therefore, the remaining options

are comparison to placebo or comparison to an active

reference drug (standard treatment).

As for the active comparative studies, there are two

principal options: the superiority design or the non-supe-

riority (equivalence) design. Testing for superiority over a

standard drug licensed to treat the respective indication is

considered to be a feasible alternative to proving efficacy in

Eur Arch Psychiatry Clin Neurosci (2010) 260:3–16 7
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a placebo-controlled study. However, such a design can

seldom be realised because new drugs do not usually have

better efficacy, or it is difficult to prove that they do. Thus,

judiciously no regulatory authority demands proof of

superiority over available treatment options as a require-

ment for licensing but ‘only’ proof of efficacy per se.

Although superior efficacy would of course be welcomed,

such a demand would represent a significant obstacle for

research and progress, with disadvantages for future

patients. It would be impossible to develop drugs with only

similar efficacy but better tolerability and safety. Com-

pounds with new mechanisms of action but no increased

efficacy could not be submitted for marketing authorisation

and the chance would be lost to identify drugs for patient

subgroups of certain disorders that require a more specific

treatment.

The non-inferiority trial versus a standard treatment is

considered to theoretically be a possible alternative to the

placebo-controlled design. Such equivalence designs may

require smaller sample sizes (depending on the differences

considered to be clinically relevant) than tests for superi-

ority over standard drugs; however, they require much

larger sample sizes than placebo-controlled studies, which

has ethical implications. Of course, this procedure assumes

that the chosen reference drug really is effective (and is

applied at an effective dose); in this case, effective implies

that the reference drug has systematically proven itself to

be significantly superior to placebo. However, this is by no

means self-evident. For example, one can assume that one

in three placebo-controlled studies of an antidepressant

generally accepted to be efficacious will fail to show

superiority over placebo [38].

Thus, even if the study drug appears to be effective in

the equivalence/non-inferiority test, it cannot be ruled out

that the study has failed, i.e. that in this study both drugs

were (similarly) ineffective, e.g. due to lack of assay sen-

sitivity of the trial. It must also be considered that in the

equivalence test, as in every test of active substances, the

investigator and patients know the treatment is an active

substance; the subsequent expectations of a positive treat-

ment result (‘bias’) can reduce the variances and possible

group differences and thus favour the false presumption of

either equal efficacy or even efficacy at all (despite actual

inefficacy). Finally, the unintentional unblinding through

observation of side effects can have similar effects. Thus,

in principle, the placebo control is also necessary to prove

efficacy in indications for which effective drugs are

available, unless other reasons oppose it; in this case, after

evaluation of the more important interest, a poorer quality

of data has to be accepted.

The placebo control is also favoured from an ethical

point of view because it allows the smallest sample sizes.

As a positive side effect, the study results are obtained

more quickly, which can lead—in the case of negative

results—to the discontinuation of any studies being per-

formed simultaneously and can thus help protect patients.

Nevertheless, the double-blind, randomised, parallel-

group comparison with placebo is necessary but not suffi-

cient to prove efficacy.

If proof of superiority over placebo is not obtained in a

two-arm, randomised, parallel-group comparison, the study

is negative in terms of proving efficacy. But a more cau-

tious interpretation of such a study result would be that the

study may have ‘failed’ due to insufficient control of

sources of error, like lacking assay sensitivity, e.g. caused

by drug unresponsive patients. If a standard drug is avail-

able for the indication at hand, this interpretation problem

can a priori be avoided by comparing the drug with placebo

and an active reference drug in a three-arm, double-blind,

randomised, parallel-group study. This is the optimal study

design because it combines the advantages and disadvan-

tages of a placebo and an active control (see Table 2). If in

such a study the study drug and active reference drug do

not differ from placebo, the study has clearly ‘failed’

(‘non-conclusive study’, where clear conclusions regarding

the experimental drug cannot be obtained due to apparent

lack of assay sensitivity). If only the reference drug is

superior to placebo, but not the study drug (experimental

drug), the experimental drug is (probably) ineffective

(‘negative study’ regarding the experimental drug). Last,

only this design allows the absolute effect size to be esti-

mated because the placebo arm acts as an anchorage. From

an ethical point of view, such a three-arm design should

therefore be favoured, since only this design allows the

maximum amount of knowledge to be obtained. Part of the

ethical justifiability of a clinical study is that the study

should achieve the highest possible informational value.

After all, this is the only possibility to make a valid eval-

uation of the efficacy in comparison to existing treatment

options (relative effect size).

Various parties question the ethical justifiability of a

comparison with placebo. This criticism can be summa-

rised in the following arguments [11]:

• The patients assigned to placebo are deprived of an

effective treatment, which not only impairs their quality

of life unacceptably but also puts them at danger of

suicidal behaviour.

• In view of the availability of effective treatments, the

only interest in new drugs is whether they are more

effective than the previous ones; if demands were made

for the development of more effective drugs, the

development of dispensable ‘me-too’ drugs would be

slowed down and innovative advances thus stimulated.

• Placebo-controlled studies are not representative since

the recruited collective has been selected through their

8 Eur Arch Psychiatry Clin Neurosci (2010) 260:3–16
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willingness to participate in such studies. The transfer

of the results to the clientele ultimately treated with the

licensed drug under everyday conditions is therefore

questionable (‘efficacy’ vs. ‘effectiveness’) [36]. The

results of placebo-controlled studies are therefore not

clinically relevant.

• Finally, even if the patient has given informed consent

and the ability to do so has been objectified, it cannot be

assumed that the consent to participate in a placebo-

controlled study can actually be given rationally. The

ethical questionability starts with imposing on the

patient the decision whether to give consent.

In principle, such points of criticism are legitimate.

However, if one considers the arguments given above for

the scientific necessity of placebo controls, it becomes

clear that the consequence can be just as little a categorical

rejection as a categorical endorsement of placebo-con-

trolled studies. Rather, each indication and each planned

study requires an individual evaluation of the more

important interest, as is explicitly demanded by the rules

for conducting clinical studies and the Declaration of

Helsinki (‘‘Concern for the interests of the subject must

always prevail over the interests of science and society’’).

It was explicitly stated by this European drug authority that

placebo-controlled psychopharmacological studies do

principally not offend against the EMEA/CPMP 2002

regulatory authority [9].

Between the outlined extremes, there are several alter-

natives to choose from. In the interest of guaranteeing

effective treatment of patients, the general public is entitled

to a proof of efficacy with a method in line with modern

science. As a matter of principle, proof of efficacy there-

fore requires placebo-controlled studies, whereby three- or

multiple-arm, placebo- and reference drug-controlled

studies represent the optimum in the interest of clear and

interpretable study results. This basic principle ceases

where the participating patient is at risk of being harmed

unacceptably. (Essential) altruism has limits. The risk of

harm can be at least reduced by suitable modifications to

the study design without questioning the principle of a

double-blind, randomised, parallel-group comparison with

placebo. For example, based on their metaanalysis of pla-

cebo-controlled studies of antidepressants, Kirsch et al.

[19] even asked whether antidepressants are superior to

placebo in a clinically relevant matter.

Placebo treatment is not completely ineffective: there

are large placebo effects in psychopharmacotherapy in

particular. Amongst others it is rather the case that simply

the expectation of a positive treatment result increases the

probability of one. This expectation is probably the deci-

sive mechanism of the placebo effect. In addition, in the

framework of controlled studies there are effects of the

increased level of care given to patients, among other

things. The ethical implications of the fact that placebo is

also an effective treatment (‘placebo’ means ‘I shall

please’) are given little consideration in the discussion of

the ethical justifiability of placebo-controlled studies. The

patient is not actually being deprived of treatment but (if

the study drug is effective) of part of the maximum

achievable effect. Placebo treatment has advantages with

respect to tolerability and safety. Thus, principally the

same is asked of patients treated with placebo as of those

treated with study drug. If one supports the development of

new drugs, therefore, one inevitably expects altruistic

behaviour from patients for the clinical study phase.

However, as a matter of principle this altruism is only

Table 2 Advantages and

disadvantages of using an active

control or placebo in clinical

studies

Advantages Disadvantages

Placebo-

controlled

studies

Allow estimation of the assay sensitivity

and thus internal validation of the study

Perhaps higher risk from ‘non-treatment’

Allow better evaluation of the clinical

relevance

Perhaps more limited generalisability of the

results to the general population

Smaller sample size

Lower study costs

Studies with an

active control

Supply data on relative efficacy and

tolerability

Risk of false positive studies because assay

sensitivity is lacking

At least theoretically no inactive

treatment

Equivalence/non-inferiority not suitable as

proof of efficacy

Fewer drop-outs due to lack of efficacy Active comparator may not be standard

therapy

May be more acceptable to an ethics

commission

More drop-outs due to adverse events

Tendency to minimise efficacy differences

Larger sample sizes

Higher study costs

Eur Arch Psychiatry Clin Neurosci (2010) 260:3–16 9

123



temporary. Through his or her altruistic behaviour the

patient confirms the overall cross-society consensus that

there is a need for social and at the same time altruistic

behaviour. The altruism demonstrated through participa-

tion in placebo-controlled studies is part of and an

expression of the principle of social equalization and the

solidarity of the general population.

The demands to test only for superior efficacy in treat-

able disorders, which would make a comparison with pla-

cebo dispensable, are opposed by the legitimate ethical

demands to choose a study methodology that allows the

required sample size to be minimised. In addition, these

demands would significantly delay progress in improving

the tolerability of drugs and developing drugs with new

modes of action (see above), among other things, or make

such progress impossible. Only brief mention will be made

here of the legal reasons why ‘only’ proof of efficacy and

not of superior efficacy is required for licensing of

medicinal products.

It is true that the patients participating in placebo-con-

trolled studies represent a selected group (‘selection bias’),

so that the question of the generalisability of results of such

studies is important. Such studies actually include only 5–

10% of the screened patients who have a general indication

for treatment. The exclusion of suicidal patients is of par-

ticular concern in psychopharmacological studies. But until

now there is no positive empirical proof for a lack of

generalisability of the results [52]. This is also supported

by internal evaluations performed by the regulatory

authorities. By way of precaution, however, it should be

required that the reasons for exclusion from the study, and

all data of scientific relevance for the study, are docu-

mented for all patients who were suitable for recruitment

but were not included, for whatever reason; the same data

should also be recorded for included patients in order to

allow their representability to be checked. Moreover, pla-

cebo-controlled efficacy trials alone are insufficient any-

way: additional studies are required, e.g. versus standard

drugs, and sometimes less strict methodological demands

should be placed on these studies.

A patient’s decision to participate in a placebo-con-

trolled clinical study, even for altruistic reasons, requires

them to be capable of giving consent and to receive

detailed information about the study. Questioning the

autonomy and rationality of this decision with the argu-

ment that altruistic decisions cannot be rational per se

contradicts the principle of social equalization that is

characteristic of a democratic welfare state. The altruistic

participation in a clinical study is an example and

expression of this principle and therefore it is rational. It is

exactly in the interests of protecting personal autonomy to

leave the decision to the patient. In this respect the

approach in clinical studies is not different to the general

approach: in the end every medical decision rests with the

patient. This freedom (autonomy) is actually a burden, but

this burden is relativised by the fact that the patient can

revise his or her decision at any time without having to give

a reason or fear any negative consequences.

General requirements and interference factors

in clinical studies

The administration of placebo in the control group or in

the control phase of intraindividual comparisons and the

subsequent ignorance of the patient and investigator about

the type of medication (blind conditions or double-blind

conditions) are supposed to rule out expectations of the

patient or of the patient and investigator and associated

auto- or heterosuggestion effects, all of which could fal-

sify the study results. These methodological objectives are

generally accepted but their realisability has been ques-

tioned [5, 49]. Time and again, investigators or patients

manage to differentiate the placebo from the verum

through certain phenomena (external appearance of the

drug, physicochemical properties, side effects, etc). In

such cases, the test result can be decisively influenced by

expectations and placebo effects, the consequences of

which are very difficult to assess. The reaction to placebo

has been found to be a very complex phenomenon that

depends on numerous factors, e.g. dosage, appearance and

taste of the drug, treatment duration, patient’s personality

and the stress character of the situation. The situation is

probably similar as far as the investigator’s expectations

are concerned (Rosenthal phenomenon) but this phe-

nomenon has not yet been investigated in such detail. To

realistically assess the relevance of these factors it may be

meaningful to record the patients’ and investigator’s

expectations regularly during a study, whereby one must

keep in mind that these may change over the course of

treatment. Furthermore, if the investigator records such

data it may tempt him to focus his attention particularly

on such phenomena and effects, which in turn can rein-

force this observational error. The investigator’s expec-

tations, e.g. that there will be an improvement the longer

the treatment continues, can be misdirected by making

videos of the psychopathological findings and showing

them in a different order. Some experts demand that

placebos should ideally not only look like the verum but

also have its side effects in order to make it difficult to

identify verum and placebo on the basis of these effects

[6]. This procedure is not usually adopted since it also has

its disadvantages.

There are no binding rules as to how long a patient

should be treated with a study drug in the framework of a

clinical psychopharmaceutical study. The following are
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considered to be meaningful durations for trials of acute

(short-term) treatment conditions and are recommended by

regulatory authorities: 2–4 weeks for tranquilizers; 6–

8 weeks for antidepressants; 6–8 weeks for antipsychotics;

and 6–12 months for anti-dementia treatments. Depot

preparations require longer study periods. Discrepant

results between two different research groups can probably

be explained in part by different study durations and

methods of drug application. The demand for binding rules

about study durations to be specified for an assortment of

known psychopharmacological questions, in order to

increase the comparability of different studies, has been

unsuccessful; one reason is that the adequate study duration

is strongly dependent on the pharmacokinetic characteris-

tics of the substance being investigated. One disadvantage

of too short study duration can be that specific clinical

effects are not recognised because they only occur after a

sometimes considerable latent period.

There are also no binding rules on the choice of dose. In

the first open studies of a substance, the dose can be freely

adjusted whilst taking into account the pharmacokinetic data

found in animal experiments and the toxicological threshold

values. Controlled studies then aim to prevent dosing dif-

ferences by using a fixed dose design. However, such a

design may favour one of the two preparations being com-

pared since the chosen dose level can deviate by different

amounts from the optimal dose of the two drugs. In addition,

the determined result can only be applied to the dose level

used. Flexible dosing has the advantage that a further-

reaching generalisation of the results is made possible by

closer similarity to the everyday therapeutic situation.

However, the analysis is thereby made more complicated

since it is often very difficult to relate a dose increase or

reduction to an observed effect. As a compromise, the fix-

flexible design is often preferred, which allows the dose to be

adjusted within predefined limits and time points.

There are also no set rules about the duration of wash-

out periods before treatment or between two treatment

phases. It is known from the results of pharmacokinetic

investigations that after treatment with antidepressants a

placebo period of preferably 7 days, after neuroleptics one

of even 30 days would be appropriate. However, consid-

erably shorter wash-out periods, e.g. 3–7 days, are usual in

clinical care since a longer treatment-free phase is not

considered justifiable because of practical clinical

requirements and ethical reasons and because too long

wash-out or placebo phases may mean that the spontaneous

course of the disorder interferes with the conduct of the

study and its results. Also, placebo run-in phases with their

high drop out risk should not be included in pivotal phase

III licensing studies because they can further reduce the

generalisability of the study results to the general

population.

If a sedating or sleep-inducing co-medication is neces-

sary, preferably only one drug should be allowed.

Administration of the same co-medication is an absolute

requirement, particularly if additional biological parame-

ters are being measured and the results will later be com-

pared with those of other studies. Overall, co-medication

should be limited as far as possible in order to achieve the

best possible differentiation between the two experimental

groups and not endanger it through these and other inter-

ference factors.

The term influencing variables (interference factors)

refers to variables that influence the evaluation of the effect

of variables of action, which in psychopharmacological

studies is the effect of the drug. Thus, to be able to clearly

analyze the effect of the variables of action, strategies have

to be chosen that allow measurable influencing variables to

be evaluated separately and that distribute the non-directly

measurable influencing variables evenly over the treat-

ments being evaluated.

One can distinguish between four sources of interfer-

ence factors: patient, therapist, treatment milieu and

patient’s private milieu [48]. The patient’s influencing

variables can be further subdivided into personality spe-

cific, disorder specific and socioeconomic. A subdivision of

the influencing variables into given and changeable vari-

ables is of more practical relevance. Given influencing

variables include age, sex, disorder, course type of the

disorder (e.g. acute, chronic), severity of the disorder (e.g.

mild, severe, previously treatment resistant), previous

course (e.g. time of first manifestation, average duration of

a manifestation), start of the current episode, previous

treatment and number of previous treatment attempts.

Changeable interference factors include variable duration

of treatment, different dosing, co-medication, change of

investigator, different measurement methods and mea-

surement criteria.

Particularly noteworthy are influencing variables

resulting from the possible systematic falsification of the

observation on the part of the investigator:

a. Rosenthal effect: The result of an evaluation is

influenced by the investigator’s expectations.

b. Halo effect (Thorndike): The result of an evaluation is

strongly influenced by knowledge about other charac-

teristics or the overall impression of study subjects.

c. Logical error (Newcomb): The result of an evaluation

is influenced by the investigator only including such

observations of detail that appear appropriate within

the framework of his or her predetermined theoretical

and logical concept.

While at randomization the influencing variables should

be evenly distributed between the groups being studied in

controlled studies—provided that the sample-size is large
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enough—and therefore can be ignored when evaluating the

specific efficacy of a pharmaceutical compound, this is

different for the interpretation of the results of uncontrolled

pilot studies. Here it is very important to account meticu-

lously for the different influencing variables. For example,

a negative result of antidepressant treatment in a sample of

previously treatment-refractory depressive patients would

be evaluated differently from such a result in a sample of

unselected depressive patients.

Problems of sample composition

Statisticians want samples in confirmatory studies to be as

large as necessary to allow clear statements to be made and

to avoid the ‘error of the small number’ (underpowering,

so-called beta-error problem). The larger the sample, the

smaller the differences that can be recognised in statistical

analysis of the data. General rules about the correct size of

a study sample do not exist because the size depends on

various factors. There are formulae, however, that allow

sample size to be estimated on the basis of the variance of

the primary efficacy parameter and the anticipated differ-

ence in the primary outcome parameter between the com-

pared groups at the end of the treatment. The sample sizes

thus calculated, often, especially if research resources are

limited, exceed the number of available patients, espe-

cially, for example, if small differences between the groups

are to be determined. This is explained in the following

example. If the expected placebo-verum difference in

responder rate is [20% (it is essential that ‘response’ is

defined in the study protocol!), 90–110 patients per treat-

ment arm are required, if the following is specified:

2a = 0.05; b = 0.20 (a-error = 0.05; b-error = 0.20). For

continuously distributed random variables, the required

sample size can be estimated from the relation ‘relevant

difference d/standard deviation s’. The following treatment

group sizes result from 2a = 0.05 and b = 0.20:

d ¼ s, d ¼ 3s=4; d ¼ 2s=3; d ¼ s=2; d ¼ s=3; d ¼ s=4

n ¼ 17; n ¼ 29; n ¼ 37; n ¼ 64; n ¼ 143; n ¼ 253

Multi-centre studies are normally required so that a

sufficient number of patients can be recruited [10], which can

raise new problems as regarding insufficient comparability

of the samples as well as redundant interrater reliability. For

example, there may be differences in symptom definitions,

estimates of symptom severity, use of diagnostic terms, etc.

The more uniform the samples with regard to diagnosis,

duration of illness, age, severity of symptoms, etc, the easier

the analysis and the greater the probability of obtaining

clear results. However, these advantages of a homogeneous

sample are accompanied by a poor generalisability of the

results to therapeutic practice because such a sample does

not represent the basic population of patients being treated

in routine practice (i.e. there is no external validity). For

example, in studies of psychopharmaca the age limit is often

set at 65 to avoid interference from psycho-organic symp-

toms. Completely unexpected effects may occur if these

drugs are later used in clinical practice, e.g. to treat patients

with comorbidities or older patients, without specifically

having tested them before in this age group. This problem is

taken into account especially in the effectiveness (‘real

world’) studies performed as RCTs [25]. However, to

ensure external validity these studies contravene the basic

principles of internal validity of the design [34, 36]. In

explorative studies a very heterogeneous sample can actu-

ally stimulate generation of hypotheses more intensively

than one with a narrower range of characteristics (external

versus internal validity).

Despite the introduction of internationally accepted,

operationalised classification systems for mental disorders

(ICD, DSM), a relevant inter- and intrasubject uncertainty

factor remains in the diagnosis of psychiatric disorders.

This is known from numerous reliability studies on psy-

chiatric diagnostics. The use of operationalised diagnostic

criteria and standardised procedures [53] allows the prob-

lem of diagnostic classification to be largely but not com-

pletely solved in many areas [35]. DSM-IV/DSM-IV-TR

diagnoses in particular have gained international accep-

tance and are preferred by regulatory authorities. Nosologic

diagnostics should not only be aimed at the indication

under investigation but also cover comorbidity, which is an

important influencing factor. In addition to the nosological/

syndromatological diagnostics, assessment of the severity

of the symptoms is necessary. The predetermined exclusion

and inclusion criteria have to be respected to ensure the

homogeneity of the study sample [39].

Despite the described improvements of psychiatric

diagnostics, considerable inhomogeneities are still possi-

ble. It may be possible to reduce these by using case

definitions that also cover other levels, such as bio-

chemical factors, psychophysiological factors or person-

ality factors. For example, patient groups with completely

different biochemical reactivity may be hiding behind the

clinical diagnosis of depression, and this could be

responsible in part for differences in response to the

distinct psychotropic medicinal products. The situation is

similar for personality factors. Patients with the same

diagnosis may have different personality characteristics,

which may explain differences in response to psychotro-

pic medicinal products and placebo and in the subjective

assessment of the effects of psychotropic medicinal

products and placebo [41].

Demands have been made that the medication should be

the only difference between patient groups being compared

in a univariate psychopharmacological study. Other
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possible influencing factors should be evenly distributed

between the treatment groups (structural equality). Differ-

ent procedures are applied to guarantee structural equality.

Randomization aims to assign patients to the experi-

mental or control group strictly by chance (coin-tossing

principle, random number tables, computerised procedures,

etc.) and to thus achieve structural equality of the two

groups. Each patient has exactly the same chance to be

assigned to one or the other group. When assignment is by

chance one can expect that the influencing variables other

than those being investigated will not falsify the results

since they will have similar effects in both groups. How-

ever, this is only true for large samples. If samples are

small there is a danger that despite random assignment the

two groups will differ with respect to various variables,

such as psychopathological findings, psychosomatic fac-

tors, anamnestic characteristics, etc. This lack of balance

has to be considered in the analysis in order to avoid results

caused by this imbalance being wrongly attributed to the

therapeutic intervention. In such cases, strict random

assignment has reached the limits of its possibilities.

Stratification (layering) achieves a priori a balanced

distribution of relevant influencing variables over both

groups, also when sample sizes are small. Parallelization is

used to put patients in whom certain variables are similar

into different pairs or blocks so that the differences

between the units of observation are small within a block

but relatively large between the blocks. The patients of the

two blocks are then randomly assigned to the experimental

or control group. This procedure allows one to assume that

the two groups are structurally equal as far as certain rel-

evant variables are concerned. Although this procedure is

feasible if there are two or three known, relevant influ-

encing variables, it reaches its limits if a group has to be

parallelised with respect to a large number of influencing

variables. In such cases, complicated procedures can take

things further, for example the ‘minimalization method’

proposed by Taves [56] in which randomization is per-

formed on the basis of the difference from a pattern of all

given influencing variables.

After completion of a study, homogeneity tests and

sensitivity analyses can be used to evaluate whether the

criterion of structural equality of both groups was fulfilled,

whether there were any centre-dependent effects, etc.

When such analyses are performed for small randomised

samples, it often becomes apparent that the structural

equality of several criteria is unsatisfactory. The syndro-

matic construction of disorders, different psychopatholog-

ical characteristics, duration of illness, type of course,

psychophysiological reactivity and biochemical parame-

ters, etc, are most probably the reason why different results

are often obtained in the different study centres of a multi-

centre study, even though test conditions are apparently the

same and the same study drug is used. Since these days

many multi-centre studies are performed in several coun-

tries or continents, it is standard practice to foresee the

applicable analyses in the protocols of such studies.

The statistical analysis of clinical-psychopharmacolo-

gical studies is performed according to modern statistical

standards and is determined a priori in a biometric analysis

plan. It must be confirmed that the preconditions for the

test procedures are fulfilled. If the requirements for para-

metric procedures are not fulfilled, non-parametric methods

have to be applied. The statistical analysis evaluates dif-

ferent samples:

• ‘Intent-to-treat sample’: All patients are analysed who

were included in the study, evaluated at least once and

received active medication. For statistical analysis, the

last recorded value is carried forward to the later

evaluations (‘last observation carried forward’ [LOCF]

method).

• ‘Observed-case sample’(often referred to as the ‘effi-

cacy’sample): All patients are analysed who were in the

study during the periods being evaluated and who

received medication during this period. The number of

cases analysed with this method is smaller than the

intent-to-treat sample.

The observed-case analysis (OC analysis) provides

information about how good a response is principally

possible if a patient has continually taken the medication.

This analysis overestimates efficacy so that the regulatory

authorities demand an intent-to-treat (ITT) analysis as the

decisive analysis. However, the ITT analysis also has its

singularities, for example because of the carrying over of

the values of drop-out patients. For this reason, additional

analysis methods, e.g. the mixed-effects models repeated

measures (MMRM) method [21, 26], have been proposed

in order to better balance the respective advantages and

disadvantages of the two methods.

The ITT analysis is more discerning than the OC anal-

ysis and in the view of the regulatory authorities therefore

represents the method of choice in confirmatory studies; if

both analyses are available, however, the OC analysis

provides important additional information. In psychiatric

indications, the large number of study drop-outs often

causes sizeable problems for the interpretation of study

results. The statistical analysis plan must therefore describe

how to deal with high drop-out rates and missing data. The

LOCF method cannot always be considered a conservative

analysis procedure in this context: in dementia disorders,

for example, the symptoms of interest continually worsen.

One must differentiate between a priori specified anal-

yses of efficacy and tolerability parameters and ex post

analyses. The a priori specified analyses are of greater

importance; as a matter of principle ex post analyses can
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only be seen as having supportive value and generating

hypotheses, but never as being confirmatory.

Documentation and evaluation of success

Besides structural equality of the patient groups under

investigation, equality of observations is essential, i.e. all

patients should be observed and evaluated by the same

investigators using the same procedure and at the same

times. The psychopathological findings are the main cri-

terion in the evaluation of psychopharmacological efficacy.

Besides changes in the psychopathological findings, chan-

ges in the physical-neurological findings and of clinically

or theoretically relevant biochemical parameters can be

recorded, especially in order to detect side effects.

Because simple clinical evaluation of findings proved to

be unreliable for psychopharmacological research, evalu-

ation scales were developed to allow quantified documen-

tation of findings [39]. These standardised evaluation

procedures can only be used to their full advantage if

investigators practice the use of the instruments in inter-

rater reliability training. A collection of important scales

for psychopharmacology was published by the CIPS [57].

The recording of findings can be supplemented with psy-

chometric performance tests, e.g. performance tests in the

areas of perception, learning, retentiveness and psycho-

motor skills.

Besides the evaluation of the psychopathological find-

ings by a psychiatrist, other sources and levels of infor-

mation can be included, e.g. observer evaluation of

psychopathological abnormalities by nursing staff or rela-

tives, and completion by patients of self-evaluation scales

to assess their state of mental health. The inclusion of

several levels and sources of information can widen the

documentation base in terms of multi-level or multi-

method diagnostics so that a complete picture of the

changes occurring during treatment with psychopharmaca

can be obtained and subtle differences of effect can be

determined. Especially in the recent past the subjective

dimension in terms of ‘well being’ or ‘quality of life’,

judged by self-rating of the patients has become an

important complementary outcome criterion.

The analysis relates all findings recorded during the

study to the baseline findings. Because the correct

recording of baseline values can be affected by certain

factors (e.g. carry-over of drug effects, the fact that it is the

investigator’s first contact with the patient), multiple

assessment of the baseline findings is desirable, e.g. by

independent assessors not involved in the direct treatment,

to obtain as reliable as possible baseline data.

If different measuring instruments are used to assess the

same constructs, the correlation of the total score for

different severities of mental disorders should remain

constant. A lack of constancy of the correlation, e.g. before

and after treatment, indicates that the scales are measuring

different things at different severities of the condition. This

phenomenon is known from analyses of the factor structure

of scales that were mapped from test people under and not

under the influence of psychopharmaca. Among other

things, divergences can occur because a self-evaluation

scale of depressivity mainly evaluates subjective psycho-

logical experience, but an observer-rated scale additionally

assesses objectively observable abnormalities of behaviour.

These discrepancies between observer ratings and self-

ratings are understandable if one assumes that patients with

less severe depression can give considerably more verbal

information about their subjective experience of their

condition than severely ill patients [31, 32, 39].

It is important that the main efficacy criterion or criteria

for the confirmatory testing are specified a priori in the

study protocol and biometric analysis plan. This is espe-

cially important in assessment approaches with multiple

methods because chance significances may otherwise occur

during multiple statistical testing, which may then be given

as a proof of efficacy, if the statistical problems are not

recognised. Any evaluations that are not related to the main

efficacy criteria specified a priori must be considered to be

merely descriptive; any significant results would therefore

need to be confirmed in a study designed for this purpose.

An alpha adjustment is required if several main efficacy

criteria are used. At least one of the main efficacy criteria

should come from the area of observer-rated psychopa-

thology and be as closely related as possible to the area of

indications of the substance being tested.

To improve the comparability of different clinical

studies of the same substance or substances with the same

therapeutic objectives, it would be important that the same

measurement scale be used, at least for the main efficacy

criterion. In this context—at least as far as European psy-

chiatry is concerned—collections of scales are important in

which authorised translations of relevant scales are pre-

sented in several European languages [37]. As far as

comparability on an international level is concerned, the

HAMD (and the successor of the MADRS) and BPRS (and

the successor of the PANSS) have established themselves

as the ‘standard meters’ for depression and schizophrenia,

respectively [39], despite their weaknesses. These proce-

dures should be supplemented with audiovisual recordings

to train the investigators and documentation of the inter-

rater reliability.

Thorough methods of assessment must also include the

recording of adverse events. An unstructured recording of

adverse events that is only based on spontaneous comments

results in underreporting and, also for other methodological

reasons such as poor reliability, does not correspond with
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modern methodological standards. A new drug safety

system has been in use in Europe since 2004; it is based on

uniform definitions of medical terms, e.g. according to

MedDRA, and on compulsory reporting of adverse events

in clinical studies (several respective ICH Guidelines on

Clinical Safety—E1, E2A-F—are available; the current

version can be found at: http://www.ich.org/cache/compo/

276-254-1.html). When applying for licensing of a drug, a

pharmaceutical company also has to submit a detailed

description of the planned pharmacovigilance system and

action plan for risk surveillance, based on the results of the

studies performed with the drug.
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