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Effective randomized clinical trial design: sequential analysis

Sufficiently large well-conducted randomized clinical
trials (RCTs) are necessary for proper evaluation of thera-
pies. However, in the field of hepatocellular carcinoma
(HCC) most studies are uncontrolled or poorly controlled
— using historic controls or other types of non-randomized
control groups, which may imply a bias — most often in
favour of the ‘new’ therapy. Decision analysis based on
Markov modelling is usually based on uncontrolled data
and does not represent an alternative to RCTs. Advanced
statistical analysis cannot compensate for a lack of relevant
data. Thus, at present the evidence of a beneficial effect of
some of the therapeutic modalities used in this disease is
questionable.

Recently, Llovet et al. [1] published a well-performed
RCT comparing arterial embolization and chemoemboliza-
tion with symptomatic. treatment for unresectable HCC.
They demonstrated that compared with conservative treat-
ment chemoembolization significantly increased survival.
They successfully used the sequential analysis design,
which was first described extensively by Wald more than
50 years ago [2]. Since then it has been further developed by
other prominent statisticians, in particular Armitage [3] and
Whitehead [4]. As the name implies, the method is based on
sequential analysis of the data as they accumulate during the
trial period. The trial is terminated when the current cumu-
lative outcome achieves a certain magnitude. Thus, the
sequential design has the clear advantage of providing an
effective stopping rule: as soon as a well-defined result is
obtained, the trial is stopped, the two possible results being
either a significant difference between the treatments, or no
significant difference with a type 2 error risk of overlooking
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a given effect less than specified at the planning stage. The
design implies a close monitoring of the trial, and the well-
defined stopping rule effectively eliminates any unnecessary

or undesirable continuation of the trial beyond the point at

which one treatment is clearly better than the rival ireat-
ment. These features give the sequential design ethical
and economical advantages over other trial designs.

Since repeated inspection and testing of the cumulative
result implies an increased risk of type 1 error (false positive
result), adjustment of the nominal significance level at each
test is necessary. The more inspections, the greatér the
necessary adjustment. Furthermore, the sequential analysis
plan depends on the difference (A) in effect between the
therapies to be determined, the overall type 1 error risk
(2a) and the power (1 — B). The sequential analysis design
can be used with any type of endpoint including proportions,
quantitative variables and survival data.

In their paper Llovet et al. studied survival — being the
primary endpoint — devising their sequential plan and analy-
sis according to the methods of Whitehead using his compu-
ter program PEST (Planning and Evaluation of Sequential
Tests) [5] version 3.0. This advanced program can adapt the
sequential design to fulfil specific needs: (a) stopping for
evidence of treatment difference or for lack of difference;
(b) stopping only for evidence of treatment difference; (c)
stopping in case of evident harm; or (d) stopping as soon as
it is evident that insufficient benefit will be seen. It also
allows for the sequential design in all final analyses of the
trial and provides confidence limits of the result.

Llovet et al. inspected the data at every five deaths, and
after the ninth sequential inspection a significant difference
in favour of chemoembolization was found when the upper
boundary of the sequential analysis diagram was crossed.
Adjustment for possible imbalance in prognostic variables
between the groups using Cox regression analysis did not
change the result.
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The work of Llovet et al. illustrates very well the effi-
ciency of the sequential analysis design, which undeserv-
édly is rarely used. A crude MEDLINE search in the field of
hepatology disclosed only two other RCTs using this
method [6,7]. Hopefully in the future the virtues of this
elegant methodology will be more widely recognized.
Sophisticated tools for its optimal use have already been

developed.
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