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MINI-REVIEW

C Ohmann, J Albrecht. Lessons to be learned for gastroenterol-
ogy from recent issues in clinical trial methodology. Can J Gas-
troenterol 2000;14(4):293-298. Randomized trials are the
preferred tool for patient-oriented research, and their main role is
to enable the transfer of results from basic research to routine ap-
plication. While the need for randomized trials is evident, con-
ducting these trials is becoming increasingly difficult and
complex. This article reviews actual and conflicting issues of clini-
cal trials with respect to gastroenterology. Major problems in trial
design are neglect of previous research, inadequate sample size cal-
culations and irrelevant outcome criteria. Significant trial man-
agement problems include subversion of random allocation, and
the design of systems and procedures that are inefficient, ineffec-
tive and inflexible. One of the major challenges in conducting
randomized, controlled trials is obtaining informed consent be-
cause of the differing perspectives and languages of physicians and
patients. Recommendations include practical guidance in obtain-
ing informed consent, feedback of trial results to patients and
support of research related to obtaining informed consent. Despite
statistical guidance, several critical issues persist with respect to
trial analysis. The use of confidence intervals is under-
represented, the presentation of baseline data is often omitted and
postsubgroup analysis is performed. Another controversial but
relevant issue is the intention-to-treat analysis. Despite the formu-
lation of standards, there is consistently poor quality of trial re-
porting, poor registration of unpublished trials and limited
registration of ongoing trials. The authors conclude that there is a
need for more randomized trials in gastroenterology. While the
complexity of trial conduction has increased, so have the means of
methodological and practical support. Thus, all problems can be
professionally tackled, resulting in good clinical research.
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Leçons que la gastro-entérologie doit tirer des
récents problèmes de méthodologie des essais
cliniques
RÉSUMÉ : Les essais cliniques sont l’outil de prédilection en matière de re-
cherche axée sur les patients et leur principal rôle est de permettre de faire passer
les méthodologies de la recherche fondamentale à la médecine appliquée. Il ne
fait pas de doute que les essais cliniques randomisés sont une nécessité, mais leur
conduite est de plus en plus complexe et difficile. Cet article passe en revue les
problèmes réels et divergents des essais cliniques appliqués à la gastro-entérolo-
gie. Parmi les principales lacunes, mentionnons, le défaut de consulter les re-
cherches précédents, le calcul erroné de la taille des populations
échantillonnées, les indicateurs de résultats non pertinents. Parmi les problè-
mes sérieux qui concernent la gestion des essais cliniques, notons la subversion
de l’assignation aléatoire, et la modélisation de systèmes et de procédures ineffi-
caces, non rentables et trop rigides. L’un des principaux défis qui guettent les es-
sais cliniques randomisés est l’obtention du consentement éclairé en raison des
différences de perspectives et de langage (entre le jargon médicale et le parler de
tous les jours). Les recommandations formulées sont, entre autres, élaborer des
directives pratiques pour l’obtention du consentement éclairé, commenter les
résultats de la recherche à l’intention des patients et appuyer la recherche sur
l’obtention du consentement éclairé. Malgré les repères offerts par la statistique,
on observe toujours d’importantes lacunes sur le plan de l’analyse des essais.
L’emploi des intervalles de confiance est sous-représenté, on omet souvent les
données de base et une analyse post-sous-groupe est effectuée. Une autre ques-
tion controversée et importante : l’analyse selon l’intention de traiter. Malgré
l’établissement de normes, les rapports sont souvent de piètre qualité et l’enre-
gistrement des données d’essais non publiés et des essais en cours laisse à désirer.
Les auteurs concluent qu’il faut effectuer plus d’essais cliniques en gastro-enté-
rologie. Si la conduite des essais cliniques devient de plus en plus complexe, il en
va de même de leur support méthodologique et pratique. Tous les problèmes
peuvent être abordés professionnellement et aboutir à une recherche clinique
de qualité.
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The present article discusses actual and conflicting issues
of clinical trial methodology and realization. General

controversial and unsolved problems are exemplified and
discussed, and some recommendations are provided that may
help to improve the quality of randomized trials in gastroen-
terology and increase their number. Randomized trials con-
tinue to be the most important, but not the only, tool in
clinical research.

ONGOING NEED FOR RANDOMIZED TRIALS
In the past decade, the full range of medicine has come under
increased scrutiny. Consequently, the efficiency and effec-
tiveness of medical treatment have been frequently ques-
tioned, and the need for a solid evidence-based foundation of
medical practice is widely recognized. Evidence-based medi-
cine is thereby understood to be the continuous, explicit and
judicious use of the current best evidence in making deci-
sions about the care of individual patients (1). Evidence-
based medicine integrates individual clinical expertise with
the best available external clinical evidence from systematic
research. The best available external clinical evidence is
clinically relevant research that may come from the basic
sciences – especially from patient-centred clinical research
(1). The randomized, controlled clinical trial is the most rig-
orous way to determine whether a cause-effect relationship
exists between treatment and outcome (2) and, therefore,
provides the strongest clinical evidence. In contrast to other
study designs, only adequate randomization achieves compa-
rability among study groups with respect to known and un-
known prognostic factors. As has been increasingly
recognized, the advantages of new treatments are often only
moderate or small (3). The reliable detection or refutation of
these moderate differences requires precise trials with negli-
gible bias and small, random error, increasing the need for
well conducted, methodologically sound, randomized, con-
trolled clinical trials.

Medical research can be subdivided into three areas: basic
clinical research, disease-oriented research and patient-
oriented research. Randomized trials are the preferred tool
for patient-oriented research, and their main role is to enable
the transfer of basic research (Figure 1). This frequently leads
to new conceptual models of disease, which in turn
stimulate sciences (4). In most countries, randomized trials
are legally required in order to demonstrate the safety, effec-
tiveness and efficacy of new treatments. Advances in drug
design facilitate the creation of new substances and, there-
fore, considerably increase the need for trials. A telling ex-
ample is the considerable interest in new treatment for sepsis
over the past decade. Various new and promising drugs have
been tested that were deemed to be advantageous because of
results obtained under laboratory conditions. However, the
results of nearly all controlled clinical trials performed have
been unable to demonstrate a treatment benefit, and some
have even suggested a harmful effect on the outcome (5).
While the randomized trial is a reliable guard to keep ineffec-
tive therapy out of clinical practice, multiple clinical trials
have demonstrated superior treatment due to new therapies.

Exemplary are the trials showing streptokinase treatment for
acute myocardial infarction (6), preventive use of medium
doses of acetylsalicylic acid in patients at high risk of occlu-
sive vascular disease and hormonal adjuvant treatments for
early breast cancer (stage I/II) (3,4).

While the role of clinical trials for the evaluation of clini-
cal treatment is well accepted, many patients see trials as ad-
vantageous only for future patients. However, centralized
referral or entry to trials is frequently associated with a
higher survival rate for all patients participating (7). There is
no indication that patients included in trials ever do worse
than comparable patients outside of trials. Therefore, it can
be suggested that patients in randomized trials generally do
well and are likely to receive better care than those treated
outside of trials.

Study coverage in many medical areas is appalling. Gas-
troesophageal reflux disease is one example. Surgical treat-
ment has not been evaluated adequately through
randomized trials, adequate comparisons between surgery
and medical treatment are lacking, and no trials have
evaluated medical or surgical treatments in Barrett’s esopha-
gus (8). The need for more clinical trials is undisputed by
doctors and recognized by patients.

PROBLEMS IN CARRYING OUT A
RANDOMIZED, CONTROLLED CLINICAL TRIAL
While the need for randomized trials is evident, conducting
these trials is becoming increasingly complex. Various rules
and regulations (eg, International Conference on Harmoni-
zation, Good Clinical Practice) guide the conduction of
clinical trials, and additional country-specific legal require-
ments add more details to observe and pitfalls to look out for
(9). In addition to these manageable but tedious hazards, the
funding is quite often limiting. Studies not related to the li-
censing of drugs are notoriously difficult to finance. In gen-
eral, the more that the research applies to patients, the more
difficult it is to obtain external funding. This has something
to do with the outdated notion that epidemiologically or
methodologically oriented studies are intellectually less de-
manding and, therefore, do not count as true research (10).
As a consequence, only 27% of all research funds of the Na-
tional Institutes of Health in 1996 were partly or completely
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Figure 1) Transfer of knowledge between basic research and routine
application
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earmarked for clinical research (11). Despite advances in the
past decades and the general move toward evidence-based
medicine, there is still a generally negative attitude on the
part of patients, doctors and the public toward randomized
trials that significantly hinders their conduction. Major ar-
guments by doctors concerning randomized trials are the
perceived distortion of the doctor-patient relationship, limi-
tations in clinical decision making through protocols, per-
sonal treatment preferences and additional workload. To
patients, the process of randomization is not part of medical
care, and blinding is disturbing because the important reas-
surance of treatment is compromised. If there is a treatment
preference, participation becomes impossible. In addition,
the trial medication can be perceived as experimental, un-
tested and, therefore, dangerous. Patients frequently lack the
methodological basis to understand scientific studies, and it
is subjectively comprehensible that some feel like guinea
pigs. A similar attitude can be observed with regard to the
general public, which still has a distorted understanding of
the principles of randomized trials and emotionally disap-
proves of its principles. At the same time, treatment has to
be state of the art. Trial conduction is further complicated by
the fact that medicine is becoming increasingly more com-
plex. In gastrointestinal cancer, several clinical disciplines,
such as internal medicine, surgery, radiology and radiother-
apy, are involved, creating intricate logistic and standardiza-
tion puzzles.

In spite of these obvious obstacles to randomized trials,
however, dealing with rules and regulations has been im-
proved through increased knowledge and procedural experi-
ence, and the complexity of medical problems is being tackled
through organizational changes and increased training of the
staff who conduct the trials. The funding problem has been
recognized by the relevant authorities, and while money is
still inadequate, there are signs of change (12). Doctors, pa-
tients and the public are still far from embracing clinical re-
search but are closer because of increased coverage by the
media, which have rediscovered medicine and science.

Specific problems in conducting randomized trials are dis-
cussed below. The discussion is divided into the following
sections: trial design, trial management, informed consent,
trial analysis, trial reporting and publication, and the appli-
cation of study results.
Trial design: There are multiple recommendations and
standards for the design of randomized trials (13,14). Despite
that the library of good methodological advice is huge and
that medical journals do their best to inform researchers, the
development of research protocols causes frequent methodo-
logical problems. Too often, previous research is neglected
when a trial is set up, although cumulative synthesis of trial
results is scientifically and ethically paramount and achiev-
able. In the early 1980s, a meta-analysis of trials on prophy-
lactic antibiotics in colon surgery showed convincingly that
strong evidence of the effectiveness of antibiotic treatment
in reducing morbidity and mortality had already existed by
the mid-1970s. By neglecting these findings, researchers
continued to invite patients to participate in such trials five

years later, and reports of trials involving comparison groups
receiving no treatment continued to appear throughout the
1980s (15). In retrospect, all of these trials seem to be useless
and ethically questionable. When developing a study proto-
col, it is, therefore, necessary to analyse previous research
systematically. This intricate process can be effectively sup-
ported by meta-analyses, databases of clinical trials (eg,
MEDLINE, Cochrane collaboration) and institutions dedi-
cated to the development of systematic reviews (eg, Co-
chrane collaboration).

Another frequent problem is inadequate sample size. An
extensive review of trials in schizophrenia demonstrated
that more than 50% of the schizophrenia trials had 50 or
fewer participants. Only 3% of the studies comprised 300 or
more patients – the sample size needed to show a 20% differ-
ence among groups (16). Sample size calculation is not al-
ways easy, and the results may be disputed, but there are
some basic rules. Proper sample size calculation requires,
among other things, specification of the smallest clinically
relevant difference useful to be detected by a trial. The fre-
quency of treatment success in the control group needs to be
assessed. The chosen P value and the power of the trial need
to be defined (14). If the necessary sample size cannot be
achieved, it is ethically and statistically inappropriate to
start the trial.

The prospective definition of a hypothesis may be diffi-
cult but is absolutely necessary. Once it has been defined, the
relevant outcome criteria for the planned intervention and
the definition of study population can be tackled. These de-
cisions have a decisive impact on the external validity and
acceptance of the trial results. A new discipline called ‘out-
come analysis’ or ‘outcome research’ concentrates on
patient-centred outcome criteria. Traditional outcome cri-
teria are mainly mechanistic and physician focused. They in-
clude mortality, complication rate, reoperation rate and the
length of hospitalization, among others. Patient-centred cri-
teria focus on quality of life, well being, convalescence pe-
riod and other criteria (17). Particular care needs to be taken
to define the randomization procedure and mechanisms of
blinding. All statistical methods must be described prospec-
tively, and outcome measurement must be standardized.
Trial management: The scientific validity of a randomized
trial is frequently subjected to intense scrutiny, while the
practical trial management generally receives little attention
(18). However, robust systems and procedures are needed
for the day to day operation of clinical trials. They have to be
efficient, effective and flexible to ensure the required data
quality. Trial teams and/or research institutes with specially
trained staff should support the clinical staff to decrease the
workload for collaborating groups.

A significant trial management problem is subversion of
random allocation. Several trials have shown that an inade-
quate randomization procedure can severely bias study re-
sults. A recent surgical trial showed that randomization
using sealed envelopes resulted in significant differences
among the study groups with respect to prognostic factors. A
centralized telephone system that was consequently initiated
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yielded comparable study groups (19). Another review com-
pared trials that did not adequately conceal randomization;
the effectiveness of the active treatment was higher in trials
in which randomization was poorly blinded (20). We do not
think, therefore, that the common technique of the sealed
envelope system can be recommended. Instead, a distant
central randomization service should be used. Distant ran-
domization is much less likely to be compromised and can
now be efficiently supported by study support systems via the
Internet. Table 1 summarizes the recommendations for the
management of clinical trials.
Informed consent: One of the major challenges in random-
ized controlled trials is obtaining informed consent, due to
differing perspectives and languages of the physician and pa-
tient. As discussed above, physicians are often reluctant to
participate in trials due to various reasons related to profes-
sional independence and doctor-patient relationship. Oth-
ers, however, are sometimes too easily convinced to enter
patients in trials in spite of well founded treatment prefer-
ences or objections. Generally, the major hurdle to
obtaining informed consent is communication and getting
the correct information (21,22). Recent studies have shown
that patients are often not able to understand the explana-
tions of the doctors, and they are not familiar with the con-
cept of randomization because it is so different from day to
day clinical care. At the same time, it can be cruel to provide
complete information to the patient, considering the stress
and the life-threatening situations that they are in (23). Fur-
ther intricacies arise from the observation that there is a
negative association between the amount of information
given and the willingness of patients to participate. In a ran-
domized comparison of procedures for obtaining informed
consent, the knowledge of treatment side effects and re-
search aspects was statistically significantly improved if total
disclosure was used. However, total disclosure led to a signifi-
cant decrease in the willingness to participate compared
with an individual approach (24). To choose the ideal proce-
dure to achieve informed consent, one must consider that
self interest is an important motive for participation (25).
Most patients are not primarily interested in participating in
a study to help future patients but to benefit themselves.

Recommendations have been developed to improve the
content and presentation of information to patients. It is es-

sential that consent documents are clearly written using
short sentences and that attention is paid to layout. The
typeface and design must be clear and legible (26,27). Some
of the recommendations for obtaining informed consent are
summarized in Table 2.

To increase their trust in clinical research, patients need
to be informed about the trial results that have been
achieved with their collaboration. Further information on
trial results leads to understanding of trial methodology and
application (28). Documentation of patients who refuse to
participate in trials stimulates and facilitates further research
in patient recruitment and informed consent. Details on pa-
tients not entered point to problem areas in the trial design
and illuminate the question of external validity (29,30). If
the general trial culture is to be improved, it is necessary to
inform the public and patients about trials in general. An in-
teresting initiative is Centre Watch – a clinical trial-listing
service for patients interested in participating in clinical tri-
als.
Trial analysis: Several standard recommendations for trial
analysis (9) have facilitated the conduction of high level
clinical research. Despite this statistical guidance, several
critical issues persist. The use of confidence intervals is
under-represented, although this deficiency has been ad-
dressed in several articles (31-33). Another notorious omis-
sion is the presentation of baseline data. An analysis of 80
randomized trials showed that these baseline data were insuf-
ficient for 39 trials (49%) (34). In a controlled trial, the pro-
cess of randomization results in the allocation of patients to
treatment purely by chance. This ensures that known and
unknown characteristics of patients that may influence out-
come are similarly distributed among treatment groups. If
this were not the case, the ensuing imbalance could influ-
ence outcome and the treatment effect would be uncertain.
Baseline imbalance in randomized trials is sometimes re-
ferred to as chance bias (35). To allow for this bias and to re-
port clinical trials adequately, known prognostic variables
must be described for each treatment group. This is helpful
in evaluating the ability to generalize the trial results and
may assure the reader that the randomization has been prop-
erly conducted. Statistical significance tests are the minimal
requirements to detect possible subversion of the allocation
procedure (35). However, a significance test for baseline
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TABLE 1
Recommendations for the management of clinical trials

Design robust systems that are efficient, effective and flexible

Standardize procedures with SOPs, which allow for the flexibility
needed

Implement the GCP standards appropriate for the randomized trial
planned (eg, MRC/ICH GCP)

Obtain support from a trial team and/or research institution with
trained staff to decrease the workload for collaborating groups

Manage computerized information with remote data entry and central
randomization

ICH International Conference of Harmonisation; GCP Good clinical prac-
tice; MRC Medical Research Council; SOP Standard operating procedures

TABLE 2
Recommendations concerning informed consent

Carefully plan the informed consent procedure

Use practical guidance for presentation and content of informed
consent forms

Ensure that the public is informed about the trial to improve the trial
culture

Report patients who refuse to participate

Assure feedback of trial results to patients

Initiate research about informed consent
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characteristics does not provide an appropriate criterion to
assess the effect of any observed imbalance on outcome. Sev-
eral statistical techniques are available (eg, multivariate
analysis) to cope with baseline imbalance. Another problem
is related to unduly data-dependent emphasis on particular
subgroup results, which can induce large and important bias
(3). Repeated significance testing and data-dependent
analysis easily induce false positive results. It is, therefore, es-
sential to emphasize the overall result of a trial and not rely
on spectacular but biased subgroup analysis. Effects in par-
ticular subgroups should not be estimated directly. Rather,
subgroup analysis should extrapolate the overall findings of a
trial indirectly and semiquantitatively (3). In any case, the
analysis of subgroups can generate hypotheses but not test
them.

A controversial but relevant issue is intention-to-treat
analysis. The primary analysis of a randomized clinical trial
should compare patients in their randomly assigned treat-
ment groups (intention-to-treat analysis) (36). However,
there is no consensus on this issue. Analysis by intention-
to-treat yields statistically valid probabilities, is the most
practical analysis and is the only unbiased assessment of
clinical trial results. Relying on treatment actually received,
however, generally dilutes the measurable treatment effect.
In practice, severe differences can occur between intention-
to-treat and treatment-received analyses. In the Veterans
Administration Coronary Bypass Surgery Study, the
intention-to-treat analysis yielded no statistically significant
differences between medical and surgical treatment, whereas
the analysis according to treatment actually received dem-
onstrated a highly significant difference (37). It has been
suggested that the major hazard of intention-to-treat ana-
lyses is a lack of common sense. It is arguable whether it is
suitable to analyze people as having had surgical treatment
when they were assigned to be operated but when the opera-
tion was never performed (38). In spite of these contentious
cases, intention-to-treat analysis is generally the method of
choice.
Trial reporting and publication: Despite efforts to improve
reporting of trials, some areas of medicine continue to have a
poor quality of published results (34,39). Reporting of surgi-
cal clinical trials has improved, but general methodological
questions poorly answered in the 1980s continued to be
poorly answered in the 1990s (39). Editors of surgical jour-
nals are, therefore, urged to provide authors with guidelines
on how to report clinical trial analysis. In contrast the Con-
solidation of Standards for Reporting Trials (CONSORT)
statement defined an agreed standard of reporting clinical
trials, which has been approved by the major medical jour-
nals (40). The CONSORT statement incorporates guide-
lines for presenting a title, abstract, introduction, methods
(protocol, assignment, masking), results, participant-flow,
follow-up analysis and comments. Compliance to these
guidelines ensures adequate reporting of clinical trials. The
CONSORT statement, however, cannot address under-
reporting of clinical trials, which is the major scientific mis-
conduct. It is well known that it is easier to publish statisti-

cally significant trials than to publish trials that yield
nonsignificant results (41), but under-reporting can bias
meta-analysis and lead to publication bias. As a conse-
quence, the results of many trials are lost and the medical
profession is misled. Therefore, it is an ethical as much as a
scientific duty to publish all clinical trials. To promote publi-
cation of the large number of unpublished trials, an ‘amnesty
for unpublished trials’ has been announced by 50 to 100 edi-
tors of medical journals, and a call for registering unpub-
lished trials has been initiated (42) and renewed (43). In
order to facilitate trial publication, a general register for on-
going clinical trials needs to be set up. All clinical trials per-
formed could be tracked, and personal responsibility for trial
publication should be established. At the moment, several
initiatives are trying to cope with ongoing clinical trials.
Current Controlled Clinical Trials, for example, is a major new
database that aims to provide online access to clinical trials.
It is as comprehensive as possible and lists ongoing and com-
pleted clinical trials in all areas of health care
(http://www.controlled-trials.com). The Cochrane Centre
in the United Kingdom is even integrating the previously
secret projects of pharmaceutical companies in their register
(43). Recommendations for reporting and publication are
summarized in Table 3.

THE ROLE OF RANDOMIZED TRIALS
IN CLINICAL RESEARCH

Despite the various avoidable problems outlined in the last
section, some fundamental issues in randomized trials need
discussion. Randomized studies may be unnecessary, inap-
propriate, impossible or inadequate. Dramatic effects of an
intervention may make randomization and, indeed, clinical
trials superfluous; an example is the use of penicillin in bac-
terial infections. Trials are inappropriate if the adequate
sample size to test the hypothesis adequately cannot be
achieved. Examples of trials that are easily inappropriate in-
clude studies investigating rare side effects or preventing rare
events. A further obstacle for randomized controlled trials is
the dependency of the trial result on the subject’s active par-
ticipation, ie, if the clinical outcome depends on the sub-
ject’s belief and preferences (44). If the trial population
studied is restricted, the application of trial designs to future
patients is severely limited. While the internal validity of
randomized trials is normally achieved, the external validity,
that is, the possibility to extrapolate to future patients
outside the trial, is often compromised (38). In situations in
which the use of randomized trials is limited due to inherent
obstacles or because of practical hurdles, alternative designs
need to be considered. Prospective observational studies may
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TABLE 3
Recommendations for reports and publication of clinical
trials

Registration of ongoing trials

Application of reporting standards (eg, CONSORT)

Publication of trials independent of the result

CONSORT Consolidation of Standards for Reporting Trials
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be the appropriate means to continue under these condi-
tions. It must be realized, however, that the degree of
evidence severely decreases from randomized, controlled
clinical trials to retrospective, uncontrolled clinical studies.
In spite of the higher methodological elegance of the
randomized, controlled clinical trial, a complementary
approach to clinical research is needed. Randomized trials
are the preferred standard with the highest evidence, but
they need to be supplemented by other study types in order
to assess the effectiveness of the full range of treatments in
clinical practice. This strategy may help to extrapolate

randomized trial results to a larger population and to provide
knowledge in cases when randomized trials are not feasible.

CONCLUSIONS
There is a need for more randomized trials, which need to be
combined with other types of research for the greatest medi-
cal benefit. While the complexity of trial conduction has in-
creased, so have the means of methodological and practical
support. Thus, problems occurring in the conduction of
clinical trials can be professionally tackled and thereby result
in good clinical research.
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