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Alpha-1-antitrypsin replacement therapy: will its 
efficacy ever be proved?

D.C.S. Hutchison*, M.D. Hughes**

The study concerned with the treatment of alpha-1-
antitrypsin (AT) deficiency, which appears in this issue
of the Journal [1], requires that we all give serious thought
to this controversial and difficult topic. Before dealing
directly with the issues raised by the design of this
study, however, it is necessary to give some account of
the events that led up to it.

AT deficiency is a hereditary disorder that can lead
to the development of disabling pulmonary emphysema
at a relatively early age. AT is the main serum inhibitor
of proteolytic enzymes and one of its most important
functions is thought to be the inactivation of the potent
elastase produced by polymorphonuclear leucocytes. In
the severe form of the deficiency (subjects homozygous
for Pi type Z) the serum AT concentration may be no
more than 10–20% of normal and in these circumstan-
ces the pulmonary elastic tissue may be degraded by
the unopposed action of the leucocyte elastase. Cigarette
smoking can seriously exacerbate this effect.

The disability and early mortality that can result from
this disorder make it entirely logical to attempt replace-
ment of the missing serum protein fraction and poten-
tially suitable therapy has been available for some years
[2]. The current commercial products require intravenous
administration and have a half-life of no more than 5
days. In addition, such treatment might have to be ad-
ministered for many years and perhaps for the lifetime
of the patient. There has been extensive debate on how
this therapy should be evaluated and in particular whe-
ther a randomized controlled trial should be performed.
The problems of such a trial were recognized to be sub-
stantial; emphysema usually evolves slowly over a period
of many years and any trial requiring serial evaluation
of lung function would need to continue for a corre-
sponding period of time.

The possibility of conducting a randomized controlled
trial was discussed by a workshop supported by the USA
National Heart, Lung and Blood Institute (NHLBI) [3].
Pilot studies had already shown that, in patients with
severe deficiency, the serum AT concentration could be
raised from a mean of 37 mg·dL-1 to 108 mg·dL-1 by
intravenous infusion of 4 g of AT replacement [2, 4].
The members of the Workshop considered that the opti-
mal form of trial would be one carried out in patients

with relatively mild disease and that this would require
measurement of the decline in forced expiratory volume
in one second (FEV1) in treated and untreated groups
over a period of some years. At that time, there was no
data on the natural rate of decline in lung function in
AT deficient patients and the authors, while recogniz-
ing the possible errors of this approach, were obliged
to base their estimates of sample size on values obtained
in cases of non-AT deficient chronic obstructive pulmo-
nary disease (COPD) from previous studies. They came
to the conclusion that a total of over 300 patients would
be needed to show a 50% reduction in the rate of decline
in FEV1, in a study lasting for 5 yrs.

In a series of AT deficient cases published a few years
later [5], 60 cases homozygous for Pi type Z, who had
been followed up for some years, were identified; their
mean rate of decline in FEV1 was 93 mL·yr-1 with a
large standard deviation (143 mL·yr-1), as is often found
in this type of survey. The authors concluded again that
large numbers would be required, 253 in both treated
and untreated groups in order to detect a 40% reduc-
tion in the rate of decline in FEV1 in a study lasting 3
yrs. It was pointed out that, nevertheless, this would be
far preferable to a mortality study where much more
severely affected patients would be involved and the
numbers required would be even greater.

The production of AT replacement therapy on a com-
mercial scale was developed by Cutter Biological, Miles
Inc. (subsequently Bayer AG, Leverkusen, Germany) [6]
and by the Centre Régional de Transfusion Sanguine
(Lille, France) [7]; the commercial forms of AT have
similar activity to the native protein. Pasteurization was
shown to bring about rapid inactivation of retroviruses
including human immunodeficiency virus (HIV) [8] and
the serum AT levels in deficient subjects could be raised
to normal without serious adverse reactions [9, 10].

Alongside the development of commercial AT re-
placement therapy, a number of studies of the natural
history of the disease in several countries appeared in
the literature [5, 11–13]. The average rates of decline
in FEV1 were of the same order in the majority of stud-
ies but there were wide variations among patients, as
demonstrated by the large standard deviations. Further
calculations suggested that the required number of pati-
ents was perhaps not so great as previously envisaged
and could be achieved by a multinational European
study [14]; a parallel group study was recommended
with patients randomized to treatment and nontreatment
groups, ideally on a double-blind basis, the patients hav-
ing FEV1 ranging 35–75% of the reference value, with
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spirometry performed at monthly intervals. A study on
these lines involving patients in the Netherlands and
Denmark is in progress.

Commercial AT replacement therapy has, for some
years, been licensed for general use in AT deficient sub-
jects both in the USA and in Germany. The product has,
therefore, been administered to a large number of pati-
ents in both countries even though there has been no
formal study of its efficacy. An attempt to remedy this
situation has led to the combined German-Danish study
reported in this issue [1]. The aim of the study was to
compare two cohorts of AT deficient subjects, the German
cohort consisting of 198 PiZ homozygotes treated with
AT replacement therapy, while the 97 untreated sub-
jects in the Danish cohort were drawn from their long
established national registry of AT deficient patients.
The rate of decline in FEV1 was 53.0 mL·yr-1 in the
treated group and 74.5 mL·yr-1 in the untreated, a dif-
ference that is statistically significant. The authors have
pointed out that this was not a randomized study and
they have, indeed, recognized the limitations of their ap-
proach. They took a number of steps to try to ensure that
the two groups were comparable, important points being
their selection of index cases and of exsmokers, thus
ruling out the unpredictable effects of smoking on the
change in FEV1. They also drew attention to differences
between the two groups in terms of gender, follow-up
time and initial FEV1 but concluded that these factors
did not influence the results. Other factors that might
have been considered include the timing of the spirom-
etry measurements; the Danish group were required to
have "at least two spirometries at least 1 yr apart",
whereas in the German group measurements were made
every 6 months. In the German group the measurements
were made after bronchodilator administration, but this
aspect is not mentioned in relation to the Danish group;
nor do asthmatic symptoms appear to have been con-
sidered. It is particularly difficult, under the conditions
of this trial, to allow for the possibility of differences
in ancillary care both between countries and between
the individual centres. All these sources of imbalance
would have been eliminated in a properly designed ran-
domized controlled trial.

One of the pitfalls of retrospective selection of pati-
ents is well illustrated by examination of the data re-
ported by the same group of Danish workers 2 yrs
previously [15]. The patients described there are of sim-
ilar origin to those in the current German-Danish study;
they were drawn from the same national registry with
the same criteria for Pi type, age and spirometry. In the
74 index cases who were exsmokers the rate of decline
in FEV1 was reported as 59.1 mL·yr-1, as opposed to
74.5 mL·yr-1 in the current paper. No difference bet-
ween treatment and control groups would have been
demonstrated if the 1995 Danish patients had been used
for the comparison.

In 1988, the National Heart Lung and Blood Institute
(NHLBI) began the sponsorship of a 37 centre National
Registry of AT deficient patients [16]. It had been de-
cided that a randomized controlled trial of replacement
therapy would not be possible in the USA on the grounds
that the calculated number (300–500) of patients required
for a trial [3, 5] could not have been obtained. Such a
trial would in any case have been very difficult to con-

duct in the face of the decision by the Food and Drug
Administration of the USA to allow the product to be
used in the treatment of these patients; indeed more than
20% of the patients were already receiving AT replace-
ment therapy at the time of enrolment into the Registry.
The investigators were nevertheless able to enrol over
1,000 AT deficient subjects in the space of 44 months,
about 40% of whom had an FEV1 of 30–70% of the
predicted value [17], and would thus have been con-
sidered suitable for recruitment into a randomized con-
trolled trial.

"Uncontrolled trials are usually over-optimistic" [18]
and this author quotes several examples of nonrandomi-
zed trials in which a particular treatment was reported
favourably but where subsequent randomized trials showed
little or no advantage. The arguments against conduct-
ing a controlled trial of this therapy are now familiar.
The recruitment of sufficient subjects is essential for
any clinical trial and this could certainly have been
achieved by wider European (or even trans-Atlantic) co-
operation. The cost and duration of such trials are also
important constraints, though these apply to uncon-
trolled trials in equal measure. The fact that the thera-
peutic agent may have been in short supply only appears
to strengthen the argument for conducting a randomized
trial [19].

The main obstruction to the conduct of a randomized
controlled trial of this product seems to have been its
premature release onto the market, on the assumption
that its efficacy was already established. It has been
argued that the product is simply a replacement for the
naturally occurring protein, that there are few important
side-effects and it might therefore be of some benefit.
This proposition seems open to question; the product
may indeed have proven biochemical activity against
leucocyte elastase, the presumed harmful agent, but
must be administered by intravenous infusion at not less
than weekly intervals rather than being released from
the liver into the blood in the normal continuous man-
ner. It is surely unsatisfactory to find that a major phar-
maceutical company is able to release a product onto
the market without proving its efficacy in a properly
controlled randomized trial. 

It is now over 10 yrs since AT replacement therapy
became commercially available. It is to be hoped that
the current Danish/Dutch randomized trial has sufficient
power to address the question; otherwise the prospects
of conducting a randomized trial seem further away than
ever, since so many of the patients recruited with such
effort have already started on this therapy. Neither they
nor their medical attendants would take kindly to the
proposal that they should now take part in a random-
ized controlled trial of the treatment they are already
receiving and had previously believed to be effective.
The dilemma we now face emphasizes (hardly for the
first time) the necessity of undertaking a randomized
controlled trial as early as possible during the develop-
ment of any unproven therapy.
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