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The duration of administration of magnesium sulphate should
preferably not exceed a few days, in order not to affect foetal
osteogenesis. Neonates born with high serum levels of magne-
sium may be hypotonic and present with respiratory depression.
However, these side-effects are easy to treat with the intravenous
administration of calcium gluconate.

These and other studies have shown compellingly that magne-
sium sulphate is more effective than phenytoin and diazepam in
preventing recurrent seizures in preeclamptic women. The use of
the two latter drugs can, therefore, no longer be justified.

Lessons learnt from the multicentre randomized
trials of tacrolimus in liver transplantation

Starzl TE, Donner A, Eliasziw M, Stitt L, Meier P, Fung 11,
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University of Pittsburgh Medical Center, Pittsburgh, USA; De-
partment of Epidemiology and Biostatistics, University of West-
ern Ontario, Ontario, Canada; Department of Statistics, Columbia
University, New York City, New York, USA.) Randomised
trialomania? The multi centre liver transplantation trials of
tacrolimus. Lancet 1995;346: 1346-50.

SUMMARY
This article challenges the scientific and ethical basis of the European
and American multi centre trials of the immunosuppressive drug,
tacrolimus in liver transplantation, and draws attention to various
defects in their scientific design and interpretation.

The authors stress in the introductory paragraph that by 1990,
their group had reported the successful use of tacrolimus in control-
ling allograft rejection of various abdominal and thoracic organs
without any unexpected toxicity. In their view, tacrolimus had
resulted in as marked an improvement in results as was seen 10 years
previously with cyclosporin (CsA) over azathioprine-based immuno-
suppression. They point out that the similarities between dose-
limiting side-effects of tacrolimus and CsA were well known at the
time as were the differences in their pharmacokinetics and minor
side-effects. The upper and lower limits (toxic v. therapeutic range)
of doses and blood levels could be determined clinically by using
toxicity and rejection respectively as guides. Using this 'keystone
management principle' the authors arrived at the optimal dose of
tacrolimus by reducing the initial dose in their protocol twice within
the first two years of its use.

In 1989, when tacrolimus was licensed as an investigational drug
for use in Pittsburgh, USA alone, there was increasing demand for it
as rescue therapy in patients from other centres. In order to justify its
more widespread use, the Federal Drugs Administration (FDA) sug-
gested (mistakenly according to the authors) that rnulticentre trials be
carried out. Although Pittsburgh initially opted out of the trials as
they were convinced of the superiority of the new drug, because of
the local pressure, they undertook a separate randomized trial at their
centre. This trial was well designed with the treatment arms balanced
in all other respects except for the two drugs being compared (i.e.
tacrolimus and CsA). A local interim analysis led to the premature
termination of this trial. It showed that compared with patients on
CsA, those maintained on tacrolimus had a significantly greater
freedom from rejection alone, from graft loss and adverse events.

THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 9, No.5, 1996

REFERENCE
I Eclampsia Trial Collaborative Group. Which anticonvulsant for women with eclampsia?

Evidence from the Collaborative Eclampsia Trial. LanceI1995;34S:1455...{j3.

J. J. AMY
Department of Gynaecology, Andrology and Obstetrics

Academic Hospital
Vrije Universiteit Brussel

Brussels
Belgium

The authors have levelled the following criticisms on the two
multicentre trials. The starting doses oftacrolimus were much higher
than would have been reasonable based on the previous Pittsburgh
experience. The adjustments of dosage were based on blood levels of
the drug despite the fact that the assays were often not available
locally. These factors resulted, at least initially, in the patients
suffering unacceptable toxicity. In addition, the protocol was not
balanced as the only additional drug in the tacrolimus arm was
prednisolone at a standard dose whereas in the CsA arm, the choice
of the number of drugs and their dosage was left to the individual
centre. The results of the trials are then discussed. The European trial
showed significantly less acute rejection, intractable acute rejection
and chronic rejection in the tacrolimus arm.

This resulted in a higher, though statistically insignificant, graft
and patient survival for the tacrolimus arm. The authors were
particularly critical of the American report. While it was correct to
exclude (censor) deaths from secondary end-point analyses, the
censoring of patients who experienced treatment failures or unac-
ceptable toxicity was considered inappropriate. The statistical meth-
ods used for generation of survival data were challenged. In both
trials, tacrolimus rescue therapy was required in about 10% patients
initially entered in the CsA arm. However, their survival was credited
to the original arm, as the results were analysed on an intention-to-
treat basis. The authors felt that tacrolimus successes had been
inappropriately ascribed to CsA. In a re-analysis described in this
paper the wrongly censored patients were reinstated, the results were
analysed on an intention-to-treat basis and the proportion of patients
in each arm who remained free from the undesirable end-points
(rejection, death, retransplantation, toxicity, etc.) were compared.
The tacrolimus arm fared significantly better with respect to freedom
from rejection alone and in combination with other factors assessed.
They also found that the composite freedom from refractory rejec-
tion, retransplantation and death was significantly higher in the
tacrolimus group.

In the discussion they present their view that these trials were
unnecessary because they added no extra knowledge to what was
already known and set the clock back for the widespread clinical use
oftacrolimus by 5 years. They further support this by referring to the
multi centre report from the University of California, Los Angeles
and the United Network for Organ Sharing transplant registries by
Gjertson et al,' showing a projected improvement in half-life of a
cadaveric-renal graft from 8 to 14 years with tacrolimus.

They finally clarify the lack of any financial motive or personal
gain in propagating this drug.

COMMENT

Although the authors had reported good results with tacrolimus in
Iiver, kidney and thoracic allografts by 1990,2.3 their claim that it
resulted in as appreciable an improvement as CsA had over
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FIG 1. Survival of patients on azathioprine, cyclosporin- and
tacrolimus-based immunosuppression during the 30-year
experience of the authors' liver transplant programme.
AZA azathioprine CY A-EC cyclosporin, EuroCollins

. solution for preservation CY A-UW cyclosporin, University
of Wisconsin solution for preservation FK tacrolimus,
University of Wisconsin solution for preservation
(Courtesy: Ann Surg 1994;220:297-309)

azathioprine is an oversimplification of an effect that was the
product of many factors and is perhaps an overstatement of the
benefit of tacrolimus. Figure I, a graph taken from a recent
publication from the authors' group," clearly shows that the
improvement of results with the advent of tacrolimus therapy was
not as impressive as that with the advent of CsA. This comparison
is confounded by a concomitant and continuing improvement in
donor organ quality, preservation methods, recipient selection,
surgical technique and postoperative care. It has been the experi-
ence of other major centres':" that over time, liver transplant graft
and patient survival have continued to improve in spite of not
switching to tacrolimus and have reached points comparable to
the Pittsburgh experience with tacrolimus. Further difficulty
arises from the fact that as chronic rejection rates decline and
survival curves inch close to the 100% level, increasingly large
numbers of patients and a longer duration of follow up will be
required to demonstrate any statistically significant improvement
over existing treatments.

The authors' principle of defining the lower limit of drug
dosage according to efficacy (control of rejection) and the higher
limit with toxic effects was the logical way to manage dosing of
tacrolimus not only at the time of its introduction but even today.
This is because the toxic ranges of doses and levels have still not
been satisfactorily worked out. Even today, both CsA and'
tacrolimus maintenance doses and target levels vary between
centres. With both drugs, there is an overlap between therapeutic
and toxic drug levels and' considerable inter-subject variation in
pharmacokinetics 7.8 and immunosuppression requirements."

The initial Pittsburgh experience with tacrolimus was largely
a rescue therapy in a small number of patients. 10 The subsequent
randomized trial at Pittsburgh also enrolled a small number.
Moreover, the results from this trial and indeed the publications
relating to the lower dose tacrolimus protocols developed by the
Pittsburgh team following their early experience were not avail-
able at the time the phase III multicentre trials were being planned.
The foregoing arguments necessitated more widespread (rather
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than single centre) experience with tacrolimus and hence justify
the two trials.

The randomized trials: The Pittsburgh protocol II was certainly
more balanced than the one used for the multi centre trials. 12.13 The
latter were flawed in that there were considerable intercentre and
minor intracentre variations in the CsA arm. This was partly
because the aim was to compare tacrolimus and low dose
prednisolone with what was thought to be the existing best
available treatment protocol at each participating centre. This also
reflects the hurdles in designing uniform protocols for multi centre
trials. Individual centres found it difficult to depart from their
standard practice, especially when it was already effective, to
accommodate a common study protocol. Even in the tacrolimus
arm, two different dose schedules were used although an attempt
was made to rectify that by analysing the results of the high-dose
and the low-dose phases separately in the European trial." This
could have been avoided if, as the authors suggest, lower doses of
tacrolimus were used from the beginning based on the Pittsburgh
experience. The authors correctly draw attention to the unjustified
censoring of patients who failed treatment or suffered unaccept-
able toxicity in the American trial analysis. 13 The point about the
success of tacrilomus being attributed to CsA in patients who
needed tacrolimus rescue is also valid. However, the authors do
not, in principle, disagree with the analysis on the basis of
intention to treat. If these grafts were considered CsA treatment
failures and hence graft losses for that treatment arm, then the
difference in graft loss rate between the two arms may have
achieved significance. On the other hand, owing to different
policies of dealing with steroid-resistant rejection in different
centres, the CsA treatment failure group is likely to have been
heterogeneous consisting of patients converted to tacrolimus after
either only one or two courses of steroids with antilymphocytic
globulin (ALG) and the monoclonal antibody or OKT3 in addi-
tion. It is therefore possible that while some patients in the CsA
arm responded to ALG and OKT3, others were switched to
tacrolimus before both these could be tried. These considerations
defy an easy solution to the problem of group allocation of the
converted patients. Allowance should have been made for conver-
sion based on strict and uniform criteria. If similar antirejection
policies for both arms can be assumed in every participating
centre, resistance to treatment was commoner in the CsA group in
the US trial. 13 In the European trial," however, although the
number of patients with refractory acute rejection was signifi-
cantly higher in the CsA group, there was no difference between
the two arms in the proportion of acute rejection episodes that
proved steroid-resistant or refractory to other treatment.

The authors have, in their own trial and the re-analysed
American trial, shown a statistically significant difference in the
incidence of rejection between the two arms. They subsequently
combined this factor with other end-points (death, retransplantation
and graft loss) to show composite significance. Re-analysis showed
results similar to (although different in absolute numbers from)
the original analysis. It is clear that the main difference between
the two treatment arms was in the incidence of rejection to which
the composite analysis owed its statistical significance. The
combined significance of a number of factors cannot, in our
opinion, be equated with straightforward better graft and patient
survival. As independent primary end-points, graft and patient
survivals were not significantly different in the two trials.
Tacrolimus significantly improved the graft survival only in the
Pittsburgh randomized trial. II Such data are not clearly addressed
in the re-analysed American multi centre trial.
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The argument challenging the need for these or other random-
ized trials before a new therapeutic agent is accepted for routine
and widespread use is difficult to support. We disagree with the
view that the answers sought were already known. These trials
were conducted (as most others are) to validate and reproduce the
apparent efficacy of a new drug under controlled and unbiased
conditions. The argument of there being no merit in renegotiating
the learning curve for a drug that was already well researched must
be weighed against the time-tested necessity for the reproducibil-
ity of any scientific development. The trials, however, suffered
from major design defects and, not unexpectedly, yielded contro-
versial conclusions. In the light of the recent reports of superior
results of the better absorbed and the more bioavailable form,
neoral over conventional CSA,14the next step appears to be a
multicentre trial between neoral and tacrolimus with balanced and
rigid protocols, and clear guidelines for anti rejection therapy and
changing treatment. On the other hand, it may be argued that since
neoral had been shown to be associated with a lower incidence of
rejection than conventional CsA, 14little may be gained from a trial
comparing the relative efficacy of neoral and tacrolimus in pre-
venting rejection. Currently, there is increasing interest in the
steroid-sparing, lipid-lowering and anti-chronic 'rejection effects
of tacrolirnus." These effects may further improve long term
survival oftacrolimus-treated patients. The key may therefore lie
in longer follow up of patients already on the drug rather than
conducting new trials.

We have reservations about the authors' use of recent evidence
by Gjertson et al.' of improvement in kidney graft survival with
tacrolimus to support its efficacy in liver transplantation. All the
tacrolimus treated patients in the report cited were participants of
clinical trials. Thus they were a preselected group who received
tacrolimus only in the presence of good early kidney graft func-
tion. Since kidney grafts with delayed function (comprising about
a third of all renal grafts) are known to have an inferior survival, 16
the CsA group is likely to have been disadvantaged on that score.
Even if the projected increase of graft half-life proves true, these
data cannot be extrapolated to liver graft survival since the
continuing long term attrition of kidney grafts due to chronic
rejection" is not observed in liver grafts.

In summary, the authors have made many valid criticisms
about the design of the trials and analysis methods used. However,
the fact that in spite of being experienced in the use oftacrolimus,
the majority of the European and many American centres con-
tinue to use CsA-based primary immunosuppression in liver
transplantation with equally good results, leaves a doubt about the
supremacy claimed for tacrolimus. The rationale for properly
constructed randomized trials cannot be questioned. This drug
deserved to be tested albeit in better designed trials. Enough
experience has now accumulated to allow the safe and routine use
of tacrolimus. The realization of the full potential of tacrolimus
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requires a better understanding of the cellular basis of its immu-
nosuppressive and non-immunosuppressive effects, the clinical
correlates of these effects in different organ allografts and longer
follow up of patients already receiving it.
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