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Abstract
The value of a short course of intensive
immunosuppression with cyclophos-
phamide in stabilising chronic pro-
gressive multiple sclerosis (MS) was
examined in a randomised single-
blinded, placebo-controlled clinical
trial. Forty two patients, from the Kaiser
Permanente Medical Care Program,
Northern California, were studied.
Twenty two patients received a short
course of cyclophosphamide in an out-
patient neurology clinic until their
leucocyte counts fell below 4000/mm3,
and 20 patients received folic acid. Level
of disability, impairment of functional
systems, and performance of social roles
were assessed before randomisation and
reassessed 12, 18, and 24 months after
therapy. In both the cyclophosphamide
and folic acid groups, the mean level of
disability increased from the baseline
examination to the 12 month follow up
examination (the primary endpoint) by
0 5 on Kurtzke's Expanded Disability
Status Scale, indicating similar disease
progression in the two groups. Although
immunosuppression therapy can be
safely administered to MS patients in an
outpatient clinic, evidence of substantial
benefits was not found.

Multiple sclerosis (MS) is a common cause of
neurological disability. The majority of
patients experience a relatively benign course
with exacerbations and remissions. In a
proportion of patients, however, the disease
may enter a chronic progressive phase and
proceed to severe disability.' We examined
whether immunosuppression can stabilise this
chronic progressive form of the disease.
The disease process of MS consists of the

breakdown of myelin in the central nervous
system accompanied by inflammation and
eventual scarring.2 A body of evidence
implicates a disordered immune system in the
pathogenesis of MS.34 As a result, a number
of immune-system-altering agents have been
used to treat the acute and chronic progressive
forms of the disease.5
No specific therapy has been shown to alter

the long-term prognosis for patients with the
disease.67 Following Aimard et al 8 and Girard

et al7 some work has suggested that
the immunosuppressant cyclophosphamide
(CTX) alone or in conjunction with adreno-
corticotropic hormone (ACTH) or prednisone
may favourably modify the progression of
MS.""' Treatment with CTX has potential
short- and long-term potential toxicities man-
dating more complete evaluation of efficacy
before routine use in chronic progressive
MS. 19-21
This study was designed to test the utility

of a short course of intensive immunosuppres-
sion with CTX compared with a placebo of
folic acid (FA) in stabilising chronic progres-
sive MS. We also tested whether such
immunosuppression could be safely adminis-
tered in outpatient neurology clinics. The
physicians evaluating disease were blind to
patients' treatment status.

Methods
The study was conducted at outpatient
neurology clinics of the Kaiser Permanente
Medical Care Program in Northern California.
This health maintenance organisation provides
medical care for about two million health plan
members at 14 medical centres. Patients were
referred to the study by 19 neurologists at 13 of
the centres. Seven neurologists and one
oncologist treated patients; seven neurologists
evaluated patients.

Patients who met the following criteria were
eligible for the study: 1) History, physical
examination, and laboratory findings consis-
tent with MS and meeting the Schumacher
criteria for the diagnosis of MS;22 2) Chronic
progressive disease for one or more years as
established by clinical records and patient and
physician assessments. Chronic progressive
disease was defined as an estimated drop in the
Kurtzke Expanded Disability Status Scale
(EDSS)2' and the Ambulation Index (AI)10 by
one step over the previous year and a gradual
pattern of disease progression with or without
superimposed acute exacerbations; 3) Gait
impairment but ability to walk retained; 4) Age
at entry into study between 18 and 60 years; 5)
Absence of debilitating chronic disease or
recent immunosuppressive therapy. Informed
consent was obtained from all participating
patients.
Cyclophosphamide (400 to 500 mg) was
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Table I Baseline characteristics of 22 patients treated with cyclophosphamide and 20
patients treated with folic acid

CTXgroup FA group

Mean (range) Mean (range)

Age, year 43 9 (31-58) 40Y8 (25-55)
Per cent women 54-6 40-0
Number years since onset of symptoms 9-2 (1-16) 11-5 (1-29)
Age of onset of illness, year 34-6 (22-52) 29 3 (19-42)
Expanded disability status scale (EDSS) 5-84 (3-8) 5-8 (2-7)
Ambulation index (Al) 4 3 (2-9) 4-3 (2-7)

CTX = cyclophosphamide.
FA = folic acid.

administered intravenously five days per week
until the leucocyte count fell below 4000/mm'.
The intent was to achieve a leucocyte count in

the range of 2500/mm'. On occasion CTX was
resumed to achieve that level of leucopenia.
Cyclophosphamide was administered by a
neurologist in association with a chemothera-
pist or by a chemotherapist alone. Fluids were
provided at the treatment centre and
encouraged during the following 24 hours.
Complete blood cell count, urine analysis, and
serum sodium results were monitored through-
out the treatment period. Folic acid (1 mg) was
administered intravenously five times weekly
for two weeks.

Assessment of disease progression
Patients were evaluated four times: a baseline
examination was conducted before randomisa-
tion and treatment, and follow up examinations
were conducted 12, 18, and 24 months later.
Each time, the evaluating physician did a
neurological examination and rated on several
scales the extent of the patient's disability.
These scales included the EDSS, the AI, and
Kurtzke's Functional Status Scale (FSS).2"
Also, at baseline and at 24 month follow up,
patients were administered the Incapacity
Status (IS) and the Environmental Status (ES)
inventories24 to further assess disability and
performance of social roles.
The primary outcome measure was change

in level of disability: the one year follow up
EDSS rating minus the baseline EDSS.
Changes in the EDSS from baseline to the 18
and 24 month examinations, similarly cal-
culated, were also examined to determine
whether any treatment benefits observed at one
year were sustained at 18 and 24 months.
Change in the AI from baseline to each follow
up session was also examined. To obtain
measures of change in the FSS, the IS, and the
ES from baseline to each follow up, we subtrac-
ted the baseline rating from the follow up rating
for each item in the inventory and calculated
the mean of these differences. For all measures,

Table 2 Cyclophosphamide dose, leucocyte count, and subsequent leucopenia (22
patients)

Mean (SD) Median Low High

Total CTX (mg) 4632 (2709) 4250 2500 14 800
Total CTX (mg/kg) 69 (36) 65 33 201
Pretreatment leucocyte count (/mm') 7855 (2276) 8000 4700 11 700
Pretreatment lymphocyte count (/mm3) 1677 (704) 1784 255 3424
Lowest leucocyte count (/mm3) 2045 (774) 2150 900 3400
Lowest lymphocyte count (/mm3) 414 (195) 438 80 805

positive change scores indicated more severe
impairment.

Disease progression among patients in the
two groups was also examined using
dichotomous indicators obtained from the
EDSS, the AI, each component of the FSS, the
IS, and the ES. We categorised patients as
"worse" if their follow up rating was at a level
of disability at least -0 units higher than their
baseline rating; otherwise they were categor-
ised as "stable."

Evaluating physicians were unaware of the
treatment status of the patients they evaluated.
Hair loss among CTX patients was brief and
did not bias evaluation; their hair had regrown
by the time the one year examination took
place. The senior author, blind to patient
treatment status, reviewed the ratings of the
nine evaluating physicians to ensure that they
consistently followed the criteria specified in
the protocol.

Statistical methods
The "benefit" ofCTX treatment at each follow
up examination was estimated by the amount
that the mean EDSS change in the CTX group
exceeded that in the FA group. The null
hypothesis-that EDSS change in the CTX
group does not exceed that in the FA group-
was evaluated using a two sided t test. Multiple
regression models were fitted to the data to
adjust comparisons of group means for
differences between the groups (despite ran-
domisation) in baseline EDSS, age, sex, and
duration of disease. The nonparametric
Wilcoxon test was also used to compare the
distribution of EDSS change scores in the
CTX group with that in the FA group. Also,
the logrank test was used to compare the two
groups with respect to time until "failure,"
defined as a worsening ofat least one step on the
EDSS, was sustained at the subsequent exam-
ination and not later reversed. Finally, the chi-
squared test was used to evaluate the difference
between the groups at each follow up examina-
tion in the proportion of patients whose EDSS
change was < 1 level (indicating that their
condition was stable).

Similar methods were used to assess other
indicators of treatment benefit, including
change in the AI, the FSS, the ES, and the IS.
The primary endpoint was the EDSS change

at one year. We report nominal p values
associated with a number of additional hypo-
thesis tests, recognising that even if CTX
treatment has no benefits, we might find a
few p values slightly below 0 05.

Randomisation and treatment
Forty three patients met the eligibility criteria
between April 1983 and March 1986 and
entered the study. Twenty two were ran-
domised to the CTX group and 21 to the FA
group. One in the FA group was subsequently
dropped from the study when it was deter-
mined that the patient had motor neuron
disease rather than MS. Another FA patient
insisted on immune suppression therapy
shortly after receiving FA and received a course
of CTX. A third FA patient received CTX as
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Table 3a Patients treated with cyclophosphamide (CTX): baseline characteristics, leucopenia, and EDSS at 12, 18,
and 24 months

Age at Lowest
Age at onset CTX lymphocyte EDSS EDSS

Patient baseline ofMS count
number Sex (year) (year) (mg) (mg/kg) (/mm3) Baseline 12 months 18 months 24 months

1 F 43 34 4000 51 510 6-0 3-5 3-5 4-0
4* F 49 39 3200 65 225 8-0 9-5 10 0 10 0
6 F 45 37 5000 86 240 6-0 5-5 3-5 40
8t M 41 33 14 800 201 273 6-5 8-0 9 0 ND
10 F 37 32 2800 54 496 4-5 45 4 5 5-5
12 F 40 32 3500 65 462 6-0 6-0 6-0 6-0
13 F 47 33 4000 52 420 6-5 6-5 6-5 6-5
16 M 46 44 7000 94 493 6-0 6-0 6-5 6-5
18$ M 58 52 5500 82 272 6-5 7-0 ND ND
20 M 50 46 5000 82 180 6 0 8 0 8 0 8 0
22 M 34 32 5000 65 456 6 0 7-0 7 0 7 0
23 M 31 30 8000 107 513 30 30 30 5-5
25 F 57 44 2500 44 350 6-0 60 60 6 5
26 M 38 22 7100 77 399 5-0 6-5 6-5 6 0
28 F 38 24 4500 65 805 6-5 8 0 8-0 8-0
31 F 45 35 2500 33 124 6 0 6-0 6-0 3-5
33 F 53 38 3000 38 323 60 7 0 7-0 7-5
35 M 39 30 5000 54 456 3-5 60 3-5 6-0
37 F 51 35 3000 42 782 6-0 6-5 6-5 7-5
39 M 41 26 3000 34 560 6-5 6-5 ND 6-5
40 F 39 32 3000 49 80 6-0 6-5 6-0 ND
42 M 43 32 5000 64 696 6 0 6-0 6-0 6 0

*Died ofMS 18 months after treatment.
tDied of lung cancer 20 months after treatment.
$Died of myocardial infarction 15 months after treatment.
ND = No data.

cancer chemotherapy just before the 24 month
follow up examination. Unless otherwise
noted, results reported below omit the patient
with motor neuron disease and include the two
"crossovers" in the FA group.
At the baseline examination, before ran-

domisation, the CTX patients were similar to
the FA patients in demographic characteristics
and extent of neurological impairment (table
1). Compared with the FA group, the CTX
group had a mean age 3-1 years higher,
included more women, averaged 2 3 years less
since the onset of MS symptoms, and were 5-3
years older at onset of illness. Such differences
are not surprising given the modest size of the
groups. The distributions ofbaseline ratings on
the EDSS and the AI are similar, suggesting
that the groups are well matched.
The distributions of CTX dose and sub-

sequent leucopenia among the 22 CTX patients

Table 3b Patients treated with folic acid (FA): baseline characteristics and EDSS at
12, 18, and 24 months

EDSS EDSS
Patient Age at Age at
number Sex baseline onset Baseline 12 months 18 months 24 months

2* F 36 19 2-0 2-0 2-5 3 0
3 M 45 23 6-0 70 8-0 6-5
5t F 25 21 5-5 7-5 8-0 8-0
7 F 42 38 6-5 95 9.5 9.5
9 F 42 33 6-5 6-5 6-5 6-5

11 F 29 24 50 7-5 70 7-5
14 M 50 22 6-5 6-0 6-5 6-5
15 M 55 37 6-5 6-0 5 0 6-0
17 M 42 32 6-0 6-0 6-0 6-5
19 M 31 27 3 0 2-0 2-0 3-0
21 M 46 42 6-5 6-5 6-5 6-5
24 M 46 41 7-0 7-5 8-0 8-5
27 F 41 34 6-5 8-0 8-5 8-5
29 F 49 20 5-0 5-0 5-0 6-0
30 F 28 18 6-5 7-5 7-5 ND
32 M 46 41 5-5 5-5 6-0 6-0
34 M 30 25 5-5 6-0 6-5 70
36 M 54 40 6-0 6-5 6-5 6-5
38 M 31 30 70 70 7-5 ND
41 M 48 19 6-5 6-5 70 ND

*Received low-dose CTX chemotherapy for cancer at 17 months.
tReceived CTX for MS at 3 months.
No = No data

are described in table 2. The mean dose ofCTX
was 69 mg/kg; the range was 33-201 mg/kg.
The mean pretreatment leucocyte and lym-
phocyte counts were 7855/mm3 and 1677/mm3,
respectively. During CTX treatment, the
leucocyte and lymphocyte counts declined sub-
stantially in all 22 patients; the mean of the
lowest leucocyte and lymphocyte counts were
2045/mm3 and 414/mm3, respectively. Eight-
een CTX patients had a leucocyte count below
2500/mm3. The other four CTX patients had
leucocyte counts of 2700/mm3, 2900/mm3,
3100/mm3, and 3400/mm3.

After treatment, toxicity was recognised in
all CTX-treated patients. All 22 temporarily
lost their hair. Nine had nausea with vomiting;
another seven had nausea without vomiting. In
no case was nausea or vomiting severe, and in
no case did it preclude continuation of therapy.
Gross or microscopic haematuria was not
encountered.

Results
Our primary measure of neurological impair-
ment, the EDSS, is presented for each patient
for each examination in tables 3a (CTX
patients) and 3b (FA patients). At one year
follow up, 14 (64%) of 22 CTX patients
appeared stable (that is, EDSS unchanged or

improved), compared with 14 (70%) of the 20
FA patients (fig). By 24 month follow up, nine
(47%) of 19 CTX patients appeared stable,
compared with nine (53%) of 17 FA patients.
The small differences between the two groups
could be a result of chance alone.

In each group, the mean EDSS change from
the baseline examination to the one year follow
up examination, the primary endpoint, was

approximately 0 5 (table 4). The upper bound
ofthe 95% confidence interval surrounding the
estimate of treatment benefit suggests we can
rule out a treatment benefit amounting to more
than 0-65 steps on the EDSS. Similar results
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are obtained when the AI or the FSS are used to
estimate treatment effects. During the first
year, the level of impairment worsened slightly
more in the CTX group than in the FA group:
by 0-05 units on the AI and by 0 21 units on the
FSS.

Unlike the first year, the second year EDSS
change scores suggest somewhat more stability
in the CTX group than in the FA group (table
4). However, the 95% confidence intervals at
18 and 24 months are wide; they suggest that
our results for the second year do not permit us
to rule out either a lack of treatment benefit or a
sizeable treatment benefit. The AI and FSS
also suggest more disease progression among
FA patients than among CTX patients at 18
and 24 months, also with wide confidence
intervals.
The group differences in mean EDSS

change could be attributable to chance alone:
associated p values were 0 94 at 12 months, 0-36
at 18 months, and 0 37 at 24 months. Evalua-
tion ofgroup differences in mean change on the
AI and FSS at 12, 18, and 24 months indicated
that group differences in these outcome
measures could also be attributable to chance
alone.
Change in EDSS from the baseline examina-

tion to the one year follow up examination was

only slightly related to sex, age, duration of
MS, and baseline EDSS level. Adjustment of
our estimate of treatment benefit for these
covariates using multiple regression did not
appreciably alter its size or statistical sig-
nificance: the adjusted difference in mean

EDSS change was 0-01. Similarly, adjustment
for these covariates did not appreciably alter
estimates of treatment benefits at 18 or 24
months.
Nonparametric tests also indicated that

group differences in EDSS change scores could
be attributable to chance alone. The p values
associated with Wilcoxon tests of group
differences in EDSS change scores at 12, 18,
and 24 months were -0 71, 0 38, and 0 70,

Table 4 Mean change in expanded disability status scale and ambulation indexfrom
baseline tofollow up at 12, 18, and 24 months by treatment group

CTX FA FA mean
Follow up minus CTX
interval Measure n mean n mean mean (95% CI)

0-12 months EDSS 22 0 50 20 0 53 0-03 (-0-60, 065)
Al 1-05 1-00 -0-05 (-0-98, 089)

0-18 months EDSS 20 0-38 20 0-73 0-35 (-0-40, 110)
Al 1-10 1-75 0-65 (-0 49,1-79)

0-24 months EDSS 19 0-58 17 0-97 0-39 (-0-45, 1-23)
Al 1 21 2-06 0-85 (-0 53, 222)

respectively. When treatment "failure" is
defined as a sustained one-step worsening on
the EDSS, there were seven failures in each
group, distributed similarly in time (p = 0-89,
logrank test).

Multiple regression was also used to examine
mean EDSS change at one year within the
CTX group, in relation to total mg of CTX
received, total mg of CTX per kg of body
weight, lowest leucocyte count during the
treatment period, and lowest lymphocyte
count. The overall R2 was 0-16 (p =034).
Disease progression during the year sub-
sequent to treatment was only slightly related
to these indicators of treatment intensity.
Dichotomous measures of first year changes

in level of neurological impairment specific to
several functional systems are presented in
table 5. There is no evidence of more stability
in the CTX group at one year for any of the
functions. At two years, there was more
stability in the CTX group, but all group
differences could be a result of chance alone.
Dichotomous measures of change from the

baseline to the two year follow up in each of the
components of the IS and the ES are presented
in table 6. The IS, like the FSS, suggests that
after two years the FA patients deteriorated
more than the CTX patients. The proportions
ofCTX patients who were stable or worse were
similar to those ofFA patients.

Discussion
Our results provide little support for the
hypothesis that a short course of intensive
immunosuppression with CTX favourably
modifies the course of chronic progressive MS.
Change in level of neurological impairment
from the baseline examination to one year
follow up in the CTX group was similar to that
in the control group. On average, the patients
in both groups deteriorated substantially.
At the 18 and 24 month follow up examina-

tions, the CTX group was somewhat more
stable than the control group. If there is (as we
have found) no benefit at one year, then the
differences between the groups that appear
during the second year may well be a result of
chance alone. The rather marked contrasts
between the groups on several ofthe IS items at
two year follow up, associated with nominal p
values below 005, are interesting and puzzling.

Table S Change in level of impairmentfrom baseline to
12 month follow up byfunctional system and treatment
group

CTXgroup (number) FA group (number)
Functional
system Stable Worse Stable Worse

From baseline examination to 1 year follow up
pyramidal 11 7 11 5
cerebellar 8 9 13 4
brain stem 10 9 13 4
sensory 12 7 14 2
bowel, bladder 15 4 11 3
vision 14 4 12 2
cerebral 13 6 13 3

From baseline examination to 2 year follow up
pyramidal 10 6 7 6
cerebellar 9 7 6 8
brain stem 11 6 10 4
sensory 11 6 6 7
bowel, bladder 12 5 9 3
vision 11 6 6 6
cerebral 13 4 8 5
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Table 6 Change in incapacity status and environmental
status by treatment group

CTXgroup FA group
(number) (number)

Category Stable Worse Stable Worse

Incapacity status
stair climbing 14 5 10 10
ambulation 11 8 9 11
transfers* 13 6 6 14
bowel 16 2 14 6
bladder 16 3 14 6
bathing* 12 7 4 16
dressing* 12 7 6 14
grooming* 15 4 9 1 1
feeding* 15 4 9 11
vision 15 3 11 7
speech 15 4 12 8
physical problems 16 3 14 6
societal role 14 5 12 8
fatigability 17 2 16 3
psychic function 14 5 14 5

Environmental status
work 14 3 15 5
financial 14 5 14 5
residence 10 9 10 10
personal assistance 14 5 12 8
transportation 14 5 12 8
health services use 17 2 15 5

*p < 010, using two-tailed, continuity-adjusted chi-squared
test.

They should be interpreted cautiously because
we tested a rather large number of interrelated
comparisons. Also, our study design included a
second year of follow up only to examine
whether treatment benefits shown at one year
could be sustained. We continued with the
second year because we could not rule out
substantial treatment benefits at one year until
most patients had completed most or all oftheir
second year of follow up.
On average the condition of the treatment

group did not deteriorate much during the
second year. Regardless of treatment, more
deterioration might be expected during the first
year than during the second year if: our
eligibility criteria require that each patient's
MS be acute and progressive at the outset ofthe
first year; with no such requirement at the
outset of the second year, we would not be
surprised to find more patients temporarily
stable. But we can think of no good reason to
expect a delay of one year before differences
between the groups attributable to the relative
benefits of brief immune suppression begin to
appear.
With only 20 or 22 patients in each group,

data from several patients may have consider-

able leverage upon our results. Our decisions
about how to handle data from the motor
neuron disease patient, the two "crossover" FA
patients who received CTX, and the patients
for whom we lack second year follow up are
debatable.
We again made the comparisons shown in

the figure and in tables 4-6, following three
alternatives: 1) including the FA patient with
motor neuron disease; 2) omitting the two
"crossovers," after the time at which they
received CTX; and 3) assigning the last
observed EDSS to the two patients who died of
other causes and the four patients whose two
year follow up is not complete. Overall, our
results change very little in these alternative
analyses.
We recognise that neither EDSS change nor

change in any of our other measures is a valid
indicator of overall disease progression. We
chose the EDSS for our primary indicator
because it provides a measurement of function-
al disability and is a standard in MS research.
To the extent that our outcome measures are
imprecise, we have somewhat less than 95%
confidence in the "95%" confidence intervals
we report.

It is worth noting that the three most
improved patients and the three patients who
died were all in the CTX group. One of the
three deaths was caused by MS. Of the three
improved patients, one (patient 1) first showed
improvement at 12 month follow up; another
(patient 6) at 18 months; and the third (patient
31) at 24 months. We cannot rule out immune
suppression therapy as responsible for their
improvement. With a total of42 or 43 patients,
we have little ability to examine the possibility
of treatment benefits among limited subgroups
of patients.

Studies ofCTX treatment in MS are tallied
by comparison group and outcome (table 7).
Patient groups studied have been of disparate
progression types and required widely varying
treatment regimes. Some have used randomis-
ed treatment programmes with comparison
groups. The most promising reports have been
those of Hauser et al'0 and Goodkin et al.'5

In this study, CTX was used alone, without
ACTH as an adjunct. The literature has
indicatedACTH is not useful when used as the
sole immunosuppressant in chronic progres-

Table 7 Results of cyclophosphamide treatment studies

Follow CTX Comparison
CTXgroup Progression Comparison up

Author (dose, duration) type group (year) Imp Same Worse Imp Same Worse

Aimard' 2 g, IV, 1 dose n/a 1
Girard' 200 mg, IV, 4-6 wk n/a 2-5 17 13 0
Gonsette'3 1-2 g, total in 2-3 wk mixed n/a 2-6 66 44
Drachman" 4-5 mg/kg, IV, 10 d relapsing n/a 21 days 1 4 1
Hommes" 400 mg, PO, 21-28 d plus chronic n/a 1-5 13 14 12

prednisone
Carter*6 500 mg, daily to 2 5 to chronic n/a 1 24 57 19

11 0 g plus ACTH
Millac" 75-100 mg/kg, PO, 1 yr unspecified untreated 1 3 2 3 0 3 5
Hauser" 400-500 mg, IV, 10-14 d chronic ACTH 1 8 8 4 1 3 16

plus ACTH plasma exchange 4 5 9
Goodkint"5 500 mg, IV, 10-14 d 1 16 11 4 20

plus ACTH; 1-5 14 13 4 20
or 700 mg/m', IV, weekly chronic untreated, 2 9 18 1 21
up to 6 plus prednisone nonrandomised

Likosky 400-500 mg, IV, 3-44 d chronic folic acidt 1 1 13 8 1 13 6
(current 15 2 1 1 7 2 10 8
study) 2 3 6 10 0 9

n/a = no comparison group.
Imp = improved.
*Includes Hauser".
tCTX group includes 14 patients treated with maintenance CTX as long as two years.
$Randomised.
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sive MS. Rinne et al 25 treated 73 MS patients,
of whom 37 were in a chronic progressive form,
in a randomised, double-blinded study with
ACTH or placebo. Their results did not
indicate a benefit to ACTH usage. Without
reason to believe that ACTH would benefit
patients in either group, we decided that the
clinical trial would be simpler to conduct and
interpret without administering ACTH. We
are unable to comment on a possible synergy
between ACTH and CTX.

Immunosuppressive effect was measured by
the degree of leucopenia and lymphocytopenia.
The mean dose of CTX administered (70 mg/
kg) was less than that reported by Hauser et al'0
(80-100 mg/kg administered over 10-14 days)
or Goodkin et al.'5 This may partly reflect the
effect of ACTH, which may mobilise polymor-
phonuclear cells from the bone marrow into the
circulation and mildly increase the leucocyte
count. An ACTH-stimulated baseline elevated
leucocyte count may possibly result in a longer
course of CTX before the leucocyte count falls
below a target cut-off point of 4000/mm'. In
addition, we administered CTX on a schedule
of five days weekly, which may reduce the total
dose required. Our mean pretreatment
leucocyte and lymphocyte counts were 7855/
mm3 and 1677/mm3, respectively. Our mean
values for leucopenia and lymphocytopenia
were 2045/mm' and 414/mm3, somewhat
higher than those of the Hauser et al'0 group,
which were 1800/mm' and 213/mm3. However,
the degree of immunosuppression as measured
by the degree of leucopenia or lym-
phocytopenia did not correlate with outcome in
our study.
At one and two year follow up, 70% and 53%

of the 20 FA patients were stable using our
primary measure of neurological impairment
(that is, an improved EDSS or <1 point
change). The pace of progression in our study
is consistent with the longitudinal data of
Confavreux et al,' which showed variable dura-
tion from the onset of moderate disability
(ambulatory) to the onset of severe disability
(non-ambulatory). This period is age depen-
dent and varies from 6 1 years in the third
decade to four years in the sixth decade. Kelly26
comments on tendencies for disease progres-
sion in progressive MS to slow or halt
unpredictably. This may partly explain the
apparent slowing of disease progression in our
patients after entry to the study.
We were able to demonstrate the safe use of

high-dose immunosuppression in an out-
patient clinic setting. This may be related
partly to the safety precautions provided for
each patient under the study protocol. We have
not yet evaluated long-term CTX complica-
tions, which may include malignancies and
sequelae of changes in immune system func-
tion.

This randomised, single-blinded clinical
trial does not indicate that a short series of
high-dose CTX favourably alters the course of
chronic progressive MS. Although CTX im-
munosuppression therapy can be safely admin-
istered to MS patients in an outpatient clinic
setting and modest benefits cannot be ruled
out, it is doubtful that there are substantial
benefits during the year after treatment.

The research was supported in part by the Community Service
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