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The elective treatment of patients with multiple sclerosis, using a humanized anti-leukocyte (CD52) monoclonal antibody (Campath-1H), has illuminated mechanisms that underlie the clinical course of the disease. Twenty-seven patients
were studied clinically and by magnetic resonance imaging (MRI) before and for 18 months after a single pulse of
Campath-1H. The first dose of monoclonal antibody was associated with a transient rehearsal of previous symptoms
caused by the release of mediators that impede conduction at previously demyelinated sites; this effect remained despite
selective blockade of tumor necrosis factor-a. Disease activity persisted for several weeks after treatment but thereafter
radiological markers of cerebral inflammation were suppressed for at least 18 months during which there were no new
symptoms or signs. However, about half the patients experienced progressive disability and increasing brain atrophy,
attributable on the basis of MRI spectroscopy to axonal degeneration, which correlated with the extent of cerebral
inflammation in the pretreatment phase. These data support the formulation that inflammation and demyelination are
responsible for relapses of multiple sclerosis; that inflammatory mediators, but not tumor necrosis factor-a, cause symptomatic reactivation of previously demyelinated lesions; and that axonal degeneration, conditioned by prior inflammation
but proceeding despite its suppression, contributes to the progressive phase of disability. These results provide evidence
supporting the emerging view that treatment in multiple sclerosis must be given early in the course, before the consequences of inflammation are irretrievably established.
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The clinical course of multiple sclerosis is characterized
by relapses with recovery, persistent neurological deficits, and progression. Not all these manifestations of
the disease are attributable to demyelination and remyelination. Recovery from relapse is too rapid to be explained easily by remyelination, and it is difficult to
explain the transition from relapsing–remitting disease
to continuous progression of disability by demyelination alone. Here, we have exploited the opportunities
of treating patients to study mechanisms underlying
the clinical phenotype of multiple sclerosis. Previously,
we treated 7 patients by using Campath-1H (Therapeutic Antibody Centre, Oxford, UK), a humanized
monoclonal antibody that targets the CD52 antigen.
Our rationale was the demonstration of long-term allograft acceptance in animals after pulsed therapy with

monoclonal antibodies targeting T cells.1,2 We demonstrated a reduction in MRI markers of cerebral inflammation for at least 6 months,3 thereby establishing
proof of principle that sustained lymphocyte depletion
is associated with suppression of new lesion formation
in multiple sclerosis. However, our study suggested
three issues of practical and theoretical importance for
the treatment and understanding of multiple sclerosis.
First, during the initial dose of Campath-1H, patients experienced a systemic response accompanied by
a transient and often severe, but invariably reversible,
reactivation of previous neurological relapses that lasted
for a few hours. We speculated that understanding the
underlying mechanism of this effect might lead to insights into transient symptom production in multiple
sclerosis in general. We established that Campath-1H
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induced a coincident rise in serum tumor necrosis
factor-a (TNF-a) and interferon-g (IFN-g).4 Several
lines of evidence implicate TNF-a as the mediator of
the first dose effect in other settings; ie, the systemic
effect of OKT3, an anti-CD3 monoclonal antibody,
can be blocked by CB006, an anti-human TNF-a antibody,5 and the hypothermia induced by anti-CD3
monoclonal antibody treatment of BALB/c mice is
abolished by anti-TNF-a but not anti-IFN-g antibodies.6 Accordingly, we investigated the contribution of
TNF-a to the first dose effect of Campath-1H by in
vivo TNF-a neutralization. Second, we tested the hypothesis, based on experimental work that the duration
of effect of Campath-1H might be prolonged by the
addition of a nondepleting anti-CD4 antibody. Third,
we asked whether pulsed therapy would have an effect
on clinical progression as well as on surrogate markers
of cerebral inflammation.
This further study, using Campath-1H with a humanized monoclonal anti-CD4 antibody, soluble
TNF-a receptor, and corticosteroids in randomized
groups, extends our preliminary observations in an additional 28 patients with multiple sclerosis. All participants had secondary progressive multiple sclerosis and
were selected by using clinical and radiological criteria
to ensure that there would be active cerebral inflammation immediately before treatment was electively administered. We assessed clinical indices of activity and
progression, and radiological markers of inflammation
and tissue destruction for 3 months before and 18
months after lymphocyte depletion. Further information from quantitative MRI of these patients is reported in a complementary paper.6a
Patients and Methods
Patients and Treatment
Patients were initially selected for treatment if they had clinically definite secondary progressive multiple sclerosis, historical evidence for a sustained deterioration in disability of at
least one point in the Kurtzke expanded disability status scale
(EDSS)7 over the preceding year, and at least one new enhancing lesion on a series of four monthly gadoliniumenhanced magnetic resonance scans. Of 130 patients
screened, 50 fulfilled these clinical criteria, of whom 37 entered screening and 29 met the MRI entry criterion. Of
these 29 patients, 1 was treated but later lost to follow-up
and has therefore been excluded from the analysis. The remaining 28 patients were reviewed every 3 months and assessed by the same investigator on each occasion (A.J.C.);
their mean age was 38.4 years, mean disease duration 12.5,
and mean EDSS at entry was 5.4. The trial protocol was
approved by the Local Research Ethics Committee (LREC
92/49). Radiological markers of tissue destruction were available in 27 patients.
All 29 patients received Campath-1H; 14 patients were
randomized also subsequently to receive a humanized antiCD4 antibody (Therapeutic Antibody Centre, Oxford, UK).

These two treatment groups were further divided into three
arms, based on pretreatment of the first dose of Campath1H; one cohort received nothing, the second was pretreated
with methylprednisolone, and the third was given a soluble
TNF-a receptor (a fusion protein of the two p55 TNF-a
receptor domains and a human IgG1 constant region; Therapeutic Antibody Centre) before the initial dose of Campath1H. There were therefore six different treatment schedules to
which patients were randomized, with 5 patients in each
group (except the cohort receiving soluble TNF-a receptor
and anti-CD4, in which there was only 4). Each patient was
given a total of 100 mg Campath-1H over 5 consecutive
days, as a daily 20 mg infusion lasting 4 hours. A total of
200 mg of anti-CD4 antibody was given over the subsequent
5 days in 14 patients. Pretreatment in each group was either
with methylprednisolone (500 mg), or soluble TNF-a receptor (4 mg), or nothing, given 30 minutes before the first
dose of Campath-1H.

TNF-a Assays
Two enzyme-linked immunosorbent assays (ELISAs) were
used to discriminate between free and bound TNF-a (data
not shown). A commercial ELISA (R&D, Abingdon, UK)
detected both free and bound TNF-a, whereas free TNF-a
only was detected as follows: MicroELISA plates (96-well)
(Dynatech M129B) were coated with anti-human TNF-a
antibody (prepared from the 2-179-E11 hybridomas, 1 mg/
ml, in carbonate–bicarbonate buffer, pH 9.6), and the
TNF-a captured from sera samples was developed with polyclonal goat anti-TNF-a (R&D; 1:500), then anti-goat IgG
antibody conjugated with alkaline phosphatase (Sigma, St
Louis, MO; 2 mg/ml) and p-nitrophenol phosphate (Sigma;
1 mg/ml in diethanolamine buffer, pH 9.8), and the optical
density read at 405 nm in an automated reader (Bio-Rad
3550). Standard curves were constructed by using logit-log
transformations and levels of sensitivity determined as the
lowest cytokine concentration at which the 95% confidence
levels lay above the background optical density, which was
30 to 60 pg/ml. Bioactive TNF-a was measured by the cytotoxic effect of serum (at 1:20) on the L929 cell line.8,9
There was a considerable serum effect that disallowed absolute estimations of bioactive TNF-a concentrations; the results are shown as the cpm of incorporated 3H for sera taken
at different times after Campath-1H, expressed as a percentage of the cpm induced by the pretreatment serum sample.
Thus, a fall in the percentage represents an increase in bioactive TNF-a.

Magnetic Resonance Imaging
Scans were performed on a 1.5-T system (Signa; GE Medical
Systems, Milwaukee, WI) according to a standard protocol.3
Patients had four scans monthly before treatment, then a further six scans monthly immediately after treatment. No imaging was performed between months 6 and 12 after Campath-1H; then patients had seven scans from months 12 to
18. The number of gadolinium-DTPA–enhancing lesions
demonstrated on the first scan was recorded and the definition of disease activity confined to new enhancing lesions
appearing on subsequent investigations; persistent enhancement in areas that had been active on the previous scan was
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not counted as a new lesion. For statistical analysis, the study
period was divided into five blocks of three informative scans
(pretreatment and months 1–3, 4 – 6, 13–15, and 16 –18 after treatment) and the total number of new enhancing lesions in these blocks was calculated for each patient. To
compare activity in patients before and after treatment, we
performed a two-tailed signed rank sum test on the logarithm of the ratio between the treatment and baseline blocks.
Brain volume was also derived from MRI scans. Having
ensured acceptable repositioning between images, four contiguous slices from each scan were compared by an established technique10 and an estimate of the brain volume derived. Changes in cerebral volume between scans were
accepted as significant if they fell outside the 95% confidence limits for measurement variation. Wilcoxon matchedpairs signed ranks were used for comparing volumes between
groups and the Friedman test was used to compare cerebral
volumes at different time points.
MRI spectroscopy was performed in patients and controls
from a volume of normal appearing periventricular parietal
white matter, ranging in size from 3.5 to 8 ml. This was
compared with a voxel in the same region in an identical
number of age-matched controls. Water-suppressed 1H spectra were obtained by using a 90°–180°–180° sequence for
volume selection and spectroscopic acquisition parameters of
echo time (TE) 30 msec, repetition time (TR) 3,000 msec,
with 192 averages collected in 10 minutes, using an eightstep phase cycle. Spectra were analyzed by using the LC
Model method, which analyses the in vivo spectrum as a
linear combination of a basis set of complete model spectra
of metabolite solutions in the frequency domain in vitro and
allows distinction between the N-acetyl aspartate (NAA) and
N-acetylaspartyl glutamate components to the N-acetyl–derived spectra. Spearman’s rank correlation test was used to
test the data.

Results
Is the Acute Phase Effect of Campath-1H Caused by
the Release of TNF-a?
We randomized patients to receive an infusion of either methylprednisolone (500 mg), soluble TNF-a receptor (4 mg), or no additional therapy before the first
dose of Campath-1H, to determine the contribution of
TNF-a to the transient neurological deterioration seen
with the first dose of Campath-1H. Corticosteroids
and soluble TNF-a receptor each abolished the rise in
serum TNF-a induced by Campath-1H measured in
an ELISA for free TNF-a (Fig 1a); previous in vitro
work had demonstrated that TNF-a recognized in this
ELISA is bioactive in the L929 TNF-a assay (data not
shown). However, an ELISA that also detected TNF-a
bound to its receptor demonstrated the prolonged persistence of TNF-a receptor complexes in the circulation after soluble TNF-a receptor pretreatment (see
Fig 1b); such complexes in vitro are not bioactive in
the L929 assay (data not shown). That sufficient soluble TNF-a receptor was delivered is shown by experiments in which sera from patients after soluble TNF-a
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receptor and Campath-1H therapy were shown to inactivate TNF-a in vitro (see Fig 1c).
The first dose of Campath-1H induced a syndrome
of urticaria, pyrexia, and rigors. The neurological exacerbations experienced by patients lasted a few hours,
were fully reversible, and consisted either of an exacerbation of existing deficits or the reawakening of previously experienced symptoms that may have been quiescent for several years. Corticosteroid pretreatment
abolished the systemic response, the neurological deterioration, and the rise in serum cytokines induced by
Campath-1H. However, although soluble TNF-a receptor effectively neutralized the rise in serum TNF-a,
it had no impact on the extent or kinetics of the first
dose effect after Campath-1H (Fig 2a and b). The neurological exacerbations induced by Campath-1H were
not caused by de novo inflammation, as there was no
change in gadolinium enhancement on MRI scans before and during the first dose of Campath-1H in 2
patients pretreated with soluble TNF-a receptor (data
not shown).
Mechanisms underlying the expression of novel
symptomatology in multiple sclerosis appear to differ
from those that lead to rehearsal of previously experienced symptoms. Defining relapse as the appearance of
any symptom or sign, including the exacerbation of
preexisting manifestations, for 24 hours or more,11
yielded a total of nine episodes in the treated group
over the 3 months after treatment and 15 in the subsequent 18 months. This represents a significant reduction in the annualized relapse rate from 1.24 to 0.34
relapses per patient per year. However, all events experienced by treated patients beyond the first 2 months
after Campath-1H consisted of a transient worsening
of preexisting symptoms or signs, lasting no more that
3 days; no treated patient experienced a new clinical
manifestations of multiple sclerosis during the period
of follow-up (Fig 3a).
Does the Combined Use of Campath-1H and AntiCD4 Modify the Effects of Lymphocyte Depletion?
The most sensitive marker of cerebral inflammation in
multiple sclerosis is the number of gadoliniumenhancing lesions on MRI scans. Patients had monthly
scans for 3 months before and 6 months after
Campath-1H, followed by a further series of monthly
scans at months 12 through 18 after treatment to assess
the duration of effect. Compared with the 3-month period before Campath-1H, the number of enhancing
magnetic resonance lesions was suppressed throughout
the 18-month follow-up period—by 72% in the first 3
months after treatment, by 90% between months 3
and 6, by 66% over months 12 to 15, and by 71% in
the final 3 months (see Fig 3b; p , 0.001). This trend
was observed in every patient, but the absolute mean
value of new enhancing lesions per scan is weighted by

Fig 2. The effect of pretreatment with intravenous methylprednisolone (IVMP) or soluble tumor necrosis factor-a (TNF-a)
receptor (sTNFR) on the clinical first dose effect of Campath1H. (a) The maximum pyrexia induced by Campath-1H.
(b) The neurological deterioration associated with the first dose
of Campath-1H.

Fig 1. The effect of pretreatment with intravenous methylprednisolone (IVMP) or soluble tumor necrosis factor-a (TNF-a)
receptor (sTNFR) on the rise in serum TNF-a induced by
Campath-1H. (a) Free serum TNF-a. (b) Free and bound
TNF-a both measured by enzyme-linked immunosorbent assay.
(c) The dose–response curve of addition of recombinant human (rh) TNF-a in vitro to serum samples taken from patients before and after infusion of soluble TNF-a receptor and
Campath-1H. Arrows indicate optical density readings above
the maximum standard. **P , 0.01, ***P , 0.001. Nil 5
no pretreatment.

1 patient with 10 times more active disease before and
after treatment. There was no significant difference in
the number of enhancing lesions between patients in
the different treatment groups either before or after
treatment (data not shown) and the addition of antiCD4 (together with the acute-phase manipulations
listed above) conferred no advantage or deleterious effect on the suppression of new lesions.
Does Suppression of Inflammation Influence
Disease Progression?
Defining progression of disability as an increase in the
(Kurtzke) EDSS of 1 point over 3 months (or 0.5
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Fig 3. Disease activity in 28 with multiple sclerosis after Campath-1H treatment, shown as new clinical relapses (see text for definition) (a) and the number of new gadolinium-enhancing magnetic resonance imaging lesions in each patient (b). The length of the
columns indicates the duration of observation for each individual. ***p , 0.001.

points when the EDSS is .5.5), 15 of 28 patients deteriorated in the 18 months after treatment (Fig 4a).
Therefore, some patients continued to acquire disability, not by the accumulation of new lesions, but by
progression of existing deficits. The group of patients
with progressive disability had a higher MRI inflammatory load before treatment with Campath-1H ( p ,
0.001) compared with those with stable disability. Although there was a small, but significant, difference in
inflammatory load for the subsequent 18 months between patients with stable or progressive disability, the
reduction in inflammation by Campath-1H was equivalent between the two groups of patients (see Fig 4b).
This suggests that a mechanism other than active inflammation must explain progressive disability.
Fourteen of 25 patients during the study had evidence for increasing cerebral atrophy on MRI scan,
above the 95% confidence intervals for measurement
variation (data on 3 patients are not available). Ten of
these patients had progressive disability, which was
seen in only 3 of the patients with stable cerebral volumes ( p 5 0.028, x2 5 15.2). The 13 patients with
progressive disability had a smaller mean brain volume
before treatment (Fig 5a; p 5 0.05) and a significantly
higher rate of volume loss compared with those with
stable disability (26.7 ml/yr compared with 20.7 ml/
yr; p 5 0.009). Cerebral atrophy in multiple sclerosis is
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likely to be the result of several processes, including
axonal loss, demyelination, and gliosis. Because a fall in
NAA may be used as a marker of axonal loss (see Discussion), we explored the pathological basis for the increasing cerebral atrophy in this cohort by MRI spectroscopy for NAA in 6 patients selected as having
progressive disability and cerebral atrophy compared
with 6 with stable disability and cerebral volume.
There was a significant correlation between NAA and
cerebral volume at 18 months (r 5 0.73, p , 0.01; see
Fig 5b), suggesting that axonal loss was an important
cause of cerebral atrophy in this cohort. No clinical parameter before treatment discriminated patients who
subsequently developed progressive cerebral atrophy; neither did treatment of the first dose effect, nor the addition of monoclonal anti-CD4 antibody, influence clinical progression or cerebral atrophy after Campath-1H.
Discussion
Our study illustrates the difficulty that arises in explaining the clinical manifestations and course of multiple sclerosis solely on the basis of demyelination and
remyelination. Pathological, radiological, and electrophysiological studies suggest that the earliest events in
the pathogenesis are inflammation and demyelination.
It has previously been assumed that symptoms arise
from conduction block caused by demyelination alone.

Fig 4. (a) The probability of remaining free from clinical progression after Campath-1H. (b) the volume of magnetic resonance imaging gadolinium-enhancing lesions in patients who
remained clinically stable (open columns) and those who had
significant progression (filled columns) after treatment.
***p , 0.001, **p , 0.01.

Fig 5. (a) The cerebral volume of patients who remained clinically stable (dotted line) and those who had significant progression (solid line) after Campath-1H. (b) The relationship
between cerebral volume and N-acetyl aspartate in a subgroup
of 12 patients from the whole cohort.

However, evidence exists for a direct role of inflammation in symptom production; visual evoked potentials
in acute optic neuritis are both reduced in amplitude
and increased in latency, indicating conduction block
and demyelination, and there is gadolinium enhancement on MRI scan, implying active inflammation; after enhancement ceases, the amplitude of visual
evoked potentials returns to normal, suggesting restoration of conduction, but the latency of the visual
evoked potential remains delayed, implying persistent
demyelination.12
We observed a transient rehearsal of previous or current symptoms during the first dose of Campath-1H.
We suggested, because of the rapidity of this effect and
its lack of residual deficit, that it is caused by conduction block at sites of previous demyelination; this claim
is supported by electrophysiological data presented in
our previous work.4 The effect is reminiscent of the
augmentation of symptoms dependent on impaired
conduction through demyelinated pathways with local
changes in temperature and calcium ion concentration.13,14 The mediator for this first dose effect is un-

identified; we have excluded free TNF-a although it
remains possible that membrane bound TNF-a is inadequately neutralized by soluble TNF-a receptor. Experimental studies implicate nitric oxide15 as a potential cause. Whatever its identity, it seems reasonable to
suggest that it is induced by inflammation as well as by
lymphocyte depletion after Campath-1H. Thus, the
mechanism of acute relapse in multiple sclerosis may
include fully reversible physiological conduction block
caused by mediators of inflammation as well as demyelination. This explains why recovery from relapse may
occur more rapidly than can be explained by remyelination and why old symptoms are frequently rehearsed
in patients with multiple sclerosis.
A potential criticism of our study protocol is that
short-term manipulation of the first dose effect of
Campath-1H confounded the effect of monoclonal antibodies on multiple sclerosis disease activity. But it has
been demonstrated repeatedly that methylprednisolone
does not alter the long-term course of multiple sclerosis.16,17 There is less experience with TNF-a blockade
in multiple sclerosis, save for the report that it tran-
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siently worsened markers of disease activity in 2 patients,18 but the experience from rheumatoid arthritis
is that repeated courses of treatment are required to
alter the natural history.19,20 Thus, we felt confident in
disregarding variations in the initial treatment protocols in analyzing the long-term data. Furthermore, no
differences emerged between those patients treated
with or without the anti-CD4 antibody and so we report the results as a single cohort of individuals receiving Campath-1H, using a crossover design. The radiological data suggest that new gadolinium-enhancing
MRI lesion formation is profoundly reduced by a single 5-day pulse of Campath-1H, maximally at 3 to 6
months after treatment and remains significantly suppressed for at least 18 months, to similar levels as those
seen in patients treated continuously with IFN-b.21–23
Although this study did not include controls, comparison with a natural history study of the rate of new
lesion formation in untreated patients with secondary
progressive multiple sclerosis24 leaves little doubt that
the extent of suppression of new enhancing lesions after Campath-1H is a real treatment effect and not simply regression to mean.
Gadolinium enhancement in MRI of the brain has
been shown experimentally,25 in one human postmortem study,26 and in a recent pathological study,27 to be
associated with inflammation. We use this term to include the accumulation of cells, soluble mediators, and
water in active lesions and do not seek to distinguish
these elements in formulating ideas on the pathogenesis
of multiple sclerosis. Taken with the clinical evidence
that new neurological sites are not involved after treatment, this supports the current consensus that inflammation, and thereby demyelination, are the pathological mechanisms underlying neurological relapses in
multiple sclerosis. But despite the substantial reduction
of MRI disease activity and abolition of new clinical
relapses, half our patients continued to experience a deterioration in disability after Campath-1H. Those who
deteriorated clinically after Campath-1H had a significantly greater pretreatment inflammatory load, measured by MRI; they had smaller cerebral volumes; and
clinical progression correlated significantly with additional cerebral atrophy. In a similar manner, progressive cerebral atrophy was noted in half of the treated
patients after monoclonal anti-CD4 antibody treatment of multiple sclerosis.10 However, unlike Campath-1H, this agent had no impact on gadoliniumenhancing lesions.28 This suggests that a dissociation
exists between the mechanisms underlying cerebral atrophy and gadolinium-enhancing lesions. Analysis of
NAA concentration in a subgroup of patients casts
light on the cause of the progressive cerebral atrophy
seen in some patients after Campath-1H. NAA is an
amino acid that has been shown, in experimental
studies on neonatal rats, to be contained almost ex-
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clusively in neurons.29,30 Although NAA is present in
oligodendrocyte progenitor cells, 31 these are only
present in very small numbers in healthy adult human
brain and are thus unlikely to contribute significantly
to the concentration of NAA. A postmortem study in
patients with multiple sclerosis has confirmed an absolute reduction of NAA from chronic multiple sclerosis lesions32 and there is now extensive literature
confirming a reduction of NAA in several neurological diseases characterized by neuronal loss.33–35 Thus,
a fall in NAA concentration is associated with axonal
degeneration. Our study provides additional clinical
insight into the relationship between axonal degeneration and inflammation in multiple sclerosis; axonal
degeneration is conditioned by a high inflammatory
load but proceeds even when inflammation has subsequently been suppressed. In the absence of serial
gadolinium-enhanced images of the entire neuraxis,
we cannot exclude the possibility that progression in
this cohort was associated with active spinal cord inflammation. But we discount this interpretation,
given the magnitude (.90%) suppression of cerebral
magnetic resonance activity and the good correlation
that exists between the dynamics of brain and cord
inflammation.36
Several potential mechanisms can be offered for the
progression of axonal degeneration in the absence of
active inflammation. It may be a delayed expression of
axonal damage sustained during the acute inflammatory phase.37,38 In contrast, it may be a consequence of
immune deviation toward the Th2 phenotype induced
by Campath-1H as evidenced by down-regulation of
the expression of IFN-g by peripheral blood monuclear
cells for at least 12 months, a progressive increase in
B-cell numbers, and autoimmune hyperthyroidism in
one-third of patients treated for multiple sclerosis
(Coles and associates, unpublished data). As part of
this apparent promotion of antibody-mediated autoimmunity, anti-neuronal antibodies may have developed but we found none (data not shown). Last,
axonal degeneration may be a consequence of demyelination, either through loss of trophic support from
the oligodendrocyte39 – 41 or secondary to altered electrical conduction.42
We conclude that three processes underlie the clinical course of multiple sclerosis. The pivotal event is
inflammation from which follow, in sequence, demyelination and axon degeneration. Inflammation promotes demyelination, which is responsible for many
clinical features of each new relapse, but other components of the acute deficit result from fully reversible
conduction block induced directly by inflammatory
mediators. It is well known that any transient increase
in the synthesis of inflammatory mediators coinciding
with infections may cause a rapid and transient rehearsal of previously experienced symptoms or signs in

patients with multiple sclerosis, as a result of oscillations in conduction through pathways with a reduced
safety factor for propagation of the nerve impulse. Persistent demyelination is associated with clinical progression and brain atrophy caused by axon degeneration;
this occurs in the absence of active inflammation but
is conditioned by the amount of prior disease activity.
The implication of this analysis, derived from clinical
and radiological observations of our patients treated
by using Campath-1H but supported by observations
gathered from a range of pathological and experimental studies, is that antiinflammatory therapies will best
prevent the progression of disability if given early in
the course of multiple sclerosis and before the cascade
of events that leads to axon degeneration has been
irretrievably established.
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