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Immunotherapy for multiple sclerosis

Multiple sclerosis ought to be one of the more easily
curable neurological diseases. The damage is targeted on
myelin rather than axons. It affects the young rather than
the old. It causes inflammation rather than degeneration.
It involves environmental, and not just genetic, aetiological factors. Recent advances in trial methodology, the
availability of MRI scans as a surrogate marker, and the
appearance of novel immunomodulatory agents bring
worthwhile treatment a step nearer. The time is ripe to
review how far recent trials should influence neurological
practice.
Relapse
Since the demonstration that a 10-day course of intramuscular corticotrophin would hasten the recovery from
a relapse of multiple sclerosis,' several other trials have
shown that either corticotrophin or intravenous methylprednisolone are superior to placebo. The beneficial
action of corticotrophin may be more complex than the
mere stimulation of cortisol production but the response
of the adrenal cortex is variable and oral or intravenous
steroids are widely used to treat relapses. We lack convincing evidence whether one form of steroid is better
than another.2
We also lack evidence that treatment of individual
relapses with steroids alters the eventual outcome of
either that relapse or the subsequent course of the
disease. Small trials, which lack statistical power, have
suggested that short courses of intravenous methylprednisolone (such as 1000 mg daily for three days or
500 mg daily for five days) are equal to, or more effective
than, corticotrophin.326 It is arguable whether 10 days of
intramuscular injections of corticotrophin, which can be
given easily at home or in the surgery by a nurse, are
more or less inconvenient and expensive than three or
five days of intravenous infusions which require admission to, or at least attendance at, hospital. Accordingly
the report that high-dose methylprednisolone is tolerable
by the oral route and may be no less effective is
welcome.7 It is curious that no controlled trials have
tested conventional oral steroid regimens, starting with
prednisolone 60 to 80 mg daily for a week followed by a
gradual taper, which are standard for general medical
autoimmune diseases. A multicentre, randomised trial
comparing intravenous methylprednisolone 1000 mg
daily for three days with oral methylprednisolone 48 mg
daily for seven days followed by a tapering dose for 14
days is in progress in the United Kingdom.
In an important, recent, multicentre trial in optic
neuritis, 457 patients received either intravenous methylprednisolone 250 mg six hourly for three days and then
oral prednisone 1 mg/kg daily for 11 days, or oral
prednisone 1 mg/kg daily for 14 days, or oral placebo for
14 days. Both steroid groups also received prednisone 20

mg daily on day 15 and 10 mg daily on days 16-18.
Recovery of normal visual fields and contrast sensitivity,
the two major outcome criteria, was significantly faster in
the group that received intravenous methlprednisolone
and oral prednisone, but not in the group that received
oral prednisone alone, than in the placebo-treated
group.8 As a significant proportion of patients with optic
neuritis, especially women, go on to develop multiple
sclerosis after optic neuritis, this result emphasises the
need to test the efficacy of oral steroids in relapses of
multiple sclerosis.
An unexpected result from this optic neuritis trial was
that the patients treated with oral prednisone alone, but
not those treated with intravenous methylprednisolone
and then oral prednisone, had significantly more new
episodes of optic neuritis during the next two years than
those treated with placebo alone.8 This observation is
inexplicable within current understanding of the effects
of steroids. I do not consider that we need alter our
present practice but the incidence of relapses should be
monitored after future trials of steroid treatment in

multiple sclerosis.
There is room for more dose-ranging studies to
determine the best dose and route for steroid treatment
and to check the relapse rate after treatment. In the
meantime, the evidence suggests that some form of
steroid treatment will hasten recovery and is worth giving
to a patient with a clinically significant relapse.

Preventing relapse or slowing progression
There have been a large number of trials of long-term
treatment with conventional immunosuppressants to
prevent progression or relapse of multiple sclerosis. One
of the simplest and least toxic immunosuppressants is
azathioprine, which is metabolised to 6-mercaptopurine
and suppresses a wide range of T and B cell functions.
Although no individual trial, even the largest multicentre
trial of 354 patients,9 showed a statistically significant
and clinically convincing effect, a meta-analysis of all
published, blind, randomised trials did indicate that
progression was significantly slowed after three years,
albeit by only 0-2 Kurtzke expanded disability status
scale (EDSS) grades.'0
The same meta-analysis also found a significant reduction in the frequency of relapses after one, two and three
years of treatment. In the largest trial, only 70% of azathioprine-treated patients had relapsed after three years
compared with 80% of the placebo group.'0 The main
concern over the use of azathioprine has been the potential risk of cancer, but the incidence of neoplasms in
patients with multiple sclerosis treated with azathioprine
has not so far been shown to be significantly greater than
in patients treated with placebo." 12 These observations
do not exclude a small increase in risk of malignancy
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trials in multiple sclerosis, it has been used in association
with immunosuppressive drugs, especially cyclophosphamide. Although beneficial effects were reported in
two open trials,2122 no benefit was found in the thorough
Canadian Cooperative Trial in which oral cyclophosphamide and prednisone and plasma exchange were
compared with oral placebo and sham exchange.'6 If
efficacy of plasma exchange had been demonstrated, the
provision of long-term plasma exchange for multiple
sclerosis would have been a formidable undertaking.
An initial trial suggested that total lymphoid irradiation was more effective in slowing the accumulation of
disability than sham irradiation, solely in those patients
who developed lymphopenia.2' This result was not
confirmed in a more recent, albeit smaller, trial.24
Futhermore the occurrence of amenorrhoea, an increased
risk of infection,25 and possibly an increased mortality
after treatment26 make it unlikely that this treatment will
be widely adopted.
Other immunomodulatory regimens have not undergone such stringent investigation. Isoprinosine, a drug
that enhances B cell and macrophage functions, was
tested in a placebo-controlled trial in which 25 patients
received the active drug. After two years there were no
significant differences between the treated and control
patients in disability score, relapse rate, or accumulation
of new MRI lesions.27 This result does not encourage
further investigation of this drug in multiple sclerosis. In
a pilot study 10 patients received intravenous
immunoglobulin 0.4 g/kg daily for five days followed by
0 4 g/kg every two months. After a year the treated
patients showed less progression and had fewer relapses
than 10 untreated controls.28 The open trial design and
small numbers only permit the conclusion that this
expensive treatment is safe and might be worth submitting to a proper blind, controlled trial. The mechanism of
action of intravenous immunoglobulin remains obscure
and may be multifactorial.

Interferon 86
Against this background of limited success with relatively
toxic, standard, broad-spectrum immunosuppressive regimens we must consider the recent report that interferon
fi (IFNfi) may be effective in multiple sclerosis.29 There
are three types of IFN: IFNa produced especially by
lymphocytes and macrophages; IFNfl produced
principally by fibroblasts; and IFNy produced by
activated T lymphocytes. The last of these, IFNy, is a
glycoprotein completely different from the other two
IFNs. IFNy up-regulates the expression of major histocompatibility complex (MHC) class II molecules on the
surface of many types of cell and so enhances presentation of endogenous antigen to T cells, and contributes to
the pathogenesis of autoimmune disease. Attempted
"treatment" of patients with multiple sclerosis with IFNy
was followed by a dose-dependent increase in exacerbation rate.'0
IFNa is synthesised in response to viral infections and
consists of many different subtypes. Recombinant IFNa
inhibits the growth of some viruses, including influenza
and hepatitis C, and is used to treat some virus-induced
tumours.31 Neither natural nor recombinant IFNa had a
significant beneficial effect in multiple sclerosis in two
small, randomised trials.'2'4
IFNfl is a glycoprotein with a single molecular type
and an amino-acid sequence that is 40% homologous
with IFNa." IFNfl has not hitherto been approved for
the treatment of any human disease but small trials suggested that natural IFNfl given intrathecally might reduce
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associated with azathioprine treatment of multiple sclerosis but suggest that any increased risk is lower than with
more powerful immunosuppressive regimens such as are
used to prevent transplant rejection.'3
Azathioprine has been quite widely adopted as a treatment for multiple sclerosis in France and Germany, but
not in the United States or the United Kingdom. The
variation in use depends on differences in the perception
of neurologists and patients whether the small benefits
are worth the risks and inconvenience of treatment. My
personal bias is to use azathioprine in a very small
minority of patients with early, aggressive, relapsingremitting disease and not to use it in any other group. It
should only be used after careful discussion of the risks
with the patient, including the increased incidence of
lymphoma, and with careful long-term monitoring of the
blood picture and liver function.
The value of cyclophosphamide, a more powerful, but
also more toxic immunosuppressant, in the treatment of
multiple sclerosis has been the subject of conflicting
reports. Early studies suggesting a beneficial effect in
preventing relapses or slowing progression are difficult to
evaluate because of their open, non-randomised design.'4
In the only controlled study of a short course of highdose, intravenous cyclophosphamide given without
steroids, there was no difference in the change in EDSS
between 22 patients treated with cyclophosphamide and
19 control patients treated with fatty acids.'5 In the landmark Boston study, however, treatment stabilised the
EDSS for one year in 70% of 20 patients given a short
course of high-dose cyclophosphamide combined with
corticotrophin, but only in 10% of 20 patients treated
with corticotrophin alone, a significant difference.
Unfortunately no significant benefit was reported when
intravenous cyclophosphamide combined with oral
prednisone was compared with oral placebo in a larger
study employing a single-blind design.'6 Furthermore
progression of multiple sclerosis one year after initial
treatment was reported in 69% of 164 patients treated in
an open study.'7 According to the recently published
results of the Northeast Cooperative Multiple Sclerosis
Treatment Group, this progression can be slowed by
maintenance treatment with twice-monthly cyclophosphamide infusions for two years, especially in patients
under the age of 50.18 Toxicity, however, makes
cyclophosphamide an undesirable long-term treatment
for multiple sclerosis. In the Northeast Cooperative trial,
all patients developed complete scalp alopecia and 10%
had infections associated with neutropenia. After considering all this evidence, I personally do not recommend
cyclophosphamide in multiple sclerosis.
Two well-conducted, randomised, blind trials indicate
that cyclosporin, which particularly suppresses T cell
function, has a therapeutic effect in multiple sclerosis, but
again, unfortunately, with unacceptable side effects.'920
In the larger trial 273 patients treated with cyclosporin
for two years progressed more slowly (mean 0 39 EDSS
grades) than 274 placebo-treated patients (mean 0-65
EDSS grades), a difference that was significant
(p = 0.002). There was also a marginally significant
slowing of the time to become chairbound in the treated
group. What made this treatment unacceptable was a
significant increase in hypertension in the first month of
treatment with cyclosporin, and an increase of serum
creatinine to 1-4 times the baseline value during the first
year of treatment. These trials do support the hypothesis
that suppression of T cell function is beneficial in
multiple sclerosis and encourage the search for less toxic,
immunosuppressive regimens.
When plasma exchange has been tested in controlled
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28% in both the 1-6 MIU and the placebo group. IFNf,
like many new drugs, has the advantage of appearing at
this stage to be relatively free of side effects, apart from
the inconvenience of subcutaneous injections on alternate days which may cause local inflammation.
Our enthusiasm in welcoming the promising results of
this single study of IFN,6 should be tempered by the
thought that the significant result is as much a tribute to
the quality of the trial as the efficacy of the product. If
some of the other agents had been as carefully studied
they too might have been shown to have had similar
beneficial effects. Indeed significant reductions in the
frequency of relapses have already been noted with
azathioprine'0 and copolymer-1.39 The American recombinant IFN/3, betaseron, has been approved for use in the
USA in patients with relapsing-remitting disease but
supplies will inevitably be limited. Other IFNfl products
are already available, including glycosylated human
IFNfl, and each will require testing in its own right.
Inevitably only a limited number of patients will be able
to receive treatment at first. It would be prudent to introduce treatment in the context of further controlled trials
until the efficacy of IFNfl is established beyond doubt.
The future
The logical scientific approach would be to continue
investigating the abnormalities of the immune system in
multiple sclerosis until we can design drugs that will
specifically inhibit the abnormal components. Attempts
to do this so far are necessarily based on an incomplete
understanding of pathogenesis; for instance, repeated
injections of copolymer-1, a random polymer of basic
amino acids, suppress experimental allergic encephalomyelitis in guinea pigs. Although such injections
appeared to reduce the relapse frequency in
relapsing-remitting multiple sclerosis in a controlled trial,
they did not significantly affect disease progression either
in that trial39 or in a trial in chronic, progressive disease.40
A further trial of this agent is in progress in North
America. The theoretical basis for copolymer-1 treatment
depends on the hypothetical similarity between experimental allergic encephalomyelitis and human multiple
sclerosis. Several novel approaches to immunotherapy,
including oral tolerance to myelin,41 T cell vaccines,42 and
monoclonal antibodies to T cell subsets, activated T
cells, or cell adhesion molecules43 have been, or are, the
subject of pilot studies. The difficulty with this approach
is that pilot studies have such a low power of detecting a
significant treatment effect, unless the benefit is great,
that potentially helpful regimens may be abandoned

prematurely.
The alternative empirical approach is being greatly
assisted by the acceptance of randomised, double-blind
trial designs as the only way of proving that a treatment is
successful. Sample sizes have gradually increased to give
trials adequate power to avoid missing a modest beneficial effect. Most trials with "positive results" have shown
significant reductions in relapse rate and little or no alteration in the accumulation of disability. The inadequacies
of the Kurtzke EDSS as a measure of disability have been
appreciated,'0 - but improved scales have not yet been
validated and published. It is logical to expect that MRI
lesions bear some relationship to clinical disease severity,
and the expected correlation between MRI lesion score
on unenhanced scans and EDSS has been found in some
published series.
Intravenous, gadolinium-enhanced MRI provides an
even more powerful tool for detecting new multiple
sclerosis lesions.5>5 The potential of objective measure-
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the relapse frequency.'5 It was given intrathecally because
IFNs do not cross the normal blood-brain barrier. IFNJ)
might exert a beneficial effect by inhibiting induction of
MHC class II molecules by IFNy,"3 reducing cytokine
release by macrophages,'6 or enhancing suppressor cell
function.'7
A recent impressive double-blind, randomised study
suggested that subcutaneous injections of recombinant
IFNfl significantly reduce the frequency of relapses and
the accumulation of lesions on MRI scans. This conclusion deserves very careful examination. The preparation
used is non-glycosylated and has a serine residue instead
of cysteine at position 17 to improve stability, but retains
the activity of natural (glycosylated) IFNfl."
In a double-blind trial, 372 patients with
relapsing-remitting multiple sclerosis, mild disability
(mean Kurtzke EDSS about 2 9), and fairly short duration (mean 3 9-4 7 years) were randomised to receive
subcutaneous injections of either placebo, or IFNfl 1-6
million international units (MIU), or IFN/3 8 MIU on
alternate days. During the subsequent two years the
relapse rate was 1 27 per year in the placebo group, and
significantly less in the treatment groups, 1 17 per year in
the 1-6 MIU group (p = 0-01), and 0-84 per year in the
8 MIU group (p = 0.0001).29 This represents a reduction in relapse frequency by a third in the 8 MIU group.
MRI of the brain from 327 patients was undertaken at
baseline and after one, two and three years. The accumulation of lesions on the MRI scans differed significantly
between the groups at each interval. After three years the
mean group lesion area had increased by 17-1% compared with baseline in the placebo group, whereas it had
increased by only 1-1% in the 1-6 MIU group and had
actually decreased by 6-2% in the 8 MIU group. In addition, in 52 patients in Vancouver, Canada, who underwent serial scans every six weeks, new lesions were
significantly less in the treated groups (on average 3-2
[SD 0 9] per year in the placebo groups, 1 1 [SD 0 2] in
the 1-6 MIU group and 1-2 [SD 05] in the 8 MIU
group, p = 0.0085)38
Although better conducted and more thoroughly
studied than perhaps any other trial undertaken in
multiple sclerosis, the IFNfl study is not above criticism.
The primary analysis was not undertaken on a proper
intention-to-treat basis, as 65 patients discontinued treatment before two years and 122 patients before three
years, and data from patients who were withdrawn were
censored. Inexplicably data were available on relapse rate
for more patients after three years than after two years.
Finally the results depended heavily on the subjective
reporting of relapse occurrence by patients. Accordingly
it is of concern that inflammation occurred at injection
sites in 6% of patients given placebo and over 60% of the
patients treated with IFN,B. Since the blind has not yet
been broken, we do not know whether inflammation was
more frequent or severe in the 8 MIU group than the 1-6
MIU group. Greater awareness of inflammation in the 8
MIU group might have broken the blind and produced
biassed reporting of relapses.
The MRI scan results were objective but the measurement of MRI lesion load was inconsistent in the third
year compared with previous measurements.'8 Although
this discrepancy was frankly reported by the investigators
and did not alter the significant difference in favour of
the IFNJJ groups, it does not enhance confidence in the
measurements and therefore the conclusions. Unfortunately there was no significant reduction in the development of disability. There was a favourable trend,
however, as only 20% of the 8 MIU group had confirmed
worsening by one point on the EDSS compared with
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ments of MRI lesions as a surrogate for clinical changes

successfully exploited in the IFNfl trial.38 Such

a

powerful surrogate marker is a valuable advance,
providing a tool for screening potentially useful drugs.
We still need to show that a new drug, such as IFNfl,
slows the development of disability in order to persuade
patients, neurologists, and health care purchasers that it
is really worthwhile.

RAC HUGHES
Department of Neurology,
UMDS, Guy's Hospital,
London SE) 9RT, UK
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