Limitations of Traditional Randomized
Controlled Clinical Trials in Rheumatology

Theodore Pincus

Introduction

The randomized controlled clinical trial is appropriately regarded as the most
rigorous method to document the efficacy of a therapy compared to another therapy
or a placebo. A clinical trial allows isolation of a single variable, the test therapy,
mimicking a laboratory “scientific experiment” [1]. This approach conforms to a
“biomedical model” [2], the dominant paradigm of contemporary medicine. In
recent years, the randomized controlled clinical trial often has been regarded in the
medical literature as the only approach to assess the value of a new therapy accord-
ing to “evidence-based medicine” [3]. However, randomized trials have many limi-
tations, some of which are summarized in this chapter.

The earliest randomized controlled trials were conducted in the 1940s in infec-
tious diseases such as tuberculosis [4, 5]. Clinical trials in infectious diseases have
advantages over those in many other diseases, particularly chronic diseases, for
several reasons. First, the target of the medication involves simple unicellular patho-
gens such as bacteria or fungi, rather than complex mammalian cells. Therefore,
any efficacious antibiotic medication without an adverse effect is likely to benefit
all individuals infected by the pathogen that is the target of the medication. By con-
trast, much greater variation is seen in responses of individuals to medications
which affect mammalian cells, as seen in chronic rheumatic diseases. Second,
results of a therapy in an infectious disease generally are apparent over days, weeks,
or sometimes months, in contrast to years and even decades in chronic rheumatic
diseases. For example, superior efficacy of penicillin versus placebo for a strepto-
coccal sore throat can be documented definitively after 10—14 days of treatment in
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all infected individuals, while treatment effects in a chronic rheumatic disease vary
among individuals and even may indicate efficacy or no differences from placebo in
groups after 6-24 months, but different outcomes after 5-10 years, as discussed in
detail below.

Rheumatic diseases, as well as most noninfectious diseases, do not involve “for-
eign” cells as in infectious disease or chemicals that require eradication to restore
homeostasis. Rheumatic diseases involve a dysregulation of normal cells and/or
chemicals which may be over- or underproduced due to faulty internal signals.
Similar pathogenetic mechanisms based on dysregulations are seen in many com-
mon chronic diseases such as hypertension, hyperlipidemia, or diabetes. The natural
history of an untreated dysregulation is organ damage to blood vessels, kidneys or
joints, or other organs.

Infectious diseases are “curable” through eradication of a foreign pathogen. By
contrast, dysregulatory diseases are incurable, based on current knowledge.
However, control of the dysregulation retards or prevents organ damage and indi-
rectly prevents or reduces premature mortality associated with these diseases [6—12].
Nonetheless, long-term indefinite ongoing medication generally is required, since no
therapy to eradicate the etiology of the dysregulation is available at this time.

While rheumatic diseases are similar to hypertension, hyperlipidemia, or diabetes
in a pathogenesis involving dysregulation of normal components leading to organ
damage [13], rheumatic diseases differ from the other diseases in several features.
One important difference is that rheumatic diseases are not characterized by a single
“gold standard” biomarker such as blood pressure, hemoglobin Alc, bone density,
etc., that can be applied to diagnosis, assessment, prognosis, and monitoring of all
individual patients [14]. Therefore, an index of multiple measures is needed to assess
and estimate changes in the clinical status of patients with rheumatic diseases.

The discovery in the 1940s of rheumatoid factor [15, 16] in rheumatoid arthritis
(RA), antinuclear antibodies (ANA) [17] in systemic lupus erythematosus (SLE),
and other biomarkers led to hopes that laboratory tests could be used effectively for
diagnosis and management of all individual patients with RA, SLE, and other rheu-
matic diseases, similar to other diseases in a traditional “biomedical model.”
However, more than one-third of patients with RA have a negative test for rheuma-
toid factor, or anti-cyclic citrullinated peptide (anti-CCP) antibodies (ACPA) [18—
21], and more than 40 % have a normal erythrocyte sedimentation rate (ESR) or
C-reactive protein (CRP) at presentation [21]. More than one-third of patients with
SLE have no detectable anti-DNA antibodies, anti-Smith (anti-Sm), and anti-
ribonucleoprotein (anti-RNP), while a positive ANA test is found in least 10 % of
the normal population [22-24].

In the absence of a single gold standard measure, as noted, a pooled index [25]
is applied to most rheumatic diseases. Formal indices have been developed for RA
[26-31], SLE [32-39], vasculitis [40—45], psoriatic arthritis [46—48], ankylosing
spondylitis [49-53], and other rheumatic diseases. These indices generally include
three types of measures from patient self-report, physical examination, and labo-
ratory tests; data may be included in some indices, particularly in longer studies.
The formal indices are used in clinical trials and other clinical research, but not
widely in routine clinical care [54, 55].
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Inclusion of patient history information and specific physical examination find-
ings, e.g., joint counts, reflects that a patient history and physical examination are
more significant in clinical decisions in rheumatic diseases than in many other types
of chronic diseases [56]. Information from a patient history may be captured as
standardized, “scientific”’ quantitative data, according to validated self-report ques-
tionnaires [57]. Patient questionnaires may be used effectively to guide manage-
ment, document change in status, assess outcomes, and improve the quality of care
in rheumatic diseases, analogous to laboratory tests in other diseases [58]. Inclusion
of a specific patient questionnaire at every visit of every patient ensures that some
quantitative data are collected at each encounter with minimum effort on the part of
the doctor and staff [59].

A contemporary view of “evidence-based medicine” recognizes limitations of
clinical trials, as presented in the chapter “Evidence-based medicine in rtheumatol-
ogy: how does it differ from other diseases?”” and described in a number of thought-
ful reports by several observers [1, 3, 60-81], as well as in some of the author’s own
commentaries [82—88]. A recent report from the Oxford Centre for Evidence-Based
Medicine [60] noted that “While they are simple and easy to use, early hierarchies
that placed randomized trials categorically above observational studies were
criticized [3] for being simplistic [61]. In some instances, observational studies give
us the ‘best’ evidence [3]. For example, there is a growing recognition that observa-
tional studies — even case-series [62] and anecdotes [63] can sometimes provide
definitive evidence.”

Recognition of limitations of clinical trials in no way denies their value as the
optimal method to distinguish short- and medium-term treatment effects of a medi-
cation from another medication or placebo. Indeed, it might be optimal if most
patients with a chronic rheumatic disease would have an opportunity to participate
in a randomized controlled clinical trial, because of the largely “experimental”
nature of most available treatments. Since a “best” therapy for an individual patient
usually is not identified, a health professional must “guess” at the best treatment for
most patients. In this situation, the most ethical approach might appear to random-
ize the patient to one of several treatments, so the individual patient has a chance to
experience the “best” treatment for herself/himself [89].

Therefore, it is recognized that the methodology of the randomized controlled
clinical trial often provides a framework of an optimal method to evaluate the effi-
cacy of a therapy. However, it also is important to recognize limitations of random-
ized controlled clinical trials, just as there are limitations to any method to acquire
knowledge in medicine or any field. The author’s recognition of limitations of clini-
cal trials is based in large part on experience in conducting more than 35 random-
ized clinical trials.

Limitations of clinical trials are grouped into two categories. Those resulting
from issues in practical implementation in modern clinical research are termed
pragmatic limitations. Other limitations would exist even if all pragmatic limita-
tions could be overcome, but are weaknesses of the methodology (as exist for any
methodology, as noted, but often overlooked for clinical trials) and are termed
intrinsic limitations (Table 1).
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Table 1 Pragmatic and intrinsic limitations of clinical trials in chronic rheumatic diseases

Pragmatic limitations of clinical trials

1 A relatively short time frame in chronic diseases — sometimes too short to identify
important clinical benefits or to recognize loss of efficacy

2 | Inclusion and exclusion criteria may restrict eligibility to fewer than 10 % of patients with
a particular diagnosis who may be considered eligible for a clinical trial

3 | Differences between a medication and a placebo are required to be statistically significant
but not necessarily robust — statistical significance may indicate only marginal clinical
benefit

4 | Clinically important differences may not be statistically significant due to insufficient
numbers of patients for statistical power

5 | Important variables affecting outcomes other than whether a patient was randomized to a
medication versus another medication or placebo may be seen — but generally ignored in
clinical trial reports

6 | Traditional clinical trials with parallel designs have inflexible dosage schedules and
restrict concomitant medications, although a flexible dosage schedule toward a target with
multiple medications may provide optimal results

7 | Surrogate markers and indices used in clinical trials may be suboptimal measures to detect
changes in clinical status or predict important clinical outcomes

8 | Rare side effects cannot be identified in most trials

Intrinsic limitations of clinical trials

1 The design can greatly influence results — availability of a control group does not
eliminate bias

Data are reported in groups — ignore possible substantial variation in groups

3 No absolute criteria for the balance of risk and benefit for the therapy — different
individuals may interpret very differently and all be “correct”

4 | Loss of a placebo effect in a clinical trial (although gain of more extensive care which
may offset and even surpass the usual “placebo effect”)

Eight Pragmatic Limitations of Randomized Clinical
Trials in Chronic Diseases

Eight types of pragmatic limitations in chronic diseases are summarized below:

1. The relatively short time frame of clinical trials in chronic diseases.

A prominent limitation of clinical trials in chronic diseases involves too short a
time frame of observation to recognize meaningful clinical trends that develop
only over longer periods. For example, a randomized controlled clinical trial in
RA was conducted over 48 weeks to compare results of 3 regimens — methotrexate
monotherapy, auranofin (oral gold) monotherapy, and a combination of metho-
trexate and auranofin [90]. No significant differences were found between results
with any of these three regimens (Fig. 1) [90].

A similar conclusion was reported from a far more extensive meta-analysis of
66 clinical trials reported in 1990 concerning the efficacy of disease-modifying
antitheumatic drugs (DMARDs) in the treatment of RA [91] (Fig. 2).
This meta-analysis included 117 treatment groups: 11 for antimalarial drugs
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(e.g., hydroxychloroquine), 23 for auranofin, 29 for in efficacy injectable gold, 7
for methotrexate, 19 for d-penicillamine, 6 for sulfasalazine, and 22 for placebo.
The meta-analysis indicated no significant differences in efficacy between
sulfasalazine, d-penicillamine, methotrexate, and injectable gold (Fig. 2) [91],
i.e., that the efficacy of methotrexate for RA was equivalent to hydroxychloro-
quine, sulfasalazine, d-penicillamine, and injectable gold.

Results of the meta-analysis did not appear translated into actual clinical
practice over 5 years in an observational study of duration of treatment courses
of DMARD:s in 7 rheumatology practices reported in 1992 [92] (Fig. 3, Panel a).
Duration of treatment courses in an incurable chronic disease such as RA can
serve as a composite measure of effectiveness and safety of a medication. A for-
mal analysis of estimated duration of continuation of 1,083 courses of 6
DMARD:s over 60 months in 477 patients with RA indicated that approximately
80 % of methotrexate courses were continued after 2 years, compared to 50 % of
courses of hydroxychloroquine, penicillamine, parenteral gold, and azathioprine
and only 20 % of courses of oral gold (Fig. 3, Panel a). After 5 years, approximately
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Fig. 2 Standard composite treatment effect (in standard units). Meta-analysis of 66 clinical trials
reported in 1990 concerning the efficacy of DMARD:s in the treatment of RA [91]. This meta-
analysis included 117 treatment groups: 11 for antimalarial drugs (e.g., hydroxychloroquine),
23 for auranofin, 29 for injectable gold, 7 for methotrexate, 19 for d-penicillamine, 6 for sulfasala-
zine, and 22 for placebo. All drugs have greater efficacy than placebo in the management of RA,
determined according to a composite of grip strength (a measure of effectiveness of grip), tender
joint count, and erythrocyte sedimentation rate, adjusted for disease duration, trial length, initial
tender joint count, and blinding. In these analyses, no significant differences were seen between
sulfasalazine, d-penicillamine, methotrexate, and injectable gold (From Felson et al. [91] with
permission)
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Fig. 3 (a) Estimated continuation of all 1,083 courses of DMARDs in 532 patients with rheuma-
toid arthritis over 60 months. Differences between methotrexate and all other drugs, as well as
between oral gold (auranofin) and all other drugs, are statistically significant (P<0.001), while
differences among other drugs are not significant. (b) Estimated continuation of 477 courses of the
initial DMARD used in the same 532 patients over /2 months. Differences between methotrexate
versus oral gold (auranofin) are not statistically significant and are considerably less apparent than
in A, in which estimated continuation was studied for all courses over 60 months [92]
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60 % of the methotrexate courses were continued versus approximately 20 % of
the hydroxychloroquine, penicillamine, parenteral gold, and azathioprine
courses, and virtually no course of oral gold (Fig. 3, Panel a) [92].

The data from the observational study were analyzed over only / year for the
initial 447 DMARD courses, conditions that mimic clinical trials (Fig. 3, Panel b),
in contrast to the above analyses of all DMARD courses over 5 years (Fig. 3,
Panel a) [92]. Continuation rates of courses of all 6 DMARDs were similar,
including no difference between methotrexate versus parenteral versus oral gold
(auranofin) (Fig. 3, Panel b), as seen in the clinical trial (Fig. 1).

The absence of statistically significant differences between DMARD courses
over 1 year (seen in Fig. 3b) mimics results of clinical trials in Figs. 1 and 2 but
differs considerably from the results seen in actual clinical care over 5 years
(Fig. 3a). Therefore, results of both the clinical trials and observational study are
accurate and “correct.” However, the accurate data in the clinical trials and meta-
analysis were not translated into long-term clinical care over 5 years, and the
clinical trial results were not applicable to routine clinical care.

These observations suggest caution in interpretation of data from clinical tri-
als to physicians for routine care. Nonetheless, in 2008 (16 years after publica-
tion of the report of differences between results of clinical trials and clinical care
[90]), a “systematic review” of DMARD:s in the principal journal for internists,
Annals of Internal Medicine, concluded that there was “moderate evidence that
sulfasalazine, leflunomide, and methotrexate were equivalent in efficacy, with no
obvious major differences in adverse events and discontinuation rates among
these three DMARDs” [93].

This conclusion differs from contemporaneous clinical care in the interna-
tional QUEST-RA database of many countries (Table 2), in which methotrexate
was taken by 83 % of patients, sulfasalazine by 43 %, leflunomide by 21 %, and
biological agents by 23 % [94]. These patterns were seen in countries in which
patients do not pay for medications [94], so they could be explained only in small
part on the basis of costs. A strict methodologist may conclude that the clinicians
were in error and not practicing “evidence-based medicine,” since the systematic
review concluded that the three agents were similar in efficacy and adverse
events. However, if the conclusion of the systematic review were accurate, com-
parable usage of the 3 DMARDs might be expected in routine care, but that is
not seen. These findings again indicate that data from short-term clinical trials
may provide less accurate information about long-term results of therapies than
long-term observational studies, as a result of limitations of the clinical trial
methodology [87].

Limitations of a short time frame also are seen in a trial conducted in patients
with polymyositis to compare therapeutic efficacy of a combination of predni-
sone plus azathioprine versus prednisone monotherapy (plus placebo) [95, 96].
The initial report concerning this clinical trial indicated no differences between
the two groups after 3 months of treatment, according to three measures, i.e.,
days to normalize the creatinine phosphokinase (CPK) muscle enzyme, change
in the muscle strength score, and reduction of inflammation on the muscle biopsy
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Table 2 The use of disease-modifying antirheumatic drugs (DMARDs) in the QUEST-RA
countries

Delay to Selected DMARD:s ever taken; percentage of patients
start DMARD |in the QUEST-RA study per country
DMARDS, | exposure Any
months, years, Prednisone | MTX |HCQ |SSZ |LEF | biological
Country median mean (%) (%) (%) (%) | (%) |agent (%)
Argentina 13 3.7 83 68 49 6 16 3
Denmark 10 7.9 43 85 39 64 11 23
Finland 7 14.4 74 85 74 84 |21 17
France 8 9.9 83 86 55 49 |42 53
Germany 15 8.4 54 78 30 36 25 29
Ireland 11 6.3 71 92 15 33 24 41
Italy 9 7.1 69 79 42 14 |31 26
The 5 8.1 26 91 28 35 6 19
Netherlands
Poland 4 7.2 69 87 34 60 18 8
Serbia 11 6.6 88 69 55 17 7
Spain 14 73 67 82 43 29 |34 27
Sweden 12 8.8 66 83 34 62 9 31
Turkey 12 8.9 69 88 27 61 22 7
UK 12 7.9 51 67 39 46 4 16
USA 9 7.9 77 85 49 12 19 33
Total 9 8.1 66 83 41 43 21 23

Adapted from Sokka et al. [94]

The highest percentage for each drug is indicated in bold and the lowest in bold italics

DMARD disease-modifying antirheumatic drug, HCQ hydroxychloroquine, LEF leflunomide,
MTX methotrexate, QUEST-RA Quantitative Standard Monitoring of Patients with Rheumatoid
Arthritis, SSZ sulfasalazine

Table 3 Comparison of results in treatment of polymyositis with prednisone + azathioprine versus
prednisone + placebo over 3 years according to functional grade disability [96]

Functional grade disability

Treatment Onset 1 Year* 3 Years*
Prednisone +azathioprine 4.5 3.0 2.1
Prednisone only 4.1 3.6 3.0
Adapted from: Bunch [96]
*p<0.01

[95]. The authors concluded that “in a controlled, prospective, randomized,
double-blind study...azathioprine does not afford any therapeutic advantage
when used in addition to accepted prednisone dosages in the initial management
of polymyositis” [95].

The randomized controlled trial was then continued further to 3 years. After
3 years (Table 3), improvement according to functional grade disability was
significantly greater for patients treated with the combination of prednisone plus
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Fig. 4 Probability of maintaining life-supporting renal function in long-term randomized clinical
trials of 72 high-risk patients with active SLE nephritis, according to treatment group: PRED pred-
nisone, AZA azathioprine, POCY oral cyclophosphamide, AZCY combined oral azathioprine and
cyclophosphamide, /VCY intravenous cyclophosphamide [97]

azathioprine versus those treated with prednisone monotherapy. In retrospect,
differences were seen after 1 year according to functional status, but not accord-
ing to CPK, muscle strength, or muscle biopsy. The authors concluded that
“longer follow-up (3 years) has shown that the group given prednisone plus aza-
thioprine has improved more with respect to functional disability; this group also
requires less prednisone for disease control” [96].

These observations illustrate two important principles regarding analyses of
treatments in a theumatic disease: (@) Recognition of the possible advantages of
combination second-line therapy may require periods of years, rather than
months. (b) Differences in results of two treatments may be apparent according
to measures of functional disability, rather than laboratory or biopsy data, as
discussed below (see point 7 concerning surrogate markers). These principles
may be relevant to studies of all rheumatic diseases.

A striking example of the importance of a long time frame in a clinical trial to
assess treatment of a chronic disease is seen in a trial designed to prevent renal
failure in patients with SLE nephritis using several treatment regimens, includ-
ing prednisone monotherapy versus combinations of prednisone with azathio-
prine and/or cyclophosphamide (Fig. 4) [97]. Substantial advantages to
cyclophosphamide plus prednisone were seen over 10 years, with preservation
of renal function in about 90 % of patients versus only about 30 % of patients
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treated with prednisone monotherapy (Fig. 4). These results established cyclo-
phosphamide as the standard of care for SLE nephritis for at least two decades in
the 1980s and 1990s. It is not widely recognized, however, that even after 4 years,
renal function was preserved in more than 90 % of patients in all groups, i.e.,
prednisone monotherapy appeared as effective as the combination with cyclo-
phosphamide (Fig. 4).

As a result of this clinical trial, combination therapy with cyclophosphamide
plus prednisone became the standard of cate for SLE nephritis over the next two
decades. However, if this trial had been conducted over only a 3-year period or
less, as is the case in more than 98 % of randomized controlled trials in rheuma-
tology, it would have been concluded that no advantage is seen to the combina-
tion of prednisone plus cyclophosphamide over prednisone monotherapy! Only
a clinical trial conducted in relatively asymptomatic individuals with support
from the intramural program of the United States National Institutes of Health
(NIH) allowed 10 years of observation, which would not be possible at most
clinical settings to establish a new standard of care.

2. Inclusion and exclusion criteria may restrict eligibility to fewer than 10 % of

patients with a particular diagnosis who may be considered eligible for a clini-
cal trial.
In theory, all individuals with a particular diagnosis should be eligible to partici-
pate in a clinical trial. This goal is more likely to be met in a short-term trial of
an antibiotic to eradicate an infectious agent, rather than for a longer-term (but
usually not long enough) trial of a medication that affects primarily mammalian
cells. In practice, however, all clinical trials have inclusion and exclusion crite-
ria, designed to ensure that a relatively homogeneous group of patients with
sufficient disease activity and without severe confounding comorbidities are
studied to document improvement.

In many, if not most, instances, inclusion criteria are rather stringent, so that
only a small fraction of patients are eligible for the trial. For example, inclusion
criteria in the Anti-TNF therapy in RA with concomitant therapy (ATTRACT)
trial of infliximab — the first trial reported of a biological agent in RA — were
found to exclude 95 % of patients seen in 2000 in the author’s clinical setting
[98] (Fig. 5). The three inclusion criteria were six swollen and six tender joints,
met by only about one-third of patients; morning stiffness of 45 min and elevated
ESR or CRP (2 of 3), met by only half the patients who had six tender and swol-
len joints; and a methotrexate dose greater than 12.5 mg per week which was met
by only one-third of these patients. Cumulatively, these three basic inclusion
criteria allowed only 5 % of RA patients to be eligible for this trial [98] (Fig. 5).
Similar data have been reported in other reports [99, 100].

All clinical trials also list exclusion criteria, as many variables other than
assignment to an intervention or a placebo may affect possible outcomes, such as
high age, low education level, low or high disease severity, comorbidities, organ
damage, fibromyalgia, previous and concomitant interventions, and many oth-
ers. Exclusion criteria also restrict entry into the trial to certain possible subjects,
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Fig. 5 Analysis of patients with rheumatoid arthritis (RA) who were potential participants in the
ATTRACT (anti-tumor necrosis factor e trial in rheumatoid arthritis with concomitant therapy)
trial of infliximab plus methotrexate versus methotrexate monotherapy. Of the 152 patients in this
consecutive patient cohort, 12 did not have a joint count recorded and another 2 patients were tak-
ing etanercept or infliximab at the time of the first joint count and would therefore have been ineli-
gible for the ATTRACT study. Thus, 138 patients were analyzed for meeting the inclusion criteria
of the ATTRACT trial: >6 tender joints and >6 swollen joints; 2 of the following 3 — morning
stiffness of >45 min, ESR of >28 mm/h, or CRP of >2 mg/dl; and methotrexate (MTX) dose of
>12.5 mg/week [98] (From Sokka and Pincus [98] with permission)

in an effort to isolate observed differences to the treatment, and reduce effects of
confounding variables.

In theory, the process of randomization should allow adjustment for other
variables that might affect the results of a clinical trial. However, in practice,
extensive exclusion criteria are common — and compromise the generalizability
of results to all patients. For example, many clinicians would treat a patient
with RA who is older than 80 years and has a history of breast cancer in remis-
sion for 20 years with a biological agent, the efficacy of which was documented
in a clinical trial that excluded people who met both criteria for age and
comorbidity.

3. Differences between a medication and a placebo are required to be statistically

significant but not necessarily robust — statistical significance may indicate only
marginal clinical significance.
A clinical trial that includes large numbers of patients may indicate that marginal
clinical differences are statistically significant. For example, hundreds of clinical
trials conducted during the 1970s and early 1980s indicated that various nonste-
roidal anti-inflammatory drugs (NSAIDs), such as ibuprofen, naproxen, piroxi-
cam, and diclofenac, led to improvement in RA patients in the number of tender
or swollen joints.

The data were highly statistically significant in clinical trials which included
relatively large numbers of patients. However, NSAIDs provided only marginal
benefits to most patients [101], although a few individual patients experienced
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great benefit with each of the medications. NSAIDs often are not used at all, or
only on an “as needed” basis in contemporary management of RA, although
efficacy was documented in dozens of clinical trials.

4. Clinically important differences may not be statistically significant due to insuf-
ficient numbers of patients for statistical power.
Many important rheumatic conditions are seen in relatively small numbers by
any individual health professional. Furthermore, enrollment in a clinical trial
may be limited by inclusion and exclusion criteria. For example, during the early
1970s, four randomized controlled clinical trials were conducted in patients with
SLE nephritis to compare mortality with combinations of prednisone plus aza-
thioprine versus prednisone monotherapy (plus placebo). Two trials of Donadio
et al. [102] and Hahn et al. [103] indicated no significant differences with com-
bination versus prednisone monotherapy, while two others of Sztejnbok et al.
[104] and Cade et al. [105] indicated lower mortality in patients treated with a
combination of prednisone and azathioprine versus prednisone monotherapy
(Table 4). Differences in results may be explained in part by differences in
patients selected for the trials, as the two studies in which an advantage was seen
to the combination included more patients with diffuse proliferative glomerulo-
nephritis, the type of SLE nephritis with the poorest prognosis.

Many individual trials in rheumatic diseases do not have sufficient statistical
power to provide statistically significant conclusions. Such limitations in indi-
vidual clinical trials in SLE nephritis have been overcome in part by a pooled
analysis performed by Felson et al. (Fig. 6) [106]. The pooled analysis of eight
studies indicated clear statistically significant advantages to combinations of
corticosteroids plus immunosuppressive therapy versus corticosteroids alone in
treatment of SLE nephritis (Fig. 6). Enhanced statistical power provided by a
pooled analysis may overcome in part limitations of small numbers in individual
clinical trials.

Table 4 Analysis of mortality in four randomized controlled clinical trials in SLE nephritis in
which treatment with prednisone + azathioprine was compared to prednisone only

Randomized controlled trials

Sztejnbok

etal. (1971) | Cade et al. Donadio et al. | Hahn et al.
Trial characteristics/results [104] (1973) [105] | (1974) [102] | (1975) [103]
Period of observation 3 years 4 years 3 years 2 years
Prednisone monotherapy: % 32 % (19) 73 % (15) 0% (9) 30 % (13)
4-year mortality (in N patients)
Prednisone +azathioprine: % 0% (16) 46 % (13) 0% (9) 18 % (11)
4-year mortality (in N patients)
Difference statistically significant? | Yes Yes No No
Number with diffuse proliferative | 24/35 28/28 7716 14/24

glomerulonephritis/total number
Adapted from Sztejnbok et al. [104], Cade et al. [105], Donadio et al. [102], and Hahn et al. [103]
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Although “power calculations” are based on sophisticated mathematical
computations, implying substantial precision, in actual fact, they must be based
on estimates, which may involve incorrect assumptions. Furthermore, many
rheumatic diseases are quite unusual, and it may be difficult to identify a suffi-
cient number of patients to participate in the study, even if power calculations are
valid. Therefore, many clinical trials may not show an effect simply because
there is insufficient statistical power. Enhanced statistical power may be pro-
vided by a meta-analysis of many clinical trials, which may overcome in part
limitations of small numbers in individual clinical trials [91], but even meta-
analysis cannot overcome a short time frame, exclusion criteria, etc., as noted
above.

5. Important variables affecting outcomes other than whether a patient was

randomized to a medication versus another medication or placebo may be
seen — but usually ignored in reporting of the clinical trial.
The basic design of the randomized controlled clinical trial is focused on identi-
fying differences in results using one intervention versus another or a placebo,
and reports of results naturally emphasize this comparison. However, in some
trials, outcomes are affected more by variables other than whether a patient was
randomized to a drug versus another medication or placebo.

One example of this phenomenon is seen in the Beta-Blocker Heart Attack
Trial (BHAT) study, designed to compare treatment with a beta-blocker medica-
tion, propranolol, versus placebo, to prevent death from a second heart attack in
people who had suffered a recent heart attack [107]. The trial documented that
propranolol was more effective than placebo (Fig. 7). However, the patients’
level of formal education — a surrogate for self-management, life stress, and
social support — was associated with greater differences than medication versus
placebo (Fig. 7) [108]. Of note, recognition of differences according to educa-
tional level is not nearly as widely known as differences according to the medica-
tion versus placebo.
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Fig. 7 Life-table cumulative mortality curves in the Beta-Blocker Heart Attack Trial (BHAT)
according to (a) placebo treatment, (b) propranolol treatment, (c) education level, and (d) life

stress and social isolation [108]

Another example of a clinical trial in which other variables were more
significant than differences between the medication and placebo involved analy-
sis of clofibrate versus placebo to reduce lipid levels in cardiovascular disease
[109]. The 5-year mortality of patients treated with clofibrate was 20 % com-
pared to 21 % in patients treated with placebo, a nonsignificant difference [109]
(Table 5). However, 5-year mortality of patients randomized to clofibrate who
adhered to their prescriptions was 15 % versus 24 % in nonadherents and virtu-
ally identical in patients randomized to placebo 15 % in adherents to placebo
versus 28 % in nonadherents (P <0.0001 for adherent vs. nonadherent within
each treatment arm) (Table 5). These data indicate that adherence to a treatment
regimen was far more powerful to explain a reduction in mortality than whether
or not patients were assigned to a lipid-lowering medication versus a placebo.
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Table 5 Five-year mortality in patients given clofibrate or placebo, according to cumulative
adherence to protocol prescription [109]

Treatment group

Clofibrate Placebo
Adherence® N % mortality® N % mortality®
<80 % 357 24.6+2.3 % (22.5 %) 882 28.2+1.5 % (25.8 %)
>80 % 708 15.0£1.3 % (15.7 %) 1,813 15.1+£0.8 % (16.4 %)
Total study group 1,065 18.2+1.2 % (18.0 %) 2,695 19.4+0.8 % (19.5 %)

A patient’s cumulative adherence was computed as the estimated number of capsules actually
taken as a percentage of the number that should have taken according to the protocol during the
first 5 years of follow-up or until death (if death occurred during the first 5 years)

"The figures in parentheses are adjusted for 40 baseline characteristics. The figures given as per-
centages +1 SE are unadjusted figures whose SEs are correcting to within 0.1 unit for the adjusted
figures

6. Traditional clinical trials with a parallel design have inflexible dosage schedules
and restrict concomitant medications, although a flexible dosage schedule
toward a target with multiple medications may provide optimal results.
Contemporary trials designed for registration of new therapies require that a new
medication have statistically significantly greater efficacy than a placebo, with
an acceptable profile for adverse events, in a parallel design [110]. This type of
clinical trial may provide unequivocal documentation that a therapy under study
is superior to placebo.

However, this parallel design does not allow testing combinations of thera-
pies, which are recognized increasingly as optimal for most patients with inflam-
matory rheumatic diseases [111]. One approach to overcome this limitation
involves a “strategy trial,” in which patients are treated with combinations of
DMARDs versus monotherapy toward a target, generally a disease activity
score — DAS [26] or DAS28 [27] — to indicate low disease activity or remission,
with a protocol requiring adjustment of treatment at frequent visits.

Eight “strategy trials” have been reported in RA [112-119] (Table 6), all of
which documented significant advantages to intensification of therapies based on
careful patient monitoring aimed at a target measure versus traditional therapy
that was unchanged over longer periods. All eight trial results indicate that a
strategy of aiming for low disease activity or remission appears more important
than the agent used [120]. A “treat-to-target” strategy is emerging as the standard
of care in RA [121]. Similarly, almost all patients with any inflammatory rheu-
matic disease are treated with combinations of medications, which cannot be
studied optimally in clinical trials which restrict dosage and combinations.

7. Surrogate markers and indices used in clinical trials may be suboptimal mea-
sures to detect changes in clinical status or predict important clinical
outcomes.

The ultimate goal of treatment for a chronic disease is to prevent or postpone the
most feared long-term consequences, such as death and disability, which gener-
ally result from poorly controlled dysregulation such as inflammation, leading to



194

Table 6 “Strategy” tight control clinical trials in rheumatoid arthritis

Study Participants

Pure intensive strategy versus usual care
Grigor et al. N=111, DAS

[112] >2.4, disease

duration <5 years

TICORA study

2 sites 18-month
open-label RCT
in Glasgow,
Scotland
Fransen et al.
[113]
Multicenter;
6-month cluster
RCT at 24 sites;
The Netherlands

N=384 meet
1987 ACR criteria

Verstappen et al. | N=299

[114] participants
meeting the 1987
ACR criteria,

CAMERA study disease duration

2-year <1 year

multicenter

open-label

strategy trial

Interventions

Intensive management:
monthly assessment — if
DAS >2.4, escalation of
therapy according to
step-up protocol

Routine care: usual
rheumatology follow-up

Intra-articular
triamcinolone in all
swollen joints

Conventional treatment

DAS28 collected at
selected visits

Conventional strategy

Intensive strategy group
according to a computer
decision program

T. Pincus

Outcomes

Primary: proportion of
patients with a good
response (defined as a
DAS <2.4 and a fall in
this score from baseline
by >1.2)

Secondary: proportion of
patients in remission (DAS
<1.6), ACR20/50/70,
radiographic progression

Primary: proportion of
patients with DAS28<3.2
at week 24; Secondary:
dose changes in individual
DMARD:s and changes in
patient pain, global
disease activity, and
disability

Primary: remission for at
least 3 months —no SJC,
< 3TJC, ESR <20, global
VAS <20

Secondary: improvement
in single measures; mean
change in disease activity

“Hybrid’: Initial parallel design treatment groups plus “intensive strategy”

Goekoop- N=508

Ruiterman et al. participants

[115] meeting the 1987
ACR criteria, >6
SJC and TIC,

BeSt study disease duration
<2 years

1 (2-5)-year

multicenter RCT

in the

Netherlands

Sequential monotherapy

Step-up combination
MTX+SSZ+HCQ
Initial combination
MTX +SSZ + Prednisone
Initial combination
MTX +infliximab

Primary: functional
capacity by HAQ and
radiographic damage by
modified Sharp/van der
Heijde

Secondary: ACR20/50/70
and clinical remission
defined as DAS44< 1.6

(continued)
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Table 6 (continued)

Study

Hetland et al.
[116]

CIMESTRA study
2-year
multicenter
placebo-
controlled
double-blind
RCT in Denmark

Saunders et al.
[117]
TICORAii

12-month RCT at
3 sites in
Glasgow
Verschueren et al.
[118]; 2 years at
single site in
Belgium

Moreland et al.
[119]

TEAR study
2-year

multicenter RCT
in USA

Participants
N=160
participants,
disease duration
<6 months

N=96,
DAS28>5.1,
disease duration
<5 years

N=71RA
patients with
unfavorable
prognostic factors

N=755 meet
1987 ACR
criteria, >4 TJC
or SIC, disease
duration <3 years

Interventions

MTX +cyclosporine

MTX +placebo
Monthly assessments in
both arms,
betamethasone injection
into all swollen joints;
increase dose of MTX
and/or cyclosporine by
predefined protocol
“Step-up” SSZ, MTX,
HCQ

Parallel triple therapy
with SSZ+MTX+HCQ
Intra-articular
triamcinolone in all
swollen joints
Step-down group:
modified COBRA
Step-up group:
monotherapy with MTX,
SSZ, HCQ, or AZA
Immediate
MTX-etanercept

Immediate
MTX-SSZ-HCQ
Step-up from MTX to
MTX-etanercept
Step-up from MTX to
MTX-SSZ-HCQ

195

Outcomes

Primary: ACR20 response
at 2 years

Secondary: remission,
cumulative dose of
betamethasone and
radiographic progression

Primary: mean decrease
in DAS28 at 12 months
Secondary: EULAR good
responses; # in remission:
ACR20/50/70

Primary: DMARD
changes

Secondary: use of
steroids, adverse events

Primary: change in the
DAS28 between week 48
and 102

Secondary: radiographic
progression,
ACR20/50/70,
modified-HAQ

Abbreviations: RCT, randomized control trial, MTX methotrexate SSZ, sulfasalazine HCQ
hydroxychloroquine, AZA azathioprine, DAS28 disease activity score for 28-joint counts, CDAI
Clinical Disease Activity Index, HAQ Health Assessment Questionnaire, 7JC tender joint count,
SJC swollen joint count, ESR erythrocyte sedimentation rate

cumulative organ damage. In a clinical trial over 1 year or even 5 years unless
very large numbers of patients are enrolled, it is not pragmatically possible to
assess long-term outcomes such as renal or cardiac damage in hypertension or
joint destruction or work disability in RA. Furthermore, damage to organs usu-
ally is irreversible by interventions designed to control the dysregulation — gen-
erally inflammation; after damage is advanced, medical interventions may be of
limited to no value (only surgery, dialysis, etc., are effective).

Therefore, interventions are properly studied to analyze reversible signs of
disease, which are amenable to drug therapy, such as an elevated blood pressure
in hypertension, reduced CD4 counts in HIV infection, or tender or swollen
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joints in RA. These “surrogate markers” are related to the long-term conse-
quences of damage, e.g., reduced mortality rates associated with control of blood
pressure [6, 7] or serum glucose [8]. However, in some instances, the correlation
between surrogate markers and long-term outcomes is not robust at all. For
example, there is little association between joint tenderness and radiographic
damage to joints in RA [122]. Furthermore, the natural history of joint tender-
ness is to improve over a 5-year period, while patients may experience joint
destruction with resultant deformity and limited functional capacity [123, 124].
Therefore, joint tenderness as a surrogate marker in a clinical trial may be lim-
ited in its capacity to represent future damage.

Identification of an appropriate surrogate marker has proven difficult in
SLE. Indices for SLE, which are needed as no “gold standard” measure is
available, have included the SLEDAI (Systemic Lupus Erythematosus Disease
Activity Index) [34, 125], SLEDAI 2 K [126], BILAG (British Isles Lupus
Assessment Group) index [35, 127], SLAM (Systemic Lupus Activity Measure)
[128], ECLAM (European Consensus Lupus Activity Measurement) [129], and
the SLICC/ACR (Systemic Lupus International Coordinating Clinics/American
College of Rheumatology) damage index [130]. According to these measures,
clinical trials of rituximab have shown no efficacy in SLE. By contrast, many
clinicians find rituximab of value in routine clinical care of SLE [131], reminis-
cent of differences between clinical trial data and clinical experience with
methotrexate in RA in the 1990s, noted above. One possible explanation is that
the indices used to assess status and improvement in the reported clinical trials
may be insufficiently sensitive to changes in SLE clinical status [132].

An example of the complexity of identifying an optimal measure for improve-
ment in patients with SLE is seen in recent analyses of a clinical trial of abata-
ceptin SLE [133]. The report of the clinical trial concluded that abatacept had no
significant clinical efficacy in SLE. However, analyses of various clinical end-
points that have been used in other SLE clinical trials suggest that if different
endpoints had been chosen, statistically significant advantages to abatacept ver-
sus placebo might have been found (Table 7) [133]. Therefore, the choice of a
surrogate measure for long-term damage may greatly influence the results
despite a control group.

8. Rare adverse events cannot be identified in most trials.
One particular limitation of clinical trials that cannot be surmounted, even with
a representative sample, particularly in rare or unusual diseases such as many
inflammatory rheumatic diseases, is the rare adverse event. For example, if a
severe adverse event occurs in 1 in 10,000 patients, and only 1,000 are studied in
clinical trials prior to approval of a medication, there is a reasonable chance that
this possible important adverse event may not be observed at all in these trials.
Therefore, it is probably always of value to collect post-registration surveillance
data on at least 50-100,000 patients who take a given medication to monitor for
unusual, but severe, adverse events. This goal can be accomplished in rheumatol-
ogy if, say, 10,000 rheumatologists around the world monitored all their patients,



Limitations of Traditional Randomized Controlled Clinical Trials in Rheumatology 197

Table 7 Rates of complete response in patients with nephrotic levels of proteinuria (>339 mg/
mmole (3 g/g)) at screening and/or baseline according to five sets of response criteria [133]*

Control Abatacept 10/10 Abatacept 30/10
Criteria treatment treatment treatment
BMS trial 1/54 (2 %) 1/49 (2 %) 2/56 (4 %)
ACR recommendations 1/54 (2 %) 3/49 (6 %) 7156 (13 %)
LUNAR trial 2/53 (4 %) 8/48 (17 %) 13/56 (23 %)
ALMS trial 3/54 (6 %) 9/49 (18 %) 14/56 (25 %)
ACCESS trial 4/53 (8 %) 15/48 (31 %) 17/56 (30 %)

Abbreviations: BMS Bristol-Myers Squibb trial, ACR American College of Rheumatology, LUNAR
Lupus Nephritis Assessment with Rituximab trial, ALMS Aspreva Lupus Management Study,
ACCESS Abatacept and Cyclophosphamide Combination: Efficacy and Safety Study trial
“Patients in the abatacept treatment groups received 12 months of treatment at 10 mg/kg every
28 days (abatacept 10/10) or 12 months of treatment at 30 mg/kg every 28 days for 5 months
followed by 10 mg/kg every 28 days for the remainder of the treatment period (abatacept 30/10).
Values are the number of complete responders/number assessed (%)

including the 5-10 with rare diseases such as polymyositis, systemic sclerosis,
and vasculitis, in identical long-term databases designed to pool the outcomes.
The technology for this type of activity has been available for decades, but
implementation to the rheumatology community (as well as general medical
community) has been quite limited.

Intrinsic Limitations

Pragmatic limitations of clinical trials described above theoretically could be over-
come by elimination of many logistical obstacles to an ideal trial. In other words, in
theory, it might be possible (and desirable) to design a clinical trial that includes all
patients with a given diagnosis, with no specific inclusion or exclusion criteria
(other than those in whom the proposed study medication might be harmful), suffi-
cient statistical power to observe trends that emerge from the study, indefinite con-
tinuation of the trial, and 20,000 subjects to detect rare adverse events. Nonetheless,
limitations are seen to randomized controlled clinical trials that are simply intrinsic
to the methodology, just as limitations exist to any scientific methodology, four of
which are discussed below:

1. The design of a clinical trial may greatly influence the results, despite inclusion
of a control group.
The inclusion of a “control group,” one of the defining characteristics in the basic
design of a randomized controlled clinical trial, is commonly thought to elimi-
nate bias in comparing results of one intervention to another or to a placebo.
A control group certainly reduces bias once patients are entered into a trial, but
does not eliminate all sources of bias. None the less, the design of the trial itself
may strongly influence results in favor or against a particular conclusion.
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Consider, for example, a simple clinical trial to compare a new medication
versus placebo in a given condition. Two design options may be (/) to require
“failure” with two previous standard treatments, so that patients have an oppor-
tunity to receive “standard of care” prior to enrollment in a clinical trial, or (2) to
include only patients who have had no previous treatment for the condition.

Clinical research (and common sense) suggest that, in general, a medication
is more likely to show efficacy when used as the first rather than as the third
medication in a patient after two prior failures. A requirement for two prior fail-
ures selects for patients who are in general (although not always) more refractory
to treatment. A new medication may show statistically significant differences in
efficacy versus a placebo when used as the first therapy for a disease, but be only
marginally better than a placebo in patients receiving the medication as their
third therapy.

Another example might involve a clinical trial to compare outcomes in
patients with a form of cancer who participate or do not participate in a support
group. Consider two alternative designs: (a) offering the clinical trial to all
patients at the time of diagnosis prior to any treatment; (b) offering the clinical
trial only to patients who have persistent disease after standard treatment with
surgery, radiation, and/or chemotherapy. Either design would appear quite
reasonable, as patients who might be “cured” through standard treatment might
be spared the trouble and expense of a support group, while “incurable” patients
may benefit. However, these two designs might lead to different results. Patients
beginning standard treatment would, by definition, have a higher likelihood of
overall success, which might give an opportunity for a support group to add to
this success. By contrast, patients who have failed standard treatment might be
expected to have a lesser possibility of overall success, with a lesser possibility
of additional value of a support group.

The design of a clinical trial obviously cannot preordain the results.
Nonetheless, the design of a clinical trial can greatly “tilt” the probability that
an intervention will or will not appear to be more efficacious than a placebo.
A “control” group does not invariably eliminate biases, which are intrinsic to the
design of any study.

2. Clinical trial data are reported in groups and generally ignore individual
variation
As noted in the introductory comments, the prototype clinical trials were per-
formed to analyze antibiotics in activity versus infectious bacteria. Bacteria are
simple single-cell organisms, which present a target for antibiotics to eradicate
from the body. A single optimal medication for all patients might be identified
for treatment of a specific bacterium, particularly when the capacity of a medica-
tion to affect a target pathogen is tested in a laboratory “culture and sensitivities”
analysis.

The treatment of complex multicellular and multiorgan human patients
clearly is not as simple. Variation in responses among individuals to a medication
would be expected in drugs designed to treat multicellular human organisms for
such disorders as overproduction of gastric acid, control of blood pressure,
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Table 8 Arthrotec compared to acetaminophen (ACTA) crossover clinical trial: patient ratings of
each drug [134]

Group I Arthrotec — acetamino- Group II acetamino-

Patient ratings phen N (%) phen — Arthrotec N (%) Total N (%)
Arthrotec 52 (58 %) 48 (57 %) 100 (57 %)
better or much

better

No difference 18 (20 %) 21 (25 %) 39 (22 %)
Acetaminophen 20 (22 %) 15 (18 %) 35 (20 %)
better or much

better

management of pain, or reduction of depression. However, in general, a clinical
trial is reported to identify the “best” therapy for all patients, rather than to iden-
tify which therapy might be most effective for particular individual patients.

Crossover clinical trials in which two agents are compared often document
the phenomenon of individual variation in responses to two or more treatments.
For example, in a crossover clinical trial of Arthrotec (diclofenac coated with
misoprostol) compared to acetaminophen (ACTA trial), 57 % of individuals
reported that Arthrotec was superior, 21 % that acetaminophen was superior, and
22 % found the two medications of equal efficacy (Table 8) [134]. An accurate
interpretation of the data might be that Arthrotec is better for most individuals,
but acetaminophen is better for some individual patients. However, the usual
interpretation of such data is that Arthrotec is “superior” to acetaminophen in
general.

This limitation may have significant consequences for therapies for individual
patients. Many hospital formularies will select only a single medication from a
given category, such as H2 blockers to reduce acid in peptic ulcer and reflux
disease, tricyclic antidepressants, or NSAIDs. The reasoning is that it is cost-
effective to have available only a single medication among several that all act
according to a similar mechanism. However, each individual medication may be
superior in some individual patients, due to different receptors, metabolism, and
other idiosyncratic characteristics of the host. The interpretation that a single
optimal medication exists for all patients with a disease is an incorrect assump-
tion, probably based in large part on the origin of clinical trials in studies of
antibiotic medications designed to interact primarily with simple bacterial cells,
rather than complex human organisms.

3. Interpretation of adverse events is not standardized and depends on assessment
of risks and benefits which differ widely among individuals.
All interventions, including medications, physical therapy, exercise programs,
etc., may be associated with some type of adverse event in certain individuals,
ranging from renal damage to inconvenient travel to a support group. Consider,
for example, in a comparison of two medications, that Medication A leads to
remission in 95 % of patients with few adverse event effects, but 1 in 10,000
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patients experiences renal failure, while Medication B leads to improvement in
50 % of patients, no remissions, and “nuisance” gastrointestinal side effects in
20 % of patients, but leads to no severe harm to internal organs. Which is the
preferred medication? That depends in large part on how an individual patient
assesses risks and benefits, which varies widely among individual patients and
individuals in general. As an example to patients, the author often asks a patient
to assess the risk/benefit of playing a lottery, pointing out that there is no single
“correct” answer. A committee verdict concerning groups cannot provide opti-
mal guidance to each individual patient.

In general, the community of health professionals accepts the interpretation
of the authors of a clinical trial regarding risks and benefits of a therapy. However,
in actual practice, certain patients may prefer the odds of one alternative or the
other and can make an informed decision as to which is the optimal treatment. A
clinical trial infers a “black and white” choice, while the actual results suggest
“shades of gray.” This interpretive component in analysis of results of a clinical
trial may explain occasional contentious disagreement within FDA advisory
groups concerning approval of certain new medications or procedures such as
mammography in 40- to 50-year-old women. A positive or negative recommen-
dation depends on analysis of risks versus benefits, interpretation of which varies
greatly among patients (as well as “experts”).

4. The format of a clinical trial compromises the “placebo effect” in not informing
patients that they may not receive the “best” therapy.
Considerable information has been reported over the last few decades concern-
ing the “placebo” effect in any patient intervention [135]. After all, until the
twentieth century, most medications were of little efficacy and yet health profes-
sionals were highly regarded as providing “curative” medications in many situa-
tions. This placebo effect is compromised considerably when a health professional
invites a patient to participate in a “scientific experiment” to recognize the best
therapy, rather than telling a patient that she/he will receive the “best therapy.”

Most clinical trials show substantial benefit to participants in both placebo
and treatment groups, suggesting that there nonetheless exists a considerable
“placebo effect” even within the clinical trial methodology. It may be argued that
both arms of a clinical trial are diminished in their therapeutic efficacy by loss of
possible placebo effect, but this loss is “controlled for.” It seems clear, nonethe-
less, that some of the therapeutic “placebo’” benefit which results from patients
being told that they are being given an optimal therapy is lost in the circum-
stances of the clinical trial.

Summary and Conclusion

Clinical trials remain the optimal method to compare one therapy with another or a
placebo independent of inevitable biases associated with choices of therapies [1,
82]. Nonetheless, clinical trials have limitations. In this chapter, selected random-
ized controlled clinical trials conducted in chronic rheumatic diseases, including
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RA, SLE, polymyositis, and OA, as well as other chronic cardiovascular diseases,
have been summarized to illustrate some of these limitations. Some limitations may
be overcome by longer trials and meta-analyses. However, pragmatic and intrinsic
limitations will always affect the clinical trial methodology to some extent. A greater
awareness of these limitations would be of benefit to health professionals and the
general public in interpreting results and implications of clinical trials for clinical
care.
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