
14oumalofNeurology, Neurosurgery, and Psychiatry 1994;57:164-168

A placebo-controlled trial of isoprinosine in
patients with multiple sclerosis

NM Milligan, D H Miller, D A S Compston

Abstract
Isoprinosine was used under double-
blind, randomised, and placebo-
controlled conditions in 52 patients
with relapsinglremitting or progressive
multiple sclerosis. All patients received
pulsed treatment with methylpred-
nisolone. There was no significant effect
of treatment on clinical disability or the
accumulation of MRI abnormalities,
after correction of results for multiple
comparisons. It is concluded that iso-
prinosine is not effective therapy for
multiple sclerosis.

(J Neurol Neurosurg Psychiatry 1994;57:164-168)
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Despite steady progress in understanding the
pathogenesis of multiple sclerosis, treatment
that influences the long-term course of the
disease has yet to be identified. Pulsed, high-
dose, intravenous methylprednisolone is now
used widely in the management of acute
relapse and also improves disability arising
from spasticity in some patients with chronic
progressive disease.' 2 The consensus view on

the use of currently available immunosup-
pressive treatments is that these are not effec-
tive or, at best, stabilise the rate of
accumulation of disability after a delay of
many months. Statistically significant results
have been reported after long-term treatment
but the therapeutic benefits are rarely useful
for the individual patient. Most of these treat-
ments carry significant adverse effects.

In the study reported here and in previous
trials,'3 the use of pulsed, intravenous methyl-
prednisolone was followed by long-term oral
immunological therapy in an attempt to
achieve rapid and sustained clinical improve-
ments. Isoprinosine was selected for oral
therapy because, during the design phase, this
was considered to be effective in several tissue
specific disorders characterised by an inap-
propriate immune response. Isoprinosine is
remarkably free from adverse effects45 and
preliminary evidence suggested a beneficial
role in the treatment of multiple sclerosis.s9

Intravenous methylprednisolone was given
electively to all patients at the start of the
study. Participants were then randomised to
receive oral isoprinosine under double-blind
and placebo-controlled conditions. Clinical
outcome measures (relapse frequency,
expanded disability status, and ambulation
index) were supplemented by quantitative
MRI. This preliminary study was limited to

about 50 participants, given the relative lack
of clinical information relating to the use of
isoprinosine in multiple sclerosis.

Materials and methods
PATIENTS
A population-based register of patients with
multiple sclerosis was used to identify
patients suitable for inclusion in the study. A
total of 104 patients, with scores on 1 January
1986 of <5-5 on the Kurtzke expanded dis-
ability status scale (EDSS)10 were invited to
discuss participation in the trial. Each patient
had been classified with the Poser criteriall
and had clinically definite or laboratory sup-
ported probable disease. Eighty-three were
later interviewed and examined. Twenty-
eight were not willing to take part or were
considered unsuitable because at review the
clinical manifestations were negligible or had
become too severe for inclusion in the study.
Despite this precaution, a number of
recruited patients subsequently deteriorated
and had a Kurtzke EDSS of >5 5 at the time
of entry. The trial protocol was described ver-
bally and in writing to each participant who
signed a statement of consent. Fifty-four
patients entered the study but two were sub-
sequently withdrawn because of failure to fol-
low the agreed protocol. Three others
completed most of the trial but were lost to
follow up at two years. One discontinued
treatment because of pregnancy.

METHODS
All participants were reassessed by one clini-
cian (NMM) who carried out a standard neu-
rological examination at entry. Details of the
clinical history were used to classify patients
as having relapsing/remitting (n = 26) or
chronic progressive (n = 26) disease. Of the
26 chronic progressive cases, four had pri-
mary and 22 secondary progressive disease.
Based on physical signs, scores were obtained
in all cases for the Kurtzke EDSS'O and the
(Hauser) ambulation index.'2 On one of the
next two days (day 2 or 3) each patient
underwent brain MRI on a 0 5 Tesla system
provided by the Multiple Sclerosis Society of
Great Britain and Northern Ireland at the
National Hospital, Queen Square, London.
Axial, contiguous 5 mm thick slices through
the whole brain were obtained with a moder-
ately T2-weighted sequence (SE2000/60).
Participants received 0 5 g methylpredniso-
lone by intravenous infusion over 30 minutes
in saline, as previously described,' between
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days 6-10, on an outpatient basis. A second
assessment of clinical status, including EDSS
score and ambulation index, was performed
on day 14. Each patient was randomised,
irrespective of clinical course, to take oral iso-
prinosine (3 g daily) in divided doses or a
placebo preparation containing lactose, pre-
pared and distributed by the same manufac-
turers. A second MRI scan was performed on
day 16 or 17 and patients started treatment
on day 20 for the duration of the trial (two
years). Clinical assessments were made at
intervals of four months (that is, on six fur-
ther occasions) and any new relapses, adverse
drug effects, or coincidental illnesses were
recorded. After two years of oral therapy with
isoprinosine or placebo, patients had a final
clinical assessment and a third MRI scan.
Blood pressure, weight, and urinalysis were
recorded at each visit together with routine
haematological and biochemical assessments,
including measurement of blood urate. At the
end of the study, the second and third MRI
scans were reviewed by two neuroradiologists
who recorded and compared all changes by
consensus. Each was blind with respect to the
clinical outcome and randomisation to active
or placebo treatment.

STATISTICS
Mean age and baseline disability scores were
compared by t tests. The distributions for
duration of disease and ambulation index
were skewed and are therefore described as
medians, which were compared with the non-
parametric Mann-Whimey test. This test was
also used to compare median numbers of new
or enlarged and disappeared or decreased
lesions demonstrated by MRI. The results of
treatment were compared between groups by
analysis of covariance with disability score at
each follow-up point as outcome and baseline
assessment as covariate. Tests of significance
were corrected for multiple comparisons.

Results
CHARACTERISTICS AT ENTRY
Fifty-two patients completed the study; two
patients withdrew before starting oral treat-
ment with isoprinosine or placebo and were
not included in the analysis. One patient
stopped oral therapy after becoming preg-
nant, but her assessments continued for two
years. Two patients were lost to follow up
during the study. These three cases have been
included in the analysis of results.

Table 1 Baseline characteristics ofpatients at entry into the trial

No of Age Duration Disability Ambulation index
patients (y) (Y) (Kurtzke EDSS) (Hauser)

Isoprinosine:
All patients 25 38-4 7 2-6 2-0

Relapsing 17 36-4 7 2-2 10
Progressive 8 42-6 11-5 3-6 2-5

Placebo:
All patients 27 42-7 8 3-2 2-0

Relapsing 9 43-1 10 2-3 1-5
Progressive 18 42-5 7 3-6 2-0

Twenty five patients were randomised to
active treatment with isoprinosine and 27
received placebo preparations. There were no
significant differences between these groups
in age, duration of disease, Kurtzke EDSS, or
ambulation index at entry (table 1). An equal
number of relapsing/remitting (26) and
chronic progressive (26; four primary and 22
secondary progressive) cases were studied
but, due to a randomisation error, more
patients in the isoprinosine-treated (17/25)
than placebo (9/27) group had relapsing/
remitting disease. Conversely, there was an
excess of cases treated with placebo (18/26)
compared with those treated with isoprino-
sine (8/26) in the chronic progressive group.
Mean age was significantly higher in the iso-
prinosine-treated cases with relapsing/
remitting disease but, in all other respects,
there were no baseline differences between
patients actively treated or given placebo.
The relapsing and chronic progressive
patients were comparable with respect to age
and duration of illness. It followed that, as a
group, the chronic progressive cases were
more disabled than relapsing patients at
entry.

DISABILITY
Considering all subjects, there was no signifi-
cant difference in disability scores between
the treated and control groups at 16, 32, 64,
80, and 96 weeks. There was an effect in
favour of isoprinosine treatment compared
with the placebo group at 48 weeks (t = 2-08;
p = 0 043; p, = 0 30). No significant differ-
ences in disability between patients treated
with isoprinosine and placebo were seen
when the subgroup of relapsing/remitting
patients was separately analysed. There was a
significant effect in favour of treatment with
isoprinosine in chronic progressive cases at
one week (t = 2-33; p < 0-029; Pc = 0 20) but
not at any subsequent follow up point.
Because of the non-random distribution of
cases treated with isoprinosine and placebo
with respect to clinical course, and the effect
this had on baseline disability, the actively
treated patients remained clinically less dis-
abled throughout the period of follow up. As
a group, their clinical course was stable until
48 weeks when there was a slight increase in
disability. By contrast, the patients treated
with placebo were consistently more disabled
and had deteriorated considerably after 64
weeks.
The effects of active and placebo treat-

ments were also compared in terms of the
number of patients whose disability scores
increased or decreased during the study.
There was no significant difference between
the two groups of relapsing/remitting patients
but a greater proportion of placebo than
actively treated progressive cases showed an
increase in disability during the trial. This
effect was also seen when the results were
compared between all patients receiving iso-
prinosine and those receiving placebo,
analysed without respect to clinical course.
Taken with the analysis of covariance, this
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Table 2 Number ofpatients in each category deteriorating or improved at completion of
the trial

Disability Ambulaion index
No of
patients Decreased Increased Decreased Increased

Isoprinosine:
All patients 25 7/23* 5/23 1/23 5/23

Relapsing 17 6/16 4/16 1/16 3/16
Progressive 8 1/7 1/7 1/7 2/7

Placebo:
All patients 27 8/27 13/27 2/25 12/25

Relapsing 9 5/9 2/9 2/8 4/8
Progressive 18 3/18 11/18 1/17 8/17

*Two patients were lost to follow up and do not appear in the final results for treated patients.

Table 3 Number ofpatients reporting new relapses during the trial

Relapses
No
ofpatients 0 1 2 3 4

Isoprinosine:
All patients 25 12 7 4 0 2

Relapsing 17 6 6 3 0 2
Progressive 8 6 1 1 0 0

Placebo:
All patients 27 13 11 1 1 1

Relapsing 9 11 4 1 1 1
Progressive 18 2 7 0 0 0

effect of treatment was not considered to be
statistically significant.

AMBULATION INDEX
Changes in the ambulation index seemed to
show a significant effect in favour of active
treatment although this partly arose from the
trend towards lower baseline ambulation
indices in patients receiving isoprinosine.
This effect was compounded by the randomi-
sation error resulting in a significant differ-
ence in the number of relapsing/remitting and
chronic progressive patients receiving active
and placebo therapy. When median ambula-
tion indices were compared separately in the
relapsing/remitting and chronic progressive
cases, there was no significant difference in
either group at any follow-up point except for
the relapsing/remitting patients at 16 weeks
(p = 0-028; pc = 0d19).

Active and placebo treatment has also been
compared by identifying patients whose
ambulation index increased or decreased dur-
ing the study. There was a trend towards a
more favourable course in all patients receiv-
ing isoprinosine, and in the sub-group of
progressive cases, which was not seen in the
relapsing/remitting group (table 2).

Table 4 Number ofpatients showingMRI changes during the trial

New or enlarged Decreased or gone

No ofpatients Total number of lesions

Isoprinosine:
Al patients 20 15 (127) 13 (34)

Relapsing 14 10 (106) 10 (16)
Progressive 6 5 (21) 3 (18)

Placebo:
All patients 25 19 (113) 14 (35)

Relapsing 8 7 (35) 6 (17)
Progressive 17 12 (78) 8 (18)

RELAPSES
Twenty three new relapses were reported by
the 25 patients receiving isoprinosine com-
pared with 20 by the 27 patients-receiving
placebo (table 3); two patients in each group
had more than three relapses during the trial.
A disproportionate number of patients
receiving isoprinosine had relapsing/remitting
disease and these would therefore be
expected to have had more relaspes than
patients treated with placebo, more of whom
had entered the chronic progressive phase.
The relapse frequency was similar, however,
in both groups despite this randomisation bias.

MRI
Forty five patients underwent MRI before
and immediately after treatment with methyl-
prednisolone, and on completion of the trial.
Three had primary progressive, 23 secondary
progressive, and 19 relapsing/remitting
disease. Comparisons were made between the
number of new or enlarged lesions and those
that decreased in size or disappeared between
the second and third scan (table 4). The
median number of lesions did not differ
between all treated patients compared with
controls, or in the subgroups with relapsing/
remitting and chronic progressive disease.
Two patients treated with isoprinosine
acquired 24 and 26 new lesions during the
trial, respectively; the largest number
acquired by any patient receiving placebo was
14. One patient receiving active treatment
had 15 lesions that decreased in size or disap-
peared; the largest number of improving
lesions in any patient randomised to placebo
treatment was eight. Eleven patients treated
with isoprinosine showed both an increase
and decrease in MRI lesions during the trial
compared with 10 patients randomised to
placebo treatment. The two patients who
accumulated most new or enlarged lesions
each improved clinically by half a step on the
Kurtzke EDSS. One remained normal on the
ambulation index and the other improved by
one step; each had one clinical relapse during
the two year period of observation. The
actively treated patient in whom 15 MRI
lesions decreased or disappeared, deteriorated
by 2-5 steps on the Kurtzke EDSS but ambu-
lation improved by one point and she had a
single relapse. The patient treated with
placebo who had eight improving lesions
remained clinically unchanged on completion
of the study, even though two relapses
occurred during the trial.

ADVERSE EFFECTS
Thirteen patients in the group receiving iso-
prinosine reported adverse effects compared
with eight placebo-treated cases. Overall,
there was no difference in the frequency or
type of complication reported by each group;
in no case was treatment withdrawn and the
adverse effects usually settled spontaneously
suggesting that they were not causally related
to treatment. Adverse effects included skin
rash (five: all active cases), diarrhoea (one in
each group), anorexia (two in each group),
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alopecia (one active case), mouth ulcers (one
active case), anaemia (one active case), nau-
sea (one active case), abdominal pain (five
placebo cases), and multiple unclassifiable
complaints (one active case).

Discussion
Isoprinosine given under double-blind and
placebo-controlled conditions after pulsed
treatment with methylprednisolone did not
influence clinical disability or the rate of
accumulation of lesions found by brain MRI
in patients with multiple sclerosis.

Isoprinosine is a physicochemical complex
of inosine with the para-acetamidobenzoic
acid salt of N,N-dimethylamino-2-propanolol
that enhances B lymphocyte activity, perhaps
through an effect on T helper cells. It also
increases macrophage phagocytosis, release of
cytokines which induce macrophage prolifera-
tion including immune interferon and inter-
leukins 1 and 2, and augments the action of
T cell mitogens.45 1314 Modest success has
been reported in diseases in which immune
reactions are thought to complicate viral
infection. There is a very low frequency of
adverse effects attributable to treatment with
isoprinosine. Neurological diseases that have
been studied include subacute sclerosing
panencephalitis,'5-18 progressive rubella
encephalitis'9 and other encephalitides,20
amyotrophic lateral sclerosis,21 multiple
sclerosis,6-9 and experimental allergic
encephalomyelitis.22 Isoprinosine has been
used in organ specific inflammatory diseases
such as rheumatoid arthritis,2324 and in
AIDS.25 26

Pompidou et al 7 compared the clinical and
immunological effects of isoprinosine, chlo-
rambucil, and a placebo preparation in a
small cohort of patients with multiple sclero-
sis over 2 years. A higher dose of isoprinosine
was used than in the present study and this
makes it difficult to compare the results
directly. Relapses occurred in each patient
treated with chlorambucil or placebo prepara-
tions but in only a few patients receiving iso-
prinosine. These relapses did not differ in
severity between the three groups but the
authors reported a reduction in handicap
associated with the use of isoprinosine.
Immunological studies showed increased sup-
pressor cell number and function in cases
treated with isoprinosine, whereas cells with
the T helper phenotype and delayed type
hypersensitivity were reduced in patients
receiving chlorambucil.

Multiple sclerosis has attracted many dif-
ferent approaches to treatment. In most stud-
ies, the effect of therapy has been so small as
to require more participants than could easily
be recruited by an individual investigator.
This has led to the development of multi-
centre trials and meta-analyses,27-3" each of
which combines strength in numbers with
potential variations in methodology, selection
of cases, and the application of research pro-
tocols. Perhaps the greatest barrier to
progress has been extravagant reporting of

results leading to a decline in the acceptability
of placebo-controlled trials and the need for
increasingly complex designs to control for
simultaneous use of several treatments.
Failure to identify a treatment that is
genuinely useful may also occur through
inadequate trial design. To some extent these
issues are being resolved by the use of surro-
gate outcome measures, including quantita-
tive MRI.29

Although only planned as a preliminary
study, this trial of isoprinosine in the treat-
ment of multiple sclerosis committed a num-
ber of these design faults. Fewer than 30
patients were included in each group, two
therapies were used sequentially, and the
active and placebo groups were not matched
at entry. This produced differences in base-
line scores that contaminated a number of
comparisons made at follow up. As stabilisa-
tion or a reduction in clinical disease activity
is more likely to be observed in mildly
affected than severe cases, however, this ran-
domisation error will, if anything, have
tended to overestimate the efficacy of isopri-
nosine. As no overall effect was found with
four outcome measures, we conclude that
isoprinosine is not an effective treatment for
multiple sclerosis.

Current ideas on the immunopathogenesis
of multiple sclerosis, and the lack of progress
in showing persistent viral infection as central
to this disease process, provide little support
for the continued use of treatments that
stimulate B or T cell mediated immune
responses.33 Priority should be given to
theoretically more promising approaches34 35
in using the increasingly limited clinical and
research resources that remain available for
trials in multiple sclerosis.'6
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