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sis that shell-breaking predators became
more important as agents of selection
among gastropods in the middle Mesozo-
ic. The fossil record further shows that
shell-breaking fish and crustaceans ap-
peared in the Devonian but did not diver-
sify on a large scale until the Jurassic (/,
2, 7). These trends through time were ac-
companied by other important changes
in shallow-water marine communities,
including increased disturbance of soft
sediments by burrowing animals (8) and
increased destruction of rocks by boring
and grazing organisms (9). The biological
component of selection has evidently
undergone substantial change over the
course of Earth history.
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Intrathecal Interferon Reduces Exacerbations of

Multiple Sclerosis

Abstract. Ten patients with multiple sclerosis who were treated with human
fibroblast interferon (IFN-B) for 6 months showed a significant reduction in their
exacerbation rates compared with their rates before treatment (P < .01). The IFN-B
was administered intrathecally by serial lumbar punctures. There was no significant
change in the exacerbation rates of ten multiple sclerosis control patients before and
during the period of observation. The IFN-B recipients have now been on the study a

~mean of 1.5 years, the controls, 1.2 years. The clinical condition of five of the IFN-B

recipients and one of the control patients has improved, whereas the condition of five
of the controls and one of the IFN-B recipients has deteriorated (P < .036). These
findings warrant cautious optimism about the efficacy of intrathecal IFN-B in
altering the course of multiple sclerosis and support concepts of a viral or

dysimmune etiology of the disease.

There is evidence that multiple sclero-
sis (MS) is caused (at least partially) by a
viral infection of the central nervous
system (CNS) that acts as a ‘‘trigger’’ for
repeated exacerbations of neurologic
symptoms characteristic of the disease
(1, 2). Interferon (IFN) is a naturally
occurring biologic product with potent
antiviral activities (3). It does not cross
the blood-brain barrier in significant
quantity when administered systemical-
ly, but can be safely administered in-
trathecally (4¢). For these reasons we
conducted a randomized controlled
study of the effects of intrathecally ad-
ministered human fibroblast interferon
(IFN-B) in a series of MS patients.

We included in this study 20 patients
(15 women and 5 men aged 15 to 40
years, mean age 30.7 years) who fulfilled
clinical and laboratory criteria (5, 6) for
making the diagnosis of MS with certain-
ty (Table 1). We obtained the informed
consent of each patient. The patients
were randomly assigned to a group of ten
IFN-B recipients or ten controls. The
study was not blinded; serial lumbar
punctures to inject placebo in the con-
trols were not justified. There were seven
women and three men (aged 20 to 40
years, mean age 30.2 years) in the recipi-
ent group and eight women and two men
(aged 15 to 39 years, mean age 31.1
years) in the control group. Duration of
disease prior to entering the study was
1.0 to 19.4 years (mean 8.0 years) in the
recipient group and 2.8 to 20.5 years
(mean 8.5 years) in the controls. The
types of diseases were: exacerbating-
remitting with residua (ER-R) in two
IFN-B recipients and two controls; exac-
erbating-remitting, progressive (ER-P) in
three IFN-B recipients and one control;
and stable with residua (S-R) in five IFN-
B recipients and seven controls. The
basis for this classification has been de-
scribed elsewhere (6, 7).

All IFN-B recipients had received
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adrenocorticotropin (ACTH) intrave-
nously or intramuscularly or oral ster-
oids during exacerbations prior to the
study; they agreed that they would not
receive these therapies should they exac-
erbate for at least the first year of the
study. Should they desire such treat-
ments for relapses after the first year,
then ACTH or oral prednisone could be
administered without withdrawing them
from the study. Controls received these
steroids for exacerbations as required
during the study. Two controls (see Ta-
ble 1, controls 1 and 9) also took oral
prednisone (10 to 30 mg) on alternate
days during the study (as they had done
for the previous 1 to 2 years). Initially
there were 12 patients in each group.
One recipient and two controls withdrew
shortly after entering the study; one re-
cipient died during the first month of the
study but his death was not related to
IFN-B administration.

Each patient underwent a complete
neurologic examination at the beginning
of the study and at least monthly after
entering the study. The recipients were
also assessed semiweekly for the first
month of the study (when they were
receiving IFN-B twice per week). The
severity of the patients’ symptoms and
signs were scored by disability status
according to the method described by
Kurtzke (8). On the basis of the severity
of the signs, an overall assessment of the
patients’ clinical condition (improved,
unchanged, worsened) was made at the
time of each reevaluation.

An exacerbation was defined as a sep-
arate episode or period of development
of new symptoms or a group of symp-
toms when the clinical course had been
stationary or improving during the previ-
ous month (6, 9). The bout had to last
longer than 24 hours and there had to be
objective neurologic changes confirming
the deterioration on examination. If
symptoms progressed after a stationary

SCIENCE, VOL. 214, 27 NOVEMBER 1981



or improving period of less than 1 month,
then that time was included as part of a
single exacerbation. The duration of an
exacerbation was considered as the time
elapsing from the onset of symptoms
until the new or worsened symptoms and
signs had reached their maximum (6, 9).
For each patient the frequencies of ex-
acerbations prior to entering the study were
determined and exacerbation rates (ex-
acerbations per year) for the duration of
disease prior to entering the study were
calculated. New exacerbation rates were
calculated for each patient monthly dur-
ing the study and compared with the
rates before the study (two-tailed ¢-test).
The number of exacerbations to be ex-
pected or predicted during the study
[exacerbation rates before the study mul-
tiplied by time (years) on the study] was
determined monthly for each patient.
The predictions were compared with the
actual number of exacerbations that oc-
curred during the study (two-tailed ¢-
test).

The IFN-B was prepared at Roswell
Park Memorial Institute in the laboratory
of J. Horoszewicz by superinduction of
human fibroblasts (10). Purification by
affinity chromatography (/7) yielded a
product with a specific activity of 107
interferon reference units (IRU) of IFN-
B per milligram of protein. The purified
IFN-B was stabilized by addition of hu-
man albumin, lyophilized, and kept at

4°C at 2 x 10° or 3 x 10° IRU per vial.

The IFN-B was administered by serial
lumbar punctures performed semiweekly
for the first 4 weeks and then once per
month for the next 5 months of the
study. At the time of each lumbar punc-
ture, 5 to 15 ml of cerebrospinal fluid
(CSF) was withdrawn for analysis prior
to intrathecal injection of the IFN-B.
The dosage to each recipient was
1 x 10% IRU/m? at the time of each lum-
bar puncture. Recipients underwent a
lumbar puncture 1 year after entering the
study so that CSF could be obtained for
analysis. Controls underwent lumbar
punctures upon entering the study and
after 1 year in the study for CSF analy-
sis.

The IFN-B recipients were hospital-
ized for at least 1 week at the start of the
study and were observed for toxic reac-
tions. Vital signs were recorded at least
every 8 hours and more frequently if
indicated. Complete blood counts in-
cluding platelet and reticulocyte counts,
blood chemistries (electrolytes, liver,
and renal screens), and urinalyses were
performed at least twice while they were
in the hospital and more often if indicat-
ed. If the recipients developed severe
headaches or other significant side ef-
fects after the first two lumbar punctures
they remained in the hospital for 2 to 3
weeks and were observed closely. Sub-
sequent doses of IFN-B were adminis-

tered in an outpatient treatment room.

The CSF was analyzed for cells, glu-
cose, and total protein after each lumbar
puncture and for immunoglobulin and
myelin basic protein at the time of lum-
bar punctures 1, 12, and 14 in the IFN-B
recipient group and at the time of the two
lumbar punctures in the controls. We
analyzed the CSF and serum for the
presence of IFN at the time of the lum-
bar punctures in both groups (12).

In Table 1 we summarize the pertinent
clinical data on these patients. As of
August 1981 the IFN-B recipients had
been followed for 1.4 to 1.6 years (mean
1.5 years) since entering the study and
the controls for 1.2 to 1.3 years (mean
1.2 years). :

Two of the IFN-B recipients had a
total of four exacerbations since their
first IFN-B injections. Six of the controls
had a total of ten exacerbations since
entering the study. The recipient group
had significantly fewer exacerbations
during the study than predicted by their
pre-study exacerbation rates (P < .01),
but the controls exacerbated as predict-

~ed. In seven of the recipients, one to.six

exacerbations were predicted, but none
occurred. Although exacerbations did
occur in recipients 3 and 5, the numbers
of exacerbations were far less than pre-
dicted. No exacerbations occurred in
recipient 9 during the study, in agree-
ment with the prediction. Four controls

Table 1. Effects of intrathecally administered IFN-B on patients with MS.

Duration Exacerbations Exacerbations Exacer
b A Type di of before study Years on study bation Clinical
ra- 8¢ Sex (.)f 1sease on Matchi rate -
tient  (years) dis- before Actual assess
Num- study Ex- N on ment
ease* study ber Rate ectedt num d
(years) P ber study
Recipients

1 20 F ER-R 1 4 4 1.5 6.0 0 No (less) 0 Better

2 25 F ER-P 6.2 14 2.3 1.6 3.6 0 No (less) 0 Better

3 29 F ER-P, 9.1 26 2.9 1.6 4.6 1 No (less) 0.6 Unchanged

4 40 F S-R 8.1 10 1.2 1.5 1.9 0 No (less) 0 Better

S 26 F ER-P 6.3 21 33 1.6 5.3 3 No (less) 1.9 Worse

6 29 M S-R 10.3 6 0.6 1.6 1.0 0 No (less) 0 Better

7 29 F ER-R 2.5 4 1.6 1.4 2.1 0 No (less) 0 Better

8 26 F S-R 7.0 5 0.9 1.4 1.1 0 No (less) 0 Unchanged

9 39 M S-R 19.4 8 0.4 1.4 0.6 0 Yes 0 Unchanged

10 39 F S-R 10.3 8 0.8 1.4 1.1 0 No (less) 0 Unchanged

Controls

1 15 F ER-P 3.2 4 1.3 1.2 1.5 3 No (more) 2.6 Worse

2 26 F ER-R 2.8 3 1.1 1.2 1.3 1 Yes 0.9 Worse

3 39 F S-R 5.5 3 0.7 1.2 0.8 1 Yes 0.9 Better

4 30 F S-R 4.5 3 0.9 1.2 1.0 2 No (more) 1.7 Unchanged

5 39 M S-R 20.5 4 0.2 1.2 0.2 0 Yes 0 Unchanged

6 31 F ER-R 10.5 S 0.5 1.3 0.6 0 Yes 0 Worse

7 34 M S-R 14.5 5 0.3 1.2 0.4 2 No (more) 1.7 Unchanged

8 26 F S-R 6.5 S 0.8 1.3 1.0 0 No (less) 0 Worse

9 33 F S-R 9.8 3 0.3 1.2 0.4 1 No (more) 0.9 Worse

10 38 F S-R 7.7 6 0.8 1.1 0.9 0 Yes 0 Unchanged

*Type of disease when entering study: ER-R, exacerbating-remitting with residua; ER-P, exacerbating, progressive; S-R, stable with residua. tDetermined by
multiplying the exacerbation rate before the study by the number of years on the study. iDetermined by comparing the expected exacerbation rate with the actual
number of exacerbations on the study: ‘‘No (less)’” indicates disagreement, actual number less than expected; ‘““No (more)’” indicates disagreement, actual number
more than expected; ‘‘Yes’’ indicates agreement.
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had more exacerbations during the study
than predicted; one had fewer, and the
other five controls exacerbated as pre-
dicted (Table 1). The overall exacerba-
tion rates for the IFN-B recipients de-
creased during the study (mean rate be-
fore study, 1.8, as opposed to 0.25 on the
study, P < .01), whereas the controls’
rates increased overall (mean rate before
study, 0.69, compared to 0.83 on the
study; not significant). The recipients
had higher exacerbation rates before
(P < .02) and lower exacerbation rates
during the study (P < .05) than the con-
trols.

In recipients 1, 2, and 4 who had no
exacerbations during the study, the
exacerbation-free intervals since being
on the study (1.5 to 1.6 years, mean 1.5
years) are the longest such intervals they
ever experienced since disease onset (1.7
to 4.5, mean 3.1 times longer than longest
remission before the study).

The clinical disability status scores
were not significantly different in the two
groups (recipients, 2 to 8, mean 5.3;
controls, 3 to 7, mean 3.9) but the IFN-B
group differed from the controls at the
beginning of the study in having had
more (2.6 times) exacerbations and con-
taining 20 percent more patients with
exacerbating-remitting diseases. The
clinical impressions indicated that in five
recipients and one control the disease
had improved, in four recipients and four
controls the disease was unchanged, and
in one recipient and five controls the
disease was worse (P < .036 for im-
provement in recipients, Mann-Whit-
ney).

There were no exacerbations during
the study in the five improved IFN-B
recipients. One unchanged recipient
(No. 3) had one exacerbation and the
recipient in whom the disease had wors-
ened (No. 5) had three exacerbations
during the study. Exacerbations oc-
curred in all three types of clinical re-
spondents in the controls. The improved
control (No. 3) had one exacerbation,
two of the unchanged controls (Nos. 4
and 7) had two exacerbations each, and
three of the controls in whom the disease
had worsened had a total of five exacer-
bations during the study.

Headache was the most common side
effect (experienced by all IFN-B recipi-
ents on at least one occasion) of the
treatment, and usually began 6 to 12
hours after a lumbar puncture; however,
sometimes a headache began immediate-
ly and sometimes up to 24 hours after the
lumbar puncture. The usual duration of
headache was 24 hours. Low-grade fe-
‘vers (maximum 101°F) occurred in six
IFN-B treated patients and began, on the

1028

average, 6 hours after lumbar punctures
and lasted 6 to 12 hours. All IFN-B
recipients developed transient CSF pleo-
cytosis and increases in total protein, but
there was no relation between the timing
of maximum pleocytosis and the occur-
rence of systemic toxicity symptoms.
Five recipients had detectable IFN-B (3
to 23 IRU) in the CSF on one to three
occasions during the first month of treat-
ment. There was no relation between the
detection of IFN-B in the CSF and the
clinical responses. No IFN was detected
in the CSF or serum of the controls.

The IFN-B recipients showed a signifi-
cant decrease in exacerbation rates dur-
ing the study compared with their rates
prior to the study, but the control group
had statistically the same exacerbation
rates before and during the study. The
alterations in the IFN-B-treated pa-
tients’ disease courses is further evi-
denced by the three in whom the remis-
sion periods since entering the study are
1.7 to 4.5 times longer than any pre-
study remissions.

Our observations on the exacerbations
in the IFN-B recipients are consistent
with the idea that a virus present in the
CNS of MS patients acts as a trigger for

repeated exacerbations and that this trig-

ger was suppressed or eradicated by the
antiviral effects of the IFN-B (7, 2). Our
observations are also consistent with a
dysimmune etiology for MS such that
overall augmentation of the immune sys-
tem conferred by IFN-B stabilized a
previously ‘‘oscillating’’ immune system
that had been producing exacerbations
(2, 3, 13). In this regard it has been
demonstrated that a proportion of MS
patients produce defective IFN respons-
es to viruses and T-cell mitogens (/4).
Most of the IFN-B recipients whose
condition improved had exacerbating-re-
mitting diseases for shorter durations
with fewer exacerbations as well as low-
er disability status scores before the
study than those recipients whose condi-
tion was unimproved or worse. Thus, it
may be important to begin IFN-B treat-
ment of MS patients as soon as possible
after the disease is diagnosed while they
have still had few exacerbations and
their clinical disabilities remain relative-
ly mild. The transient toxic reactions to
IFN-B administered intrathecally were
similar to those observed when it was
administered systemically (3) and seem
acceptable for the benefits achieved (15).
It could be argued that, for scientific
reasons, the control patients should have
received intrathecally administered for-
eign protein. We considered that the
toxic effects of such administration were
not justifiable for the purposes of this

study. The possibility of a placebo effect
in the IFN-B recipients is minimized by
the consistency of the responses and the
length of the period of observation.
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