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Continuous response variable trial design in
motor neuron disease: long term treatment with a
TRH analogue (RX77368)

Ajith Goonetilleke, Roberto J Guiloff

Abstract
The continuous response variable con-

trolled trial design is developed as a

model for the efficient screening of
candidate treatments in motor neuron

disease. A TRH analogue (RX77368) and
placebo were randomly allocated to 15
matched pairs of patients with motor
neuron disease. With validated compos-
ite interval scores, this trial excluded a

50% or greater improvement with
RX77368 at month 12 in scores of respira-
tory, lower limb, and activities of daily
living function with greater than 90%
power, and in bulbar function scores with
80% power. For upper limbs, 52% and
75% improvements were excluded at
months 9 and 12 respectively with 80%
power. Patients who died during the
study had faster deterioration rates in
bulbar and respiratory scores than their
surviving pairs.
The feasibility of screening drugs for

significant biological effects with small
sample sizes and good statistical power is
shown. The difficulties ofhandling deaths
and dropouts when using this design are

discussed. Comparisons are made with
sample sizes required using other scores

and rating scales, as well as with those
required in hazard and event rate stud-
ies. A simple clinical grading scale for
motor neuron disease, with its corre-

sponding composite interval scores, is
described.

(J Neurol Neurosurg Psychiatry 1995;58:201-208)
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Many drugs need to be tested in motor
neuron disease, with no suitable animal model
for preliminary studies. Drugs would be con-

sidered of benefit if they improved survival
time or mortality, or produced a symptomatic
effect for at least six months; the duration of a

drug trial may thus represent a large propor-
tion of a patient's remaining survival time.
Trials requiring large sample sizes limit the
number of drugs that can be tested at any one

time, and have a high human and economic
cost.' It is thus important to screen candidate
treatments with a methodology that ensures

reasonable statistical power with relatively
small patient numbers, before considering the
need for larger controlled trials.

Hazard and event rate trial designs with

survival time or mortality as primary end-
points require many patients and are costly.'
Exclusive use of these designs may discard
drugs that have significant effects on some
functions (for example, limb strength), and
yet do not affect survival. Such drugs may
improve the quality of life and should still be
considered as therapeutic options.
The need to test the long term effects of

a thyrotrophin releasing hormone (TRH) ana-
logue provided an opportunity to use the con-
tinuous response variable trial design,2 with
previously described interval measurements of
bulbar,3 respiratory,3 muscle strength,4 and
activities of daily living function.5 The feasibil-
ity of using small numbers of patients with
motor neuron disease, with adequate sensitiv-
ity and statistical power to detect or exclude
clinically significant effects, have not been
well documented before.
The rationale for the use of TRH and its

analogues has been reviewed.6 8 Intravenous,
subcutaneous, and intrathecal TRH has not
shown benefits.8-" A TRH analogue with a
longer half life (RX77368) was shown to have
short term effects on bulbar function and
spasticity with acute or subacute, intravenous
and oral administration, 12-14 and prompted
this study.

Materials and methods
PATIENTS
All patients fulfilled the El Escorial criteria for
a definite diagnosis of motor neuron
disease.'5 The referring physician knew of the
entry criteria, which included being 18-80
years of age, forced vital capacity (FVC)
>1.0 1, clinical disease duration of six to 36
months, and finding a suitable matched pair.
Fifty six of the 67 patients referred were suit-
able: 15 matched pairs were selected.
Absolute criteria for matching pairs at entry
were sex, disease type at onset, similar topo-
graphical involvement, and differences in
FVC deterioration rates of less than 5% of
normal function per month. It was intended
to keep pair differences in age to less than 10
years, but three pairs with differences of 14,
15, and 21 years had such similar illness dura-
tions (one, three, and four months) and rates
of deterioration that they were included.
Differences in duration of illness were less
than 12 months except for 21 months in one
pair; this pair was included because age and
deterioration rates were similar. Differences in
FVC were less than 30% of normal predicted
function except in two pairs with differences
of 39% and 56%. These pairs were included
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because of small differences in duration of
illness (one and four months) and similar
deterioration rates.

Eighteen patients had amyotrophic lateral
sclerosis (ALS) at clinical onset (16 men, two
women; age 27-73), and 12 had progressive
bulbar palsy (PBP) (four men, eight women;
age 48-67). For the cluster analysis 20
patients with motor neuron disease (10 classic
ALS, 1 0 PBP; 11 men, nine women; age
27-67) with complete data for 10 months of
assessments were used.

Thirty age and sex matched normal con-
trols were used for bulbar (13 men, 17
women; mean age 51 - 1, range 24-76) and
activities of daily living tests (15 men, 15
women; mean age 48-5, range 24-77); 60
normal controls were used for dynamometry
(32 men, 28 women; mean age 48-0, range
18-77). Control values for FVC were taken
from standard tables. The study was approved
by the local ethics committee and written
informed consent was obtained.

APPARATUS
Timed tests were performed with a stop-
watch. Standard beakers and straws were
used for the swallowing tests. Forced vital
capacity was measured by a micro spirometer
(Micro Medical Ltd, Rochester, England).
For chest circumference a flexible tape

Table 1 Comparison between clinical grades and % normal scores

Score
Function Grade Clinicalfunctional status n (mean (SD))

Bulbar Speech abnormality Swallowing abnormality
1 Moderate or severe + Moderate or severe 110 28-0 (9 9)
2 Severe + Normal 82 42-2 (11 0)

or moderate or severe + Minimal or mild
or mild + Minimal to severe
or normal or minimal + Severe

3a Minimal to moderate + Normal 69 58-4 (17 5)
or minimal + Minimal

3b Minimal + Mild or moderate 25 67-3 (9 9)
or normal + Minimal to moderate

4 Normal + Normal 85 90-0 (16-2)

Respiration 1 Ventilator some or all the time 4 17-6 (13-3)
2 Dyspnoea on mild exertion or at rest 90 41-6 (15-4)
3 Dyspnoea on moderate exertion 94 76-4 (33 4)
4 Normal 104 96-7 (35 9)

Upper limb 1 One or both arms lost all function (needs 93 1 1 (2 0)
help in all activities*)

2 One or both arms lost some function (needs 116 26 7 (26 1)
help in some activities*

3 Both arms functional, but some activities* take 55 58-8 (12-5)
longer to perform

4 Normal function 79 72-4 (22 6)

Lower limb 1 Unable to walk 52 11 1 (10-5)
2 Cannot walk the same distance as before 194 42-6 (22 0)

or needs a device or helper(s)
3 Abnormal gait, can walk the same distance as 19 70-8 (13 4)

before (without device or helper)
4 Normal 105 95-1 (12-1)

ADL 1 Totally dependent in all activitiest 24 1-8 (2 8)
2 Totally dependent in one or more activitiest 44 37 1 (23 3)
3 One or more activities take longer 51 74 9 (17-3)

or occasional help neededt
4 Normal 19 98-3 (14-6)

Data from patients with MND assessed monthly (mean follow up = 13 5 months); n = number
of observations; ADL = activities of daily living.
Speech abnormalities (slurred or nasal, not dysphonic): minimal = always intelligible, mild =
occasionally unintelligible (< 50% of the time); moderate = mostly unintelligible (>50% of the
time); severe = always unintelligible/anarthric.
Swallowing abnormalities: minimal = dysphagia with normal diet; mild = avoids some foods;
moderate = modified diet (liquidised, pureed, liquid supplements); severe = gastrostomy/naso-
gastric tube.
Mild exertion = routine activities (wash, dress, walk one mile, two flights of stairs).
Moderate exertion = more than routine activities; * write, self feed, and dress (buttons and
laces); t self feed, dress, wash, toilet, stand, walk.

measure was used. A hand held dynamometer
with a range of 0-30 kgf was used for muscle
force assessments (Penny and Giles
Instrumentation Ltd, Christchurch, Dorset,
England). Standard boards and armchair
were used for the activities of daily living tests.

MEASUREMENTS
All measurements were performed by a single
rater (AG) and were expressed as % normal
values. For bulbar and activities of daily living
tests, readings from each patient were
expressed as % of the mean value for that test
of the matched population of 30 controls. For
dynamometry, normal values varied with age
and sex; patients' readings were thus
expressed as percentages of the mean normal
values below and above 40 years for men and
50 years for women. Composite scores were
then obtained by taking the mean of the %
normal measurements for a group of tests.
The following were used: bulbar score timed
measurements of tongue protrusion, word
repetition, jaw movement, and swallowing3;
respiratory score-FVC and inspiratory and
expiratory chest circumference difference3;
Upper limb score shoulder abduction,
elbow flexion, finger extension, and index
finger abduction on both sides4; Lower limb
score hip flexion, knee extension, foot dorsi-
flexion, and greater hallux extension on both
sides4; activities of daily living score timed
measurements of unfastening and fastening a
button, placing four coins (right then left
hand), handwriting, rising from a chair, and
walking (forward 25 feet, turning, and walk-
ing back 25 feet)5; limb spasticity score-the
sum of grades for all four limbs was used;
each limb was assessed on a 0-5 grade with
the Ashworth scale.'6 Baseline values were
obtained after elimination of learning effects. I 17
Bulbar, respiratory, and limb scores were
obtained monthly and activities of daily living
scores three monthly, for one year.

CLINICAL SIGNIFICANCE OF QUANTITATIVE
SCORES
The functional status of the 30 patients was
independently assessed at each visit with
empirically designed clinical scales (six
grades) for speech, swallowing, respiratory,
upper limb, lower limb, activities of daily
living functions. The grades covered all
deficits, from complete absence to normal
function. These assessments were continued
after the trial in 16 patients, resulting in
a mean follow up for the 30 patients of
13-5 (range 1-31) months. This dataset was
then used to calculate the means and SD of
interval scores corresponding to the six grades
for each function (except speech and swallow-
ing) for all patients combined. Grades with
similar interval scores were then combined to
give the grades shown in table 1. For example,
the initial respiration grades 2 and 3 (dysp-
noea at rest and on minimal exertion) had
similar interval scores and were combined as
grade 2 in table 1.
The potential number of combinations

of speech and swallowing deficits was large.
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The valid combinations for a bulbar clinical
scale were established by a cluster analysis of
interval scores for all four bulbar functions
measured. Percentage normal values were
used as variables in a dataset of 20 patients
with motor neuron disease, each assessed on
10 monthly visits. The appropriate number of
clusters was investigated by 10 clustering
methods, employing standard criteria (cubic
clustering criterion, pseudo F, and t2 statis-
tics). A five cluster solution was consistently
suggested by these methods. Further, a simi-
lar five cluster solution was replicated on a
dataset obtained from another group of
patients (data not shown). Ward's minimum
variance method performs best when a total
coverage of data points is required"8 and was
chosen for the final solution. The combina-
tions of speech and swallowing clinical grades
that best matched this solution (fig 1, table 2)

Table 2 Word repetition and swallowing. Quantitative
scores (mean SD) for bulbarfunctional grades

Grade n Word repetition Swallowing

1 110 22-2(11-1) 37( 60)
2 83 39 0 (13-3) 16-7 (22-3)
3a 68 63-5 (17-4) 38-2 (26 5)
3b 26 69-6 (11-4) 19-6 (31-5)
4 85 92-5 (11-6) 87-3 (26-0)

Grade = fimctional grade (as defined in table 1), n = number
of observations. Scores are expressed at % in nornal function.

Figure 1 Clinical
functional grades and %
normal scores of bulbar
function. (A) Cluster
analysis, showing the five
cluster solution foundfor
bulbar tests (see methods).
Each observation is plotted
by the swallowing and
word repetition interval
subscores. (B) The clinical
grades as shown in tables 1
and 2 are plotted in a
similar way; they match
well the five cluster solution
shown in (A).

1601 A

O- 0/T4

Word repetition

Word repetition

were then chosen to show the relation
between clinical grades and composite bulbar
interval scores (table 1).

MEDICATION
Members of each pair were randomised to
RX77368 and placebo (mannitol), provided
by Reckitt and Colman Pharmaceutical
Division and Ferring Pharmaceuticals as a
white powder within glass vials. The rater and
patients were blind to the allocation. The
powder was dissolved in water to yield a clear
liquid. The first dose (100 mg) was super-
vised, and then given twice weekly.'4 Monthly
increments were made as required up to
3 mg/kg/dose. Compliance was checked by
direct questioning and by counting the empty
vials returned.

DATA ANALYSIS
For statistics the SAS software 6-04 (SAS
Institute Inc, Cary, NC, USA) was used.
Percentage normal scores were converted to
change from baseline values, eliminating base-
line variability and reducing the number of
patients needed.2

Baseline parameters
Comparisons were by paired t tests or Mann-
Whitney U test (limb spasticity).

Data censoring
It was predetermined that patients lost to
follow up or who had discontinued the med-
ication were censored from the final analysis.
Patients who died were assigned a "0%
normal" for all scores (see Discussion).

Main efficacy analyses
These were performed at months 6 and 12.
Change from baseline scores showed a multi-
variate normal distribution. A repeated
measures analysis of variance (time x group
interaction) was performed on these scores for
months 1-6 (month 6 analysis) and months
1-12 (month 12 analysis) for bulbar, respira-
tory, and limb scores. Similar data for months
3 and 6 (month 6) and months 3, 6, 9, and 12
(month 12) were used for analysis of activities

160 of daily living scores. Changes in limb spastic-
ity scores were compared with the Mann-
Whitney U test.

Survival rate
This was compared between groups at month
12 with life table methods and Greenwood
estimates of variance for survival probabilities.
The total survival experience for treatment
groups over one year was compared by the
Mantel-Haenszel statistic.

Deaths
The mean deterioration rates (change in base-
line scores/time) of patients dying during the
study were calculated with data from their last
visit. The same period from entry to the death
of one of the pair was used for the comparison
with their living pair; paired t tests were used
for such comparisons. Similar comparisons
were made for losses to follow up.
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Sample size estimates
It had been estimated that a 50% difference
in bulbar function between treatment
groups could be detected with 80% power
or greater using 30 patients, from previous
data.'3 The actual difference detectable
between intervention and control groups
with a two tailed a = 0 05 and power =
80% or 90% was calculated from the for-
mula'9:

6= ZaCc + Z,B(Y

/N

where ( = difference detectable; Z, = standard
normal deviate at the a significance level; Z1, =
standard normal deviate for power of (1-f8); a,
= SD of control group readings; a, = SD of
intervention group readings; N = total sample
size.

SIDE EFFECTS
All patients had monthly checks of subjective
side effects and of routine biochemistry,
haematology, total thyroxine, free tri-iodothy-
ronine, thyroid stimulating hormone (TSH),
and prolactin. The rater and patients were
blind to the results.

Figure 2 Efficacy
analyses. Mean % normal
scores and SEM bars for
placebo (solid line) and
RX77368 (dashed line),
expressed as (A) change
from baseline and (B) raw
scores. The differences
between the two treatment
groups were not statistically
significant.
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Results
DATA ANALYSIS
Baseline parameters
Age, duration of illness, and bulbar, respira-
tory, upper and lower limb, activities of daily
living, and limb spasticity scores were not
different between the groups (table 3).

Data censoring
The four patients censored were all in the
drug group. The three losses to follow up at
months 2, 3, and 5 died at 167, 200, and 277
days. One patient who discontinued medica-
tion (at month 6 due to fatigue and nausea)
died 317 days after entry. Patients lost to
follow up had similar deterioration rates to
their pairs.

Main efficacy analyses
Analysis of variance (ANOVA) on change
from baseline data at months 6 and 12
showed no differences between groups (p >
0-1) for any score (fig 2).

Table 3 Baseline variables. Means (SD) for placebo and
drug groups

Placebo RX77368

Age (y) 55-1 (11-1) 53-6 ( 9-9)
Illness duration (months) 17-7 ( 6-0) 21-9 ( 8-4)
Bulbar score 60-3 (26-6) 66-0 (26-8)
Respiratory score 79-7 (40-1) 72-3 (29-3)
Upper limb score 58-4 (41-7) 47-0 (35-0)
Lower limb score 67-3 (38-8) 59 7 (27 2)
ADL score 69-8 (38 2) 66-3 (33-4)
Limb spasticity score 16-0 ( 4-1) 14-8 ( 5 3)

Scores are expressed as % normal function, except for limb
spasticity (normal tone = 20, smaller scores indicating increas-
ing spasticity). ADL = activities of daily living.

Table 4 Differences detectable between intervention and control groups mean scores with
the methods used in this study

80% power 90% power

3m 6m 9m 12m 3m 6m 9m 12m

Bulbar 15 35 42 49 20 42 51 60
Respiratory 11 23 28 30 14 27 33 36
Upper limb 17 42 51 74 20 47 58 86
Lower limb 9 14 25 35 10 16 29 41
ADL 12 25 27 33 15 30 32 40

Differences detectable are expressed as % of control group mean scores at the specified month (p
< 0-05, 2 tailed test).
ADL = activities of daily living; m = months..

Table 5 Sample size estimates to detect improvements in deterioration rate with the
methods used in this study

80% power 90% power

3m 6m 9m 12m 3m 6m 9m 12m

Bulbar 71 33 23 21 121 46 33 31
Respiratory 110 35 15 10 187 49 21 14
Upper limb 55 21 15 12 72 26 19 15
Lower limb 25 20 16 14 32 25 22 19
ADL 29 17 13 12 48 24 18 18

The figures are the numbers required per treatment group at the specified month to detect a
50% improvement in deterioration rate of intervention group compared with that of the control
group (p < 0 05, two tailed test).
ADL = activities of daily living; m = months.

Survival rate
There were five deaths in the RX77368 and
three in the placebo groups among uncen-
sored patients. Two deaths in the drug group
were thought not to be related to motor neuron
disease; one was secondary to a severe
diarrhoeal illness (postmortem suggested
inflammatory bowel disease), and another to a
pulmonary embolus. The survival rates (p >

0 1) at 12 months and the overall survival
experience (p > 0 25) were not different
between groups.

Deaths
Deterioration rates in the six patients whose
deaths were considered to be due to motor
neuron disease were worse for bulbar (p <

0 01) and respiratory function (p < 0 05) than
those of their surviving pairs (fig 3), but not
for upper limb, lower limb, and activities of
daily living. Taking the last visit values, the
mean bulbar score before death was 32-7
(range 12-5-58-0)% and mean respiratory
score 20-3 (range 8A4-36-9)%.

Sample size estimates
The methods were sensitive enough to detect
50% or more improvement in all scores
at month 6 with greater than 90% power
(table 4). They would have detected similar
differences at month 12 in respiratory, lower
limb, and activities of daily living function
with over 90% power, and in bulbar function
with over 80% power. For upper limb
function 52% and 75% differences would
have been detected at months 9 and 12
respectively with 80% power. With the same
methods to detect a 50% improvement in the
deterioration rate of scores at month 12 (halv-
ing the reduction in scores of controls) 21
patients per group would be needed in a trial
with 80% power, and 31 per group with 90%
power (table 5).

SIDE EFFECTS
Twelve patients had nausea in the RX77368
group (mild to moderate = 5, severe = 7),
and two on placebo (mild to moderate).
Nausea occurred within one hour of taking
the drug, with a median duration of four
(range 1-24) hours. One patient discontinued
the drug after six months due to fatigue and
nausea. Other side effects were rhinorrhoea
(four), diarrhoea (three), feelings of warmth
or shivering (three), and urinary frequency
(two). There were no significant bio-
chemical or haematological abnormalities.
Nine patients on drug and four on placebo
had minor disturbances in thryroid function.
Seven on drug and four on placebo had
transient minor increases in total thryoxine or
free tri-iodothryonine; this necessitated a
dosage reduction in both members of one
pair, a procedure that maintained the blind-
ness of investigator and patients. Three
patients on RX77368 and one on placebo had
transient increases in TSH, with maximal
recorded values of 24-6 and 5 0 IU/l respec-
tively (normal < 4).
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Figure 3 Companrson of
mean (SEM) % normal
bulbar and respiratory
scores in patients dying
during the study (dashed
line) with their surviving
pairs (solid line) for bulbar
and respirato?y scores.
Note the significantly
worse deterioration rates in
the patients who died.
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Discussion
Strategies for motor neuron disease drug trials
include times to (hazard rate), or proportions
of patients experiencing events (event rate),
and the use of qualitative and quantitative
measurements of function. In diseases such as
motor neuron disease, death is often taken as
the event, and survival curves or mortality are
studied over a year or more. Data are
available to calculate numbers of patients
needed for trials with death as a primary out-
come variable. There is a need for similar data
for other important events that could be used,
such as time to respiratory failure, major
speech or swallowing involvement, inability to
walk, or loss of use of a limb.
The continuous response variable design

uses interval data, often requiring smaller
sample sizes. This design can show biological
effects, and may indicate the need to proceed
to larger survival and mortality studies.
Deaths in motor neuron disease are mostly
due to respiratory failure.20 The more rapid
deterioration rate in bulbar and respiratory
function in the six patients whose deaths were
considered as due to motor neuron disease
than in their surviving pairs (fig 3) correlates
well with clinical experience. The respiratory
score used in this study could detect with 90%
power a smaller than 40% difference between
groups at month 12 (table 4). Thus it
seems likely that if a drug has a significant
beneficial effect on survival, an improvement
in deterioration rate of respiratory scores in
the intervention group should be detected.
Some trials have used global motor neuron

disease scales,21 23 formed by summing tests of
different functions. Such global scores may
fail to reflect differential effects of drugs on
regions involved by the disease (they lack
transparency).24 Furthermore, it is difficult,
and often arbitrary, to decide on relative
weights for the various subscores within a
global score. Analyses are therefore increas-
ingly carried out by regions affected (bulbar,
respiratory, upper limb, lower limb). Many
published scales contain ordinal tests.
Disadvantages of using such tests include (a)
unequal changes in function across steps of
the tests and the scale; (b) steps not always
clearly defined; (c) analyses limited to non-
parametric statistics, unless the inclusion of
many tests results in an interval type scale; (d)

the sensitivity may be inadequate to detect
significant changes in function; and (e) valida-
tion is often incomplete.

Composite scores combine results of
individual tests. They reduce the number of
comparisons between groups and the overall
variability of readings,3 4 minimising the
chances of a type I error and improving study
power. If drug efficacy is judged purely on
these scores, they should represent important
functions affected by the disease and have
both statistical (for example, factor analysis)
and clinical validity. The last two are lacking
in strength scores that combine upper and
lower limb muscle groups together. The inter-
val tests and composite interval scores
described in this trial have been validated.
Learning effects have been minimised' 16 and
the accuracy, reproducibility, and variability
of the tests have been determined.3 4
Combining tests to form these scores has been
confirmed by factor analysis (unpublished
data). Each score has a high content validity,
with a good representation of functions
affected by motor neuron disease. Expressing
scores as percentage normal function allows
some appreciation of the severity of involve-
ment; their clinical relevance can be further
gauged by their relation to the clinical grades
(table 1). Change from baseline data elimi-
nates the variability in scores at trial entry and
lowers it throughout the study, reducing the
sample sizes required. The matched pairs
design could reduce further the sample sizes
by an analysis of differences between pair
members. All three dropouts being in one
group, however, made this analysis unsuitable,
with only 12 pairs to compare at month 12.
The handling of deaths and dropouts in the

continuous response variable trial design is an
important issue. The number of patients that
die in each group may be critical. Also,
patients that die often have worse deteriora-
tion rates than survivors (fig 3). If such
patients are excluded from further analysis
after their deaths, then apparently less
pronounced deterioration rates, or even
spurious stabilisations or improvements in
certain functions may be found (fig 4). This
can be avoided by giving a 0% value to that
function for patients after they die. The
handling of dropouts is not so straightfor-
ward.25 Both the number of dropouts and
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Figure 4 Effect of deaths
on mean % normal scores.
Trial deaths are expressed
as 0% of normalffunction
(solid line), or are excluded
from further analysis
(dashed line). Data for all
30 trial patients. Note the
spurious improvements of
group mean scores after the
eight deaths (represented
by xs) if they are excluded
from further analysis.
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their deterioration rates can be important. All
dropouts in this study were in the RX77368
group, but had similar deterioration rates to
the other patients. If not so, it would have
been necessary to comment on their effects on
the results before reaching any conclusions
about drug efficacy.
The improvements reported with oral

RX77368 for 3X5 weeks'4 were not seen in this
study. Possible reasons include first assess-
ment at four weeks with development of drug
tolerance or continued disease progression,
non-selective patient recruitment, and a
smaller proportion of responders in this trial.
Poor compliance is less likely.
A significant long term biological effect of

oral RX77368 at the dosage used has been
excluded. This study had over 90% power in
excluding a 50% or greater difference in
scores between groups at month 12 for respi-
ratory, lower limb, and activities of daily living
function, and 80% power for bulbar function.
For upper limbs, 52% and 75% differences in
scores were excluded at months 9 and 12
respectively with 80% power. There are nega-
tive trials in motor neuron disease with similar
sample sizes but the methodologies used
previously have not been validated or ensured
that a type II error (false negative) has been
reasonably excluded.
The randomised, double blind, placebo

controlled trial is the gold standard for trial
design. The omission of randomisation and
placebo controls in motor neuron disease may
be defended for detecting major therapeutic
effects,26 such as arrest of the disease or a
dramatic reduction in mortality after one or
two years. Deterioration rates of composite
scores in a trial population compared with
those of natural history controls,2728 or with
their pretrial deterioration rates,28 have been
advocated as alternative designs for efficiently

screening drugs in motor neuron disease. Key
assumptions for these approaches to be valid
include (a) fully validated measurements of
respiratory, bulbar, and limb function; (b)
learning effects of measurements demonstra-
bly similar between populations or eliminated
before trial onset; (c) linearity or predictability
of deterioration rates; and (d) lack of a
placebo effect. With natural history controls
the further assumption that deterioration rates
and outcomes in motor neuron disease popu-
lations do not change over time is question-
able-for example, with new ancillary
measures like gastrostomy or assisted ventila-
tion. Further, the trial population should be
similar to the historical controls in all mea-
surements, inclusion criteria, referral patterns,
and selection bias.26 A running in period of six
months may be required to obtain sufficiently
precise estimates of pretrial deterioration rates
when using patients as their own controls.27
The clinical grades shown in table 1 fulfil

criteria for a valid scale. They cover the
respective universe of deficits, are mutually
exclusive, transparent, have suitable discrimi-
nation, and are clinically plausible. The associ-
ated interval data (means and SD of
percentage normal scores) confirm their status
as separate grades. The combinations of
speech and swallowing deficits chosen for
bulbar grades were determined by a cluster
analysis. A tandem profile24 of such functional
grades may be used to describe patients (for
example B4R4U1L1A1 = a patient with
normal bulbar and respiratory function, loss
of fumction in one or both arms, unable to
walk, and who is totally dependent in activi-
ties of daily living).

In conclusion, the feasibility of using the
continuous response variable trial design in
motor neuron disease with small sample
sizes and good power to exclude significant
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Table 6 Sample size estimates to detect a 50%
rate/survival of intervention group at 12 months

Population

Deterioration rates:
Munsat et al 50 ALS
19882! (26 male, 24 female
(table 1) mean age = 51 2 y;

10 bulbar, 40 spinal)

Plaitakis et al 6 ALS
1988"
(figs 1,3)

Brooks et al 702 ALS
1991i' (472 male, 230 female;
(table 7) mean age = 53 5 y;

155 bulbar, 547 spinal)

bulbar/spinal onset:

Bensimon et al
1994 12

(fig 2)

This study
1994
(table 4)

Deaths:

75 ALS

30 ALS
(20 male, 10 female;

mean age = 54-4 y;
12 bulbar, 18 spinal)

Hazard
Event

n = Number needed per group assuming equal sizec
ordinal; Norris/Baylor = Norris/Baylor ALS scales;,
for a hazard rate study, with median survival times
16-4 and 38-0 months respectively (corresponding t
one year mortality rates of 40% and 20%), study
month recruitment period at the beginning; tsaml
year survival, from a control group rate of 40% (co
intervention group rate of 20% (p < 0-05, two taile
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improvement in detenroration 4 Goonetilleke A, Guiloff RJ. Accuracy, reproducibility, and
variability of hand held dynamometry in motor neuron
disease. _7 Neurol Neurosurg Psychiatry 1994;57:326-32.

Measurement 5 Potvin AR, Tourtellotte WW. Instrumented examination
of activities of daily living. In: Quantitative examination of

Functlon Type ,i neurologicfunctions. Florida: CRC Press, 19851l:167-80.
6 Guiloff RJ. Thyrotropin releasing hormone and motor-

neurone disease. Rev Neurosci 1987;1:201--19.
Upper limb I 38 7 Guiloff RJ. Use of TRH analogues in motomeuron dis-
Timed hand I 58 ease. In: Metcalf G, Jackson IVD, eds. Thlyrotropin-
Lower limb I 47 releasing hornone: biomtedlcal siggnificance. Ann N Y Acad
Bulbar 47 Sci 1989;553:399-421.
Respiration I 57 8 Brooks BR. A summary of the current position of TRH in

ALS therapy. In: Metcalf G, Jackson IVD, eds.
Spinal score 0 64 Thyrotropin-releasing hormone: biomedical significance. Ann

N YAcad Sci 1989;553:431-61.
Bulbar score 0 148 9 Engel WK, Siddique T, Nicoloff JT. Effect on weakness

and spasticity in amyotrophic lateral sclerosis of thy-
Elbow flexion I 27 rotropin-releasing hormone. Lancet 1983;ii:73-5.
Upper limb I 68 10 Committee on health care issues, American Neurological
Hip flexion I 21 Association. Current status of thyrotropin-releasing hor-
Lower limb I 37 mone therapy in amyotrophic lateral sclerosis. Ansn
Stand I 45 Neurol 1987;22:541-3.
Walking I 109 11 Munsat TL, Taft J, Jackson IMD, et al. Intrathecal thy-
Tongue I 121/106 rotropin-releasing hormone does not alter the progres-
Lip I 201/72 sive course of ALS: experience with an intrathecal drug
Jaw I 47/101 delivery system. Neurology 1992;42:1049--53.
Norris 0 47 12 Guiloff RJ, Eckland DJA, Demain C, et al. Controlled
Baylor 0 33 acute trial of a thyrotropin-releasing hormone analogue

(RX77368) in motor neurone disease. 3 Neurol Neuro-
Muscle strength 0 28 surg Psychiatry 1987,50:1359-70.
Limb function 0 42 13 Modarres-Sadeghi HR, Rogers H, Emami J, Guiloff
Bulbar function 0 54 RJ. Subacute administration of a TRH analogue

(RX77368) in motomeuron disease: an open study.Upperlimb I 15 7JNeurolNeurosurgPsychiatiy 1988,51:1146-57.
Lower limb I 19 14 Modarres-Sadeghi H, Guiloff RJ. Comparative efficacy
Bulbar I 31 and safety of intravenous and oral administration of a
Respiration I 14 TRH analogue (RX77368) in motor neuron disease.
ADI I 18 . Neurol Neurosurg Psychiatry 1990;53:944-7.

15 World Federation of Neurology Research GroupSurvival 146* on Neuromuscular Diseases. El Escorial World
Mortality 1 08t Federation of Neurology criteria for the diagnosis

of amyotrophic lateral sclerosis. _7 Neirol Sci 1994,124:groups; measurement type I =interval, 0 = 96-107.
ADL = activities of daily living; *sample size 16 Ashworth B. Preliminary trial of carisoprodol in multiple
for control and intervention groups taken as sclerosis. Practitioner 1964,192:540 -2.
o exponentially decaying survival curves with 17 Guiloff RJ, Modarres-Sadeghi H, Rogers H. Motor neuron
performed over 18 months including a SiX disease: aims and assessment methods in trial design. In:
ple size to detect 50% improvement in one Rose FC, ed. Amyotrophic lateral sclerosis. New York:
mbined rate for all patients in this study) to Demos Publications, 1990:19-31.
d; power 90%). 18 Aldenderfer MS, Blashfield RK. A review of clustering

methods. In: Cluster analysis. California: Sage Publi-
cations, 1984:60.

19 Lachin JM. Introduction to sample size determination and
ug effects in relevant functions is power analysis for clinical trials. Controlled Clint Trials
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The administration of guanidine in amyotrophic lateral
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)uld be of use in the efficient 24 Feinstein AR. Clinimetn'cs. New Haven: Yale Universitybeofin the efficient ~Press, 1987.
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erved for drugs showing signifi- trials. In: Clinical trials-- -a practical approach. New York:ervedforrugs showig signifi- John Wiley and Sons, 1983:50 -65.
al effects. 27 Pradas J, Finison L, Andres PL, Thornell B, Hollander D,

Munsat TI. The natural history of amyotrophic lateral
sclerosis and the use of natural history controls in thera-
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