
In rheumatology we have been told for

years that the results of randomised

controlled trials may not be extrapo-

lated to the long term, and that a gain in

the beginning may not necessarily mean

a gain in what we solemnly call the “final

outcome”. In almost every review on

disease modifying antirheumatic drugs

(DMARDs) in rheumatoid arthritis

(RA), long term efficacy and long term

toxicity are always considered. The

importance of long term data is repeat-

edly stated, without, however, explaining

what information is really necessary.

And regulatory authorities nowadays

require long term studies before approv-

ing drugs which claim, for example, to

preserve function.

Probably as a consequence of this, we

are now facing an increasing number of

published follow up reports of clinical

trials—for example, references 1–6a.1–6a

The conclusion is always that some drug

is still as effective and as toxic as its

comparator, x years after the start of the

trial, or that drug A “maintains its

efficacy or its superiority over drug B”

over time.

REASONS TO PERFORM FOLLOW
UP STUDIES OF CLINICAL TRIALS
A large number of arguments are men-

tioned by different authors to justify fol-

low up studies. These arguments—more

or less valid—include doubts about long

term clinical efficacy, effects on radio-

logical progression and function, long

term toxicity, “drug survival time”, cost

effectiveness, and quality of life. Intui-

tively, follow ups of randomised control-

led trials (RCTs) enjoy a greater respect

than observational studies, because pa-

tients were allocated to groups by

chance, and most authors assume they

can make an appropriate between-group

comparison at the end.

The questions to be asked in this

editorial are:

• Does the methodology used in follow

up studies of RCTs provide data which

are valid?

• Do these studies really increase our

knowledge of particular drugs and

their long term benefits and harms?

METHODOLOGICAL ISSUES
Randomisation is the best insurance for
prognostic similarity of the treatment
groups.7 In other words, patients in both
groups differ from each other in nothing
but their trial treatment. Ideally, this
prognostic similarity is kept intact dur-
ing the study; this is why in most RCTs
co-interventions are forbidden or at least
strictly regulated, and why RCTs are of
limited duration.

“If there are no differences
in treatment effects during

an RCT, they are unlikely to
appear at follow up.”

It has become common practice that at
the end of a formal RCT patients are
asked—and sometimes encouraged—to
continue their trial drug indefinitely.
Often, for ethical reasons, statements
about this request are included in the
original trial protocol. Obviously, only
the completers of a comparative clinical
trial will continue the study treatment,
which may give rise to serious, some-
times interrelated, problems of prognos-
tic similarity.

Confounding by indication
Confounding by indication is a potential
pitfall of follow ups of RCTs and observa-
tional studies. Most follow up studies do
not define which criteria should be met
in order for the study drugs to be contin-
ued after the end of the trial, or which
strategy should be followed if the drug
fails. Treatment choice is “left to the
opinion of the patient and the doctor”,
which implies that patients with more
severe disease and a worse prognosis will
probably be treated with—or switched
earlier to—more intensive treatment
than patients with less severe disease. In
an RCT with evidence that drug A is bet-
ter than drug B at the end of the trial,
such a policy will ultimately reduce
prognostic similarity, leading to con-
founding by indication. As a result of
confounding by indication, treatment
effects that are divergent at the end of
the RCT may converge during follow up
(see below).

Cross over of effective treatment8

In comparative drug trials, in which one

drug is more effective than the other,

there is a considerable chance that

patients treated with the less effective

drug will be changed to the more

effective drug after the end of the trial.

Sometimes, patients consent to take part

in the study only when they receive a

promise that they will be treated with

the most effective drug after the end of

the trial. We have seen protocols in

which a statement about cross over of

the effective drug has been included,

often at the instigation of ethical com-

mittees. Cross over of effective treatment

differs from confounding by indication

in that it is not the (perceived) severity of

the disease that determines the choice of

drug, but the consequences are similar:

loss of prognostic similarity. Clinical

trials with significant cross over of treat-

ment are in our opinion not suitable for

follow up of efficacy.

Bias of completers
In trial designs, clinical investigators,

including the authors of this editorial,

pharmaceutical companies, and regula-

tory authorities are convinced that the

intention to treat (ITT) approach is the

most robust type of analysis.9–11 ITT

reasonably assures prognostic similarity

at baseline (but does not protect against

confounding by indication in follow up

studies). In follow ups of clinical trials

there is often some resistance against ITT

analysis, especially if the follow up is

long. This feeling is understandable,

because true ITT requires follow up of all

patients, including those who have taken

“only one drug dose” or those who have

withdrawn consent during the trial. It is

difficult to imagine how patients with-

drawing early may contribute to assess-

ing the long term efficacy of a drug that

they have hardly taken, and these

patients are often reluctant to cooperate

years after they have left the study, and

may not even be traced. However, results

are almost certainly biased if only those

patients that continue their study drug

for some years are included in the analy-

sis. A completers-only analysis is ex-

tremely biased towards good clinical

efficacy or good tolerability, or both.11 In a

completers-only analysis with drug A

which is relatively toxic and drug B

which is tolerated better, for example,

the make-up of group A at the end will

be determined largely by the absence of

toxicity and that of group B largely by

acceptable efficacy: failure of prognostic

similarity. It is obvious that an appropri-

ate comparison about the efficacy out-

come cannot be made in such a case.

STATISTICAL ISSUES
In follow up studies, people have a

tendency to assess and report the same
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outcome measures as those used in the

original RCT. Most often, a mixture of

process and outcome variables (for ex-

ample, WHO/ILAR core set), composite

indices (for example, DAS28), and re-

sponse proportions (for example,

ACR20) is presented as in the original

trial report. It is questionable whether all

these measures are appropriate for as-

sessing efficacy in follow up studies.

Process variables that are appropriate

for comparing disease activity in well

designed RCTs (including patients with

“active disease” at the start) are less

suitable for assessing efficacy of a drug

during follow up. If there is no “obliga-

tory” treatment protocol, patients and

doctors will be inclined to alter the

intensity of their treatment to a level of

“acceptable” disease activity. In the

follow up of the COBRA trial, we found

that the DAS28—as well as other process

variables—converged towards a mean

level of four points over time in both

groups, compatible with low to moderate

disease activity, and apparently this was

the level that was accepted by patient

and doctor.12

To overcome these shortcomings of

process variables, an increasing number

of investigators propose time averaged

values for disease activity parameters, by

using an area under the curve method.

There is some rationale for this because

time averaged estimates for disease

activity correlate better with radiological

progression than point estimates.13 14 But

again, time averaged estimates as out-

come measures for efficacy in compara-

tive follow up studies are of limited

value, if one realises that any contrast

between treatment groups will certainly

be due to differences appearing during

the RCT—not during the follow up.

Mutatis mutandis: if there is no signifi-

cant contrast in the effect of treatment at

the end of an RCT, it is most unlikely that

such a contrast will appear during follow

up.

We have seen follow up studies report-

ing proportions of patients that “still

meet” the ACR criteria for improvement

over time (see for example, Scott et
al5).The ACR improvement criteria have

been developed to measure improve-

ment, not to measure maintenance of

low disease activity, which is an entirely

different concept.15 Repeatedly using

ACR response proportions or change

from baseline scores at consecutive times

overemphasises baseline values, without

taking into account actual disease activ-

ity.

Many authors analyse measures at

different times as if these repeated

measurements are independent of each

other. Repeated measurements of any

kind of variable, however, are character-

ised by a high intra-patient correlation; it

makes the best predictor of the DAS28 at

tx the DAS28 at tx−1. Neglecting this intra-

patient correlation may lead to overinter-

pretation of contrasts between treatment

groups, because a statistically significant

difference at tx-1 will have a higher prob-

ability of existing also at tx, irrespective

of treatment.

ARE FOLLOW UP STUDIES OF
RANDOMISED CONTROLLED
TRIALS VALUABLE?
Based on the considerations mentioned

here, we doubt whether many of the fol-

low up studies of RCTs now being

published teach us more about a particu-

lar drug. It has been argued already that

any contrast between two drugs is most

likely to arise under the ideal experimen-

tal conditions of prognostic similarity—

namely, the RCT. Probably, ideal experi-

mental conditions are increasingly

weakened towards the end of an RCT, so

that an ideal RCT is of limited duration.

In RA trials we need 6–12 months,

because this is the time frame at least

required to demonstrate differences in

radiological progression in well de-

signed, appropriately powered clinical

trials.

“Mortality, joint prostheses,
withdrawal from the labour

force, and radiological
damage are real outcome
measures in a follow up

trial”

If in an RCT of appropriate duration no

contrast in the efficacy of different treat-

ments can be found, it is meaningless to

follow up those patients under far from

ideal experimental conditions for many

years.

If there is a treatment contrast at the

end of an RCT, it is of little value to follow

up process variables as primary outcome

measures; the results—either positive or

negative—will not be interpretable be-

cause of too many interrelating factors.

One should look for real outcome meas-

ures, such as mortality, joint prostheses,

withdrawal from the labour force, and

radiological damage. A radiological dam-

age score is the sum of all the damage

that has occurred over time, and corre-

lates well, although incompletely, with

disease activity and, in the long term,

with function.16 17 Radiological damage

thus represents historic disease activity,

and is not subject to fluctuations of

process variables. But again, if there is no

difference at the end of the trial, it is

useless to follow up the patients in a fur-

ther study.

Some people advocate functional abil-

ity as the best outcome measure for the

long term. In theory, functional ability is

a better outcome than disease activity,

but the instruments to measure func-

tion, such as the Health Assessment

Questionnaire, are so greatly influenced

by disease activity that the component of

function that is not subject to fluctuation

cannot easily be derived.18

Of course there are valid reasons for

performing follow up studies of RCTs.

The most important reason might be

long term toxicity, especially if there are

theoretical arguments suggesting that

specific adverse events may occur some

time after the exposition to the drug—

for example, the fear of malignancies

after tumour necrosis factor α blocking

treatment, or after cyclosporin A.19 20

If long term studies are performed, it

is wise to use appropriate statistical

techniques. The recent development of

longitudinal regression techniques, such

as generalised estimating equations

(GEE), has made it possible to study lon-

gitudinal relationships between

variables.21 22 GEE have other advantages

in follow up studies: they adjust for

unequal time intervals and missing

values, two common occurrences in

follow up studies. We have not often seen

the application of GEE in rheumatology,

probably because they are not available

in common software packages, and their

real merit should be established experi-

mentally. In our experience, however,

GEE are a powerful technique, particu-

larly for analysing data with some longi-

tudinal development, such as radiologi-

cal damage.12

CONCLUSIONS
The number of published follow up

studies of randomised clinical trials

increases. These studies are often open

label extensions of the formal trial,

without a specified treatment protocol.

Analyses often are repeats of the primary

analysis of the RCT, whereas sophisti-

cated longitudinal techniques would be

more appropriate. Reports lack a pre-

defined study question, and confound-

ing by indication or biases introduced by

some kind of skewed withdrawal of

patients is neglected. All too easily,

conclusions are overinterpretations of

the findings.

We recommend that follow up studies

should only assess data that can be reli-

ably obtained and analysed, and that

provide better insight into “real out-

come”. For example, a follow up study of

an RCT with two DMARDs in patients

with RA should include annual assess-

ments of mortality, malignancy, and/or

other comorbidity (for example, joint

prostheses), radiological damage, and

labour participation.

In all other cases, the rheumatological

community might be served better with

data that answer the question, “Which

patients should be treated intensively
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(expensively) and which not?”, rather

than “Is drug A still effective after four

years?” These data can be obtained

within the original RCT, and follow up is

not necessary.
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