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Abstract: Multiple system atrophy (MSA) is a neurodegenera- survey, for their use as outcome measures in a therapeutic trial.
tive disorder exhibiting a combination of parkinsonism, cere- We discuss related design issues and provide sample size
bellar ataxia, and autonomic failure. A disease-specific scale, estimates. Scores based on the disease-specific UMSARS
the Unified Multiple System Atrophy Rating Scale (UM- seemed to be equal or superior to scores based on the SF-36
SARS), has been developed and validated to measure progres- health survey. They appeared to capture disease progression,
sion of MSA, but its use as an outcome measure for therapeutic were well correlated and required the smallest sample size. The
trials has not been evaluated. On the basis of twelve months of UMSARS Motor Examination score exhibited the most favor-
follow-up from an observational study of 67 patients with able characteristics as an outcome measure for a therapeutic
probable MSA, we evaluated three disease-specific scores: trial in MSA with 1 year of follow-up. © 2007 Movement
Activities of Daily Living, Motor Examination, and a combined Disorder Society

score from the UMSARS and two general health scores, the Key words: Parkinsonism; power, study design; UMSARS;

Physical Health and Mental Health scores of the SF-36 health SF-36.

Multiple system atrophy (MSA) is a neurodegenera- failure, parkinsonism, and cerebellar ataxia. Disease pro-
tive disorder expressing a combination of autonomic gression is typically inexorable. The cause of MSA is
unknown. Treatment options are only partially effective,
for only a few symptoms.

The Unified Multiple System Atrophy Rating Scale
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able MSA.”3 We investigated potential outcome mea-
sures for use in therapeutic trials of MSA, limiting in-
vestigation to those with “probable MSA”. Three
measures were derived from the disease-specific UM-
SARS: the Activities of Daily Living score (UMSARS-
ADL, 12 questions), the Motor Examination score (UM-
SARS-ME, 14 questions) and a combined score
(UMSARS-ADL + ME, 26 questions). Two measures
from the SF36 health survey,* a standardized and vali-
dated instrument, were assessed: the Physical Health
(SF36-PH, 21 questions) and Mental Health (SF36-MH,
14 questions) scores. Poorer health is signified by lower
scores on the SF-36 and by higher scores on the UM-
SARS scales. The five outcome measures were compared
to determine (a) whether they capture the decline in
health, (b) whether they exhibit high correlation over
time and (c) which measure requires the smallest sample
sizes (smallest signal-to-noise ratio).

METHODS

Subjects and Evaluation

We studied participants currently enrolled at nine US
movement disorder centers in an observational and risk
factor study of MSA.> Patients were followed biannually.
All centers obtained Institutional Review Board ap-
proval. All subjects provided informed consent. All sub-
jects met Consensus Criteria for probable MSA.3 Each
investigator reviewed an UMSARS training video prior
to enrolling patients. Sixty-seven patients completed an
initial and 12 month evaluation and form the basis of this
report.

Patients were classified by MSA subtype using the
Consensus Criteria within the limits of available infor-
mation.? As patients’ initial study evaluation was on
average 4.6 years after diagnosis, it was not possible to
determine whether parkinsonian or cerebellar symptoms
predominated at the onset of the disease for some pa-
tients. Rather than force an arbitrary classification, we
have chosen to consider these subjects with both parkin-
sonian and cerebellar criterion at enrollment but for
whom predominant criterion at onset was unclear, as
“mixed”. Health decline was estimated separately for
these “mixed” patients to allow detection of differences
between this group of patients and patients who could
unambiguously be designated as MSA-P or MSA-C. As
a result, the initial study examinations, medical records
and, as needed, information from the treating physician
was used to determine MSA subtype in the following
way:

i. MSA-Parkinsonism (MSA-P): Patients meeting par-
kinsonian but not cerebellar criterion and patients for
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whom parkinsonism preceded cerebellar signs by at
least 1 year.

ii. MSA-Cerebellar (MSA-C): Patients meeting cere-
bellar but not parkinsonian criterion and patients for
whom cerebellar signs preceded parkinsonism by at
least 1 year.

iii. MSA-Mixed (MSA-M): Patients with parkinsonism
and cerebellar criterion at enrollment for whom the
presenting signs could not be determined.

Because of disease progression, 10 of the 67 patients
(15%) could not attend the 12 month visit. Study neu-
rologists obtained UMSARS-ADL scores by telephone.
The other measures could not be assessed.

Statistical Analysis

Summary statistics were presented as means and stan-
dard deviations (SD). Comparisons of initial evaluation
and month 12 measures were based on Wilcoxon signed
rank tests. Spearman and Pearson estimates of correla-
tion were determined. Wilcoxon rank sum tests and
Kruskal-Wallis tests were used to assess whether change
scores depended on patient characteristics. Continuous
factors (like age) were dichotomized at the median for
these analyses. Normality of change scores were as-
sessed using Shapiro—Wilk tests. Observed change
scores, correlations over time and the larger of the stan-
dard deviations at the two time points provided the basis
for sample size calculations. ANCOVA models adjusting
for baseline scores were used to estimate sample sizes®
using two-sided tests and alpha levels of 0.05. The for-
mula for the sample size is: n = 20781 — p?]

X (z(a/2) + z(B))* where o is the standard deviation,
d is the absolute difference observed at the pre- and
post-visit, p is the pre/post correlation, and z(a/2) and
z(B) are the z-scores of the standard normal distribution
relating to the size and power of the test, respectively. Of
note, this formula is simplified compared to the Frison
and Pocock presentation, as the number of pre- and
post-visits (r and p in Frison and Pocock’s notation) both
have a value of one. Data analyses were performed using
the statistical software R and STATA.7® P-values were
not adjusted for multiple comparisons.

RESULTS

The majority of patients were non-Hispanic, Cauca-
sian men. Education beyond high school was common
(Table 1). Mean age at MSA onset and enrollment was
60.5 and 65.0 years, respectively. Most patients had
MSA-P (60%); 27% MSA-M and 13% MSA-C.

Forty-seven of the 67 patients (70%) were taking a
dopaminergic medication at their initial evaluation.
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TABLE 1. Patient characteristics at initial evaluation

(N = 67)
N/% or mean (SD)
General

Gender male (N/%) 40/59.7
Age [mean(SD)], yr 65.0 (9.2)
Marital status (N/%)

Married 59/88.1

Widowed 2/3.0

Divorced 4/6.0

Never married 2/3.0
Race (N/%)

Asian 4/6.0

Caucasian 62/92.5

Other or unknown 1/1.5
Ethnicity (N/%)

Hispanic or Latino/a 2/3.0
Not Hispanic or Latino/a 65/97.9
Education [yr, Mean(SD)] 15.8 (2.8)

Disease-specific
MSA type (N/%)
MSA-parkinsonism 40/59.7
MSA-cerebellar 9/13.4
MSA-mixed 18/26.9
Age at onset of MSA [Mean(SD)] 60.5 (9.9)
Disease duration [yr, Mean(SD)] 4.6 (3.3)
Beneficial levodopa response (N/%)
No 20/29.9
Yes 22/32.8
Not received 21/31.3
Initial but not continuing response 4/6.0
Disability scale* (N/%)
Independent 3/4.5
Less independent 22/32.8
More dependent 15/22.4
Very dependent 23/34.3
Totally dependent 4/6.0

*Independent: Completely independent, able to do all chores with
minimal difficulty or impairment, essentially normal, unaware of any
difficulty. Less independent: Not completely independent, needs help
with some chores. More dependent: Help with half of chores, spends a
large part of the day with chores. Very dependent: Now and then does
a few chores alone or begins alone, much help needed. Totally depen-
dent: Totally dependent and helpless, bedridden.

Among these, 3 had discontinued any dopaminergic
medication by their month 12 visit, but another 7 patients
had started taking dopaminergic medication between
their initial evaluation and their month 12 visit. Also, 32
patients (48%) were taking medication for postural hy-
potension at their initial evaluation, with 2 patients dis-
continuing and 5 patients starting medication for postural
hypotension between their initial evaluation and month
12 visit. About one-third reported a sustained benefit
from Levodopa at enrollment, but nearly equal numbers
either had no Levodopa benefit (31%) or never received
Levodopa (31%). For the 26 patients who had benefit
from Levodopa, the average number of years of benefit
was 3.3 (SD = 2.1). The average maximum Levodopa
dose reported at the initial evaluation was 664.9 mg/day
(SD = 453.5).

At enrollment, the majority of patients (63%) reported
at least some dependency on others for their daily chores,
and 6% were totally dependent. After 12 months, 78%
reported at least some dependency for their daily chores
[more dependent: n = 18 (27%); very dependent: n = 27
(40%); totally dependent: n = 7 (10%)].

Potential Outcome Measures

All of the potential outcome measures except for the
SF36-MH score (P = 0.09) showed a significant decline
(Wilcoxon signed rank tests all P-values < 0.001) in
health (Table 2). For all scales, correlations between
initial evaluation and 12 month follow-up were high and
statistically significant (Spearman rank tests all P-val-
ues < 0.001). The percent of patients for whom the
scores indicated a decline in health over time varied from
55% (SF36-MH) to 81% (UMSARS-ADL + ME). Of
note, average UMSARS-ADL and UMSARS-ME
change scores did not add up to average UMSARS-ADL
+ ME change scores, because UMSARS-ADL scores
were available for more patients than UMSARS-ME
scores.

A number of factors were evaluated regarding their
influence on disease progression, including gender, age
at enrollment, age at disease onset, education, MSA type,
disease duration, disability status (UMSARS) and base-
line scores. Decreases in SF36-MH scores were signifi-
cantly larger for older patients (P = 0.005, age = 66
versus <<66) and patients who were diagnosed later in
life (P = 0.04, age at onset = 60 versus <60). Patients
with higher baseline SF36-MH scores (indicating better
health) experienced a significantly larger decline in
SF36-MH scores (P = 0.03, baseline SF36-MH score =
53.6 versus <53.6). Of note, similar relationships were
borderline significant for the ME and SF36-PH Score.
None of the other factors (including MSA type) showed
a significant association with disease progression. Nor-
mality assumptions of the change scores were not sig-
nificantly violated except for the SF36-PH scale (P <
0.01, exclusion of one outlier resulted in P > 0.50).

Required sample sizes for a potential therapeutic trial
with 1 year follow-up were estimated for the UMSARS-
ADL, UMSARS-ME, UMSARS-ADL + ME and
SF36-PH scores as these showed a statistically signifi-
cant decline in health (Table 3). Sample size estimates
were determined for a 25, 33, and 50% reduction in
decline. The required sample sizes per group ranged
from 98 to 1,024 to achieve 90% power and from 73 to
765 to achieve 80% power. Specifically, 98 patients per
group were required to detect with 90% power a differ-
ence of 2.25 absolute points (Table 3, row 6) for the
UMSARS-ME score assuming that the UMSARS-ME
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TABLE 2. Characteristics of five scores measuring changes in health over time [except for p, results are presented as mean
(standard deviation)]

Initial Absolute Percent N (%)*** indicating
N evaluation Month 12 p* change™** change health decline

UMSARS-ADL 67 Mean (SD) 23.9(7.2) 27.0 (8.1) 0.79 3.1(5.0) 15.1 (24.6) 46 (68.7)
Median (IQR) 24.0 (9.0) 28.0 (11.0) 0.75% 3.0 (6.0)* 13.3 (26.1)

UMSARS-ME 57 Mean (SD) 24.0 (7.0) 28.5(7.2) 0.74 45(5.2) 23.8 (34.9) 45 (78.9)
Median (IQR) 24.0 (10.0) 29.0 (8.0) 0.72% 4.0 (6.0)* 16.0 (21.0)

UMSARS-ADL+ME 57 Mean (SD) 48.1(12.4) 55.3(13.2) 0.78 7.1 (8.5) 17.2(23.2) 46 (80.7)
Median (IQR) 48.0 (14.0) 55.0 (18.0) 0.78* 6.0 (10.0)* 13.0 (18.8)

SF36-PH 56 Mean (SD) 36.5(16.3) 29.8 (16.6) 0.71 —6.8 (12.6) —15.9(31.4) 37 (66.1)
Median (IQR) 36.6 (22.6) 27.3 (17.6) 0.73% —5.6 (16.9)* —17.9 (49.5)

SF36-MH 56 Mean (SD) 53.7(15.8) 50.7 (15.8) 0.69 —3.0 (12.5) —2.0(29.8) 31(554)
Median (IQR) 53.6 (21.4) 50.0 (21.4) 0.66" —1.8(19.6) —4.1(35.7)

UMSARS-ADL, Activities of daily living; UMSARS-ME, motor examination score; UMSARS-ADL+ME, sum of UMSARS-ADL and UM-
SARS-ME score; SF36-PH, SF-36 overall physical health score; SF36-MH, SF-36 overall mental health score.

*p, Pearson correlation of initial evaluation and 12 month scores.

**Determined as the average of the difference between the outcome measure value at month 12 and the outcome measure value at the initial

evaluation.

***Determined as the number of patients with a score at month 12 that indicates worse health compared to the score at the initial evaluation.

“Spearman rank test P-value < 0.001.

score changes by 4.5 absolute points in the control group
(from 24.0 at the initial evaluation to 28.5 at 12 months).
In general, required sample sizes were above 150 per
group for the SF36-PH and the UMSARS-ADL scale
and were less than or close to 100 per group only for the
UMSARS-ME and the combined UMSARS-ADL + ME
scales if the observed effect represented a 50% reduction
in decline over 12 months. As the UMSARS-ME score
resulted in the smallest sample size per group, more
detailed estimates for various percent reductions in de-
cline are presented in Figure 1. For example, 203 patients
per group (total sample size of 406) were required to
achieve 80% power to detect a 30% reduction in UM-
SARS-ME score over 12 months.

As an example calculation estimating the sample sizes,
consider the estimated sample size of n = 73 for the
UMSARS motor examination for an effect size of 50%
and 80% power. For this setting, & = 2.25, p = 0.74,
Z(a/2) = z(0.975) = 1.960, z(B) = z(0.80) = 0.842, and
o = 7.2. As aresult, n = 2 X7.2%/2.25* [1 — 0.74%]
(1.960 + 0.842)* = 72.7.

DISCUSSION

This study demonstrated that all scores, except for the
SF36-MH score, reflected significant health decline in
MSA patients. As all measures appeared well correlated
over time, they were good candidates as outcome mea-
sures. A factor that strongly influences the required sam-

TABLE 3. Sample size estimates (per group) for ANCOVA analyses adjusting for baseline levels

Power
Month 12 Month 12 Diff* -
control treatment At 1 yr Percent** prEEE 90% 80%
UMSARS-ADL 26.23 0.77 25 863 645
27.0 25.98 1.02 33 0.79 496 370
25.45 1.55 50 216 162
UMSARS-ME 27.38 1.13 25 390 291
28.5 27.02 1.49 33 0.74 224 167
26.25 2.25 50 98 73
UMSARS-ADL+ME 53.50 1.80 25 433 33]
55.3 52.92 2.38 33 0.78 254 190
51.70 3.60 50 111 83
SF36-PH 31.48 —1.68 25 1024 765
29.8 32.01 —2.21 33 0.71 588 439
33.15 -3.35 50 256 192

*Defined as the difference after one year between the average value in the outcome measure in the treatment group and the average value in the

outcome measure in the control group.
**Change in treatment group relative to change in control group.

##%kn assumed correlation between initial evaluation and 12 month scores.

Movement Disorders, Vol. 22, No. 16, 2007
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FIG. 1. Required sample size (per group) for various effect sizes for
the Motor Examination score.

ple sizes is the amount of variability in a measure relative
to its absolute values (signal-to-noise ratio). In compar-
isons of the five scales with respect to their ability to
measure the decline in health over 12 months and in
comparisons of estimated required sample sizes, four of
the measures (UMSARS-ADL, UMSARS-ME, UM-
SARS-ADL + ME, and SF36-PH) were judged favor-
ably by the first criterion and among these four the
UMSARS-ME was most efficient by the second crite-
rion, but closely followed by the combined UMSARS-
ADL + ME score.

This is the largest prospective study thus far to exam-
ine outcome measures in MSA patients. The most rele-
vant existing information is based on a mixed study
population of possible and probable cases? or focuses on
patients with MSA-parkinsonism.?

One strength of this study is that the study population
consists entirely of patients with a diagnosis of probable
MSA. In fact, this is the first study to contrast disease-
specific and general scales with respect to their utility for
a therapeutic trial that relied on these more stringent
diagnostic criteria.

One of the limitations of this research is that a minimal
clinically important change!© has not been established for
MSA patients and thus was unavailable as a reference
point. The lack of significant differences in health de-
cline for different MSA types and age, for example,
could indicate either that there are no true significant
differences or that the sample size was not large enough
to rule out the possibility that chance accounted for the
observed differences. In addition, differences in health
decline for the classic MSA subtypes, MSA-P and
MSA-C, might not have been observed because of pro-

gression of both, parkinsonian and cerebellar symptoms
at the time of enrollment in some patients, designated
here as MSA-M, and could reflect comparable health
decline for later stages of the disease. Of note, if patients
who were reported as mixed MSA type were randomly
assigned to MSA-P and MSA-C in the same proportions
as the designated patients (80% MSA-P and 20%
MSA-C) and hypotheses tests involving MSA type were
repeated in sensitivity analysis (data not shown), results
and conclusions did not change. Also, improved esti-
mates of disease progression could be achieved by a
larger study population and longer follow-up. A longer
follow-up time, however, has the potential to bias the
results due to drop-out of patients who enter more ad-
vanced stages of the disease. Among the 67 patients, 6
have died and the diagnosis of MSA was confirmed by
autopsy. For patients without this neuropathological con-
firmation there is a potential for misdiagnosis. Neverthe-
less, as only patients with probable MSA are included in
this study, we expect the potential for misdiagnosis to be
less than for a population of possible MSA patients.
Another limitation of this research is it is not a popula-
tion based study in that patients are recruited from the
patient population of the study neurologists. As such,
results might not be generalizable to all US based MSA
patients.

Previous research has shown a faster disease progres-
sion for patients who had been diagnosed more recently.?
This result was not confirmed here, but might be ex-
plained by the large percent of possible MSA patients in
the previous study.

Considering only patients with a diagnosis of probable
MSA for a potential therapeutic trial has disadvantages
as well. Patients who are at an earlier stage of the disease
may benefit most from a therapeutic agent.>!! This in
turn may also reduce the number of patients that would
need to be included in a trial. On the other hand, misdi-
agnosis of MSA would be more likely within this patient
group, and this might diminish the benefits of a reduced
sample size. To avoid this, the use of surrogate markers
has the potential to assist such a study. These might
include CSF markers to make the earliest possible diag-
nosis!?-15; autonomic function tests such as the arginine
growth hormone stimulation test!®; and neuroimaging
methods.!7-20 All of these approaches have the potential
to improve the necessary sample size for a therapeutic
trial in MSA. Accordingly, our estimates of a required
sample size represent the most conservative scenario.

The choice of outcome measure for a therapeutic trial
in MSA patients should consider other factors as well.
For example, the severity of the disease might not allow
patients to return to the clinic for a follow-up exam, but
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UMSARS-ME scores require that a clinician examines
the patient in person. Thus, for a therapeutic trial the
possibility of home visits might need to be considered.
Alternatively, the design might need to take into account
differential drop-out if UMSARS-ME scores are used as
the primary outcome measure and home visits are
infeasible.

Randomization is standard for therapeutic trials and
can be expected to balance groups with respect to patient
characteristics when many trials are considered. For any
individual trial, balance across groups cannot be guaran-
teed if simple or block randomization is used. Factors
that show a potential for confounding treatment effects
might be candidates for stratified or adaptive randomiza-
tion. In this study, gender appeared to have a significant
and borderline significant effect if disease progression
was measured by the UMSARS-ADL and UMSARS-
ADL + ME scores, respectively. If either of these is used
as outcome measure, stratified or adaptive randomization
should be considered with respect to gender. In addition,
some of the measures showed significant or borderline
significant differences in decline depending on baseline
scores; thus, in addition to controlling for baseline scores
analytically, stratified or adaptive randomization might
also be considered for these.

The scores based on the disease-specific instrument
(UMSARS) were equal or superior to the scores based on
the SF-36 health survey for all three criteria that were
used to evaluate the scales as potential outcome mea-
sures. This is not surprising as the UMSARS was de-
signed to capture disease progression for a rare and
complex disease, and confirms the utility of this rela-
tively new instrument not only for observational studies,
but also for therapeutic trials. However, considering the
number of MSA patients that can realistically be re-
cruited into a US based therapeutic trial, this study shows
that potential interventions need to reduce the decline in
health by at least 50%.

APPENDIX

The North American Multiple System Atrophy Study
Group. Steering Committee—University of California at
San Diego: Clifford W. Shults, MD, Eliezer Masliah,
MD, Ron Thomas, PhD, Susanne May, PhD; University
of Michigan: Sid Gilman, MD; Parkinson’s Institute:
Caroline Tanner, MD, PhD; University of Washington:
Walter Kukull, PhD; University of Pennsylvania: Vir-
ginia Lee, PhD, John Trojanowski, MD, PhD; Mayo
Clinic, Rochester: Phillip Low, MD; University of Roch-
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ester: Ira Shoulson, MD; Albert Einstein College of
Medicine: Laurie Ozelius, PhD; Indiana University: Ta-
tiana Foroud, PhD.

Study Investigators (not listed as coauthors): Thomas
Chelimsky, MD, University Hospital of Cleveland.

Study Coordinators: Debra Berry, University of Roch-
ester; Marsha Burks, University of Michigan; Nancy
Zappala, University of Maryland; Toni Gehrking, Mayo
Clinic; Melissa Diggin, Boston University; Ernesto Jime-
nez, Baylor College of Medicine; Kathleen Comyns,
Parkinson’s Institute; Mary Lloyd, Pennsylvania Hospi-
tal; Deborah Fontaine, University of California at San
Diego.
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