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Abstract: BackgroundBackground: Multiple system atrophy (MSA) is a devastating disease characterized by a variable
combination of motor and autonomic symptoms. Previous studies identified numerous clinical factors to be
associated with shorter survival.
ObjectiveObjective: To enable personalized patient counseling, we aimed at developing a risk model of survival based on
baseline clinical symptoms.
MethodsMethods: MSA patients referred to the Movement Disorders Unit in Innsbruck, Austria, between 1999 and 2016
were retrospectively analyzed. Kaplan–Meier curves and multivariate Cox regression analysis with least
absolute shrinkage and selection operator penalty for variable selection were performed to identify prognostic
factors. A nomogram was developed to estimate the 7 years overall survival probability. The performance of the
predictive model was validated and calibrated internally using bootstrap resampling and externally using data
from the prospective European MSA Study Group Natural History Study.
ResultsResults: A total of 210 MSA patients were included in this analysis, of which 124 patients died. The median
survival was 7 years. The following clinical variables were found to significantly affect overall survival and were
included in the nomogram: age at symptom onset, falls within 3 years of onset, early autonomic failure
including orthostatic hypotension and urogenital failure, and lacking levodopa response. The time-dependent
area under curve for internal and external validation was >0.7 within the first 7 years of the disease course. The
model was well calibrated showing good overlap between predicted and actual survival probability at 7 years.
ConclusionConclusion: The nomogram is a simple tool to predict survival on an individual basis and may help to improve
counseling and treatment of MSA patients.

Multiple system atrophy (MSA) is a devastating, sporadic, and
rapidly progressive neurodegenerative disease with adult-onset
featuring a variable combination of parkinsonism, cerebellar
symptoms, and dysautonomia.1 Depending on the clinical pre-
sentation, two motor variants can be distinguished: MSA with
predominant parkinsonism (MSA-P) and MSA with predomi-
nant cerebellar symptoms (MSA-C).2 The course of the disease is

characterized by progressive motor and non-motor symptoms
that lead to marked disability over time. Survival analyzes from
retrospective, prospective, and postmortem studies reported a
highly variable median survival of 6 to 10 years from symptom
onset. Older age at onset, severe and early autonomic failure
(AF) were frequently reported as predictors of shorter sur-
vival.1,3,4 In addition, various features, including stridor,5,6 female
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gender,7 parkinsonian presentation,8–11 early falls,12 dysphagia,13

rapid eye movement sleep behavior disorder predating symptom
onset,14 and poor levodopa response,15 have been discussed as
predictors of poor outcome. In contrast, despite some discrep-
ancies, a more favorable prognosis has been reported in
patients with late-onset autonomic failure,16,17 cerebellar
MSA-type,8,18 and female gender.19,20 Nevertheless, there is
still an urgent need for tools to enable individualized prognos-
tic counseling in MSA patients. In oncology, nomograms
based on clinical characteristics have been developed to
advance personalized medicine and facilitate treatment deci-
sions.21 The first nomogram to predict survival in MSA was
published in 201822 and included a cohort of 220 patients rec-
ruited from a single center in southwest China. The aim of
the present study was to develop an applicable survival risk
model for European MSA patients and evaluate the accuracy
of the model in an independent cohort. The nomogram is
based on the Innsbruck Multiple System Atrophy Registry
(IMSAR) cohort and its predictive performance was evaluated
in an independent European MSA cohort.9

Methods
Study Population
Medical records of MSA patients referred to the Movement
Disorders Unit in Innsbruck, Austria, between January 1999
and December 2016, who were examined by movement disor-
ders specialists throughout their disease course, were retrospec-
tively analyzed. Patients who met the consensus diagnostic
criteria2 of probable or possible MSA-P or MSA-C at the last
examination were included. Patients with inadequate data doc-
umentation were excluded. This study was approved by the
Institutional Review Board of the Medical University of Inns-
bruck (AN2015-0224 353/4.15400/5.3 [4449a]) and was con-
ducted in accordance with the Declaration of Helsinki.
Because of the retrospective study design, informed consent
was not obtained. A prospective European observational study
of 141 MSA patients was used for external validation. Details
of the results and methodology of this cohort are presented
elsewhere.9

Clinical Measures
Based on previous literature reports, the following clinical vari-
ables were included in our analysis: clinical phenotype, gender,
age at symptom onset, manifestation of motor and/or auto-
nomic symptoms at symptom onset, early falls, and subjective
response to levodopa. Symptom onset was defined as the time
of the first patient-reported symptom attributable to MSA.
The occurrence of either parkinsonism or cerebellar signs was
determined as motor onset. Symptoms of orthostatic hypoten-
sion (OH), including dizziness, lightheadedness or syncope on
standing, and/or urogenital symptoms such as urinary urgency,

urinary incontinence, incomplete bladder emptying, or erectile
dysfunction in men were defined as autonomic onset. Auto-
nomic failure including symptoms of OH and urogenital
dysfunction was classified as “early” if these features occurred
before or within 1 year of the onset of motor symptoms.
Catheterization was classified as “early” if patients required
urinary catheterization within the first 3 years after the onset
of initial symptoms because of severe incomplete bladder
emptying.12 Erectile dysfunction was accepted as autonomic
failure only if it was followed within 12 months by urinary
dysfunction. Good response to levodopa was defined as a
patient-reported subjective improvement in motor function
after starting levodopa treatment. Falls that occurred once per
month and within 3 years of onset were considered as early
frequent falls.12,23

Statistical Analyzes
Patients with more than 1/3 of missing data were excluded
from further analyzes. The remaining missing data were
imputed using the nearest neighbors’ method. Once the five
nearest neighbors were determined, the mode was used to pre-
dict nominal variables and the mean was used for numeric data.
Descriptive statistics were performed using the t test or the
Mann–Whitney U test, depending on the distribution of the
data. χ2 or Fisher’s exact test were used for analysis of
categorical data.

Overall survival was defined as the interval between symptom
onset and death. The date of death was determined from death
certificates provided by Statistics Austria (www.statistik.at; Gug-
lgasse 13, 1110 Wien) and/or from medical records. Patients
with an uncertain vital status (eg, patients from foreign countries
and moved patients) who were lost to clinical follow-up were
censored at the last known date alive. Overall survival was esti-
mated using the Kaplan–Meier method and the log-rank test to
compare subgroups.

A penalized Cox’s proportional hazard model using least abso-
lute shrinkage and selection operator (LASSO) was used to con-
struct the prognostic model.24 Validation of the predictive
performance of the penalized Cox model was based on a
resampling method. For this purpose, bootstrap resampling was
used to validate the model internally and an independent data set
was exploited for external validation. The dataset for the inde-
pendent, external validation was derived from a prospective
European MSA cohort (EMSA) study.9 Calibration plots were
calculated to evaluate predicted and actual survival probabilities.
Analogous to model validation, internal calibration was per-
formed with the bootstrap method using all samples from the
IMSAR cohort and for external calibration from the EMSA
dataset. According to the estimated risk score, patients were split
in tertials into a low, intermediate, and high risk group. The log-
rank statistics was used to determine survival differences in the
three risk groups.

SPSS version 24.0 and the hdnom and rms package in R pro-
gramming software (version 3.3.3) were used to perform the
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statistical analyzes. P values below 0.05 were considered statisti-
cally significant.

Results
Demographic and Clinical Data
A total of 210 MSA patients from the IMSAR registry met the
inclusion criteria and were enrolled in this retrospective study.
According to the second consensus criteria, 82.9% (n = 174) of
the patients were diagnosed with probable MSA and 61.0%
(n = 128) presented with predominant parkinsonism. The
mean age at symptom onset was 57.8 (standard deviation [SD],
8.1) years. Autonomic failure as the first symptom was reported
in 48.5% (n = 100) of the patients and a subjective levodopa
effect was present in 91 (64.1%) of the patients. With regard to
the latter, a significant difference between the two subtypes
(MSA-P 75.0% vs. MSA-C 23.3% reporting subjective levo-
dopa response; P < 0.001) has been observed with an overall
median duration of levodopa responsiveness of 36 months.
Apart from a significantly different distribution of male and
female patients between MSA subgroups (P = 0.014) and a
higher proportion of levodopa responsiveness in MSA-P, no
other significant differences in demographic data were found

between MSA subtypes. The demographic data are summa-
rized in Table 1.

Independent Prognostic Factors
in the Innsbruck MSA Cohort
In this cohort, 35 (16.7%) patients were lost to follow-up,
124 (59.0%) died and 51 (24.3%) were alive at the time of sur-
vival analysis. Median overall survival from symptom onset to
death was 84 months (IQR 63.5–108.0). Multivariate Cox
regression analysis (summarized in Table 2) identified the follow-
ing variables as independent risk factors for poor survival: older
age at onset (P = 0.0001), early falls within ≤3 years
(P = 0.0001), lack of levodopa responsiveness (0.037), and early
autonomic failure including early orthostatic hypotension symp-
toms (P = 0.002), early urogenital failure (P = 0.001) as well as
early catheterization ≤3 years (P = 0.002). MSA phenotype, gen-
der, and parkinsonism at symptom onset had no significant effect
on survival.

Prognostic Nomogram
For individualized prediction of 7 year overall survival, the nomo-
gram was calculated based on the results of the multivariate Cox
regression analysis. According to their regression coefficients, each

TABLE 1 Demographic and clinical data

Variable Overall MSA-P MSA-C P-value

No. (%) 210 (100) 128 (61.0) 82 (39.0)

Gender

Men, No. (%) 111 (52.9) 59 (46.1) 52 (63.4) 0.014a

Women, No. (%) 99 (47.1) 69 (53.9) 30 (36.6)

Diagnostic certainty

Probable, No. (%) 174 (82.9) 107 (83.6) 67 (81.7) 0.723a

Symptom onset and duration

Symptom onset, years (mean, SD) 57.8 (8.1) 58.2 (8.3) 57.1 (7.6) 0.184d

Early autonomic onset, No. (%) 100 (48.5) 62 (49.6) 38 (46.9) 0.706a

Age at death, years (mean SD) 66.6 (8.0) 67.3 (8.2) 65.2 (7.7) 0.778d

Disease duration, months (median, IQR) 84.0 (63.5–108.0) 77.5 (55.8–103.3) 84.0 (69.8–109) 0.931c

L-dopa treatment

L-dopa treatment, No. (%) 142 (67.6) 112 (87.5) 30 (36.6) <0.001a

Beneficial L-dopa response, No. (%) 91 (64.1) 84 (75.0) 7 (23.3) <0.001b

Duration of L-dopa benefit, months (median, IQR) 36.0 (12.0–48.0) 36.0 (18.0–48.0) 12.0 (6.0–18.0) 0.014c

Note: Data are No. (%), mean SD, or median (IQR), unless stated otherwise.
aBased on χ2-test (if all cells have 10 or more observations), significance level of 0.05 (two-tailed).
bBased on Fisher’s exact test (if any cell has fewer than 10 or more observations), significance level of 0.05 (two-tailed).
cBased on Mann-Whitney test with significance level of 0.05.
dBased on t test with significance level of 0.05.
Abbreviations: MSA-P, multiple system atrophy (parkinsonism subtype); MSA-C, multiple system atrophy (cerebellar subtype); SD standard deviation; IQR, interquartile
range; L-dopa, levodopa.
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identified clinical factor is scored and the cumulative total score is
assigned to the individual survival probability (Fig. 1). The predic-
tive performance and applicability of the nomogram was validated
internally and externally. The model performs well with an area
under curve (AUC) of 0.7 from the first to the fifteenth year in the

internal validation (Fig. 2A). The time-dependent AUC of the
external validation, as expected, is slightly worse and demonstrates a
clear difference in performance over time. It is high within the first
7 years and drops thereafter. Therefore, the model is most effective
in predicting overall survival up to 7 years of the disease (Fig. 2B).
Similar to model validation, internal and external calibrations were
performed and evaluated by plotting predicted probabilities (x-axis)
against actual (y-axis) survival probabilities. Although the calibration
curve of predicted overall survival deviates slightly from the opti-
mum 45� line, the two calibration curves (Fig 3A,B) showed a
good overall agreement. Based on the calibration results, patients
were additionally stratified into three risk groups (low
vs. intermediate vs. high). The Kaplan–Meier curves show signifi-
cant differences (P < 0.001) in survival between the three risk
groups (Fig 4A,B).

Discussion
In the present study, we developed and validated a risk model
for survival in MSA. Older age at onset, early frequent falls, early
and severe autonomic involvement, and lacking subjective levo-
dopa response were identified as significant predictors in this
model. These findings are consistent with previous reports

TABLE 2 Multivariate analysis of predictors selected by LASSO
regression procedure in the development cohort

Variable HR 95% CI P-value

Age at onset 1.75 1.33–2.31 0.0001

MSA subtype (MSA-C) 0.91 0.51–1.65 0.759

Gender (female) 1.02 0.67–1.55 0.935

Early falls ≤3 y (absent) 0.409 0.26–0.64 0.0001

Catheterization ≤3 y (present) 2.25 1.35–3.75 0.002

Dopa response (absent) 1.66 1.03–2.67 0.037

Early OH (present) 2.137 1.33–3.44 0.002

Early urogenital failure (present) 2.11 1.38–3.23 0.001

Parkinsonism at onset (absent) 1.03 0.62–1.74 0.898

Abbreviations: LASSO, least absolute shrinkage and selection operator; HR,
hazard ratio; CI, confidence interval; MSA-C, multiple system atrophy (cere-
bellar subtype); y, years; OH, orthostatic hypotension.

FIG. 1. Nomogram of 7 year overall survival. To use the nomogram, points are assigned to each risk factor. The total number of points
determines the 7 year survival probability. For example (red cross), according to the present model, a 58-year-old patient (age at onset
points: 44, pure motor presentation at onset points: 21) with MSA featuring parkinsonism with subjective levodopa responsiveness
(levodopa responsiveness points: 0) and symptoms of orthostatic hypotension (OH) (early OH points: 19) since 3 years has a 7 year
survival probability of �65% (total points: 84), warranting advanced care planning. In example 2 (blue circle), the survival probability is
worse. A 74-year-old women (age at onset points: 78, pure motor presentation at onset points: 0) with MSA featuring cerebellar features
since 4 years, experiences now symptoms of parkinsonism with no benefit to levodopa treatment (levodopa responsiveness points: 16).
She further reports autonomic failure with recurrent dizziness on standing and symptoms of urogenital failure with incomplete bladder
emptying requiring intermittent self-catheterization since 2 years (early OH points: 0, early urogenital failure points: 0, early
catheterization points: 34). The patient has a 7 year survival probability of �35% (total points: 128).
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showing that older age at symptom onset,7,12,25 severe12,25,26 and
early autonomic failure,7,12,22 early falls,12 and poor response to levo-
dopa15 are clinical features predicting poor survival. MSA phenotype
and gender were not identified as predictors, which is consistent with
other studies.12,22,25–28 Autonomic failure was present at symptom

onset in 48.5% of the patients. In 17.4%, urogenital symptoms were
severe and patients were dependent on a urinary catheter within the
first 3 years of symptom onset. Discrepancies in the frequency of
these symptoms have been reported in previous studies, possibly
because of methodological and statistical heterogeneity of the studies,

FIG. 2. Internal and external validation. Internal and external validation allows us to assess the model performance by time-dependent
area under the curve (AUC). The x-axis represents the estimated AUC for survival at the time of interest 2 (A) The time-dependent AUC of
the internal validation shows the mean (solid line), the median (dashed line), the 25% and 75% quantiles (dark interval), and the minimum
and maximum (light interval) from the first to the fifth year. The bootstrap-based (boot.time = 10) validation shows stable results. (B) For
the external validation, an independent data set was used, which seems to be stable between 1 and 7 years.
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the differences in the reporting of examined prognostic factors and
heterogeneous definitions of clinical variables.29

Although a number of positive and negative predictors of sur-
vival have been reported in several studies, this is, to the best of

our knowledge, the first visual scoring system developed for
MSA patients from European ancestry enabling personalized pre-
diction of clinical outcome. Such a survival nomogram may facili-
tate future patient counseling and personalized treatment

FIG. 3. Calibration curve of the nomogram. Calibration plots are shown for the derivation (A) and validation (B) cohort. The x- and y-axes
show the probability predicted by the nomogram and the actual overall survival. Both calibration curves show comparable performance
as their predicted overall survival probabilities are close to the observed overall survival probability. Blue line = nomogram observed
survival, gray line = perfect calibration.
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FIG. 4. Kaplan–Meier diagrams. The following Kaplan-Meier diagrams were derived from the internal (A) and external calibration (B) of our
model. Based on the predicted probabilities low, medium, and high-risk groups were calculated that differed significantly in the log-
rank test.
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approaches. For example, according to the present model, a
58-year-old patient with MSA featuring parkinsonism with subjec-
tive levodopa responsiveness and symptoms of orthostatic hypoten-
sion since 3 years, has a 7 year survival probability of �65%,
warranting advanced care planning. A similar nomogram was devel-
oped based on a Chinese MSA population.22 The derivation cohort
was obtained from a single-center involving 220 patients. The
results of this study were similar and demonstrated that autonomic
onset, frequent falls, OH, higher UMSARS (The Unified Multiple
System Atrophy Rating Scale) scores and a shorter diagnostic delay
were associated with poor prognosis. One of the strengths of the
present nomogram is the thorough validation of the model using
two distinct methods. Our nomogram was validated (1) internally
by bootstrap resampling and (2) externally using a data set from the
multicenter EMSA Natural History study.9 For durations longer
than 7 years, external validation was worse compared to the perfor-
mance metrics of the derivation cohort, indicating that the nomo-
gram is appropriate for evaluating survival probability within the
first 7 years. Second, the model’s performance was evaluated by
internal and external calibration, which was convincing from the
first to the fifteenth year and showed that the observed and the
predicted survival probability approached the optimum line.

Because of its rarity, insidious onset, and heterogeneous clini-
cal presentation, research on the prognosis of MSA is challeng-
ing.29 Therefore, several limitations have to be acknowledged.
First, the retrospective nature of the study carries the risk of inac-
curate reconstruction of the clinical course and lack of methodo-
logical uniformity. Therefore, a reporting bias cannot be
excluded. Second, patients were diagnosed according to the sec-
ond consensus criteria,2 which have a sensitivity of 92% for possi-
ble and 63% for probable MSA at the last visit.30 The diagnosis
was not confirmed neuropathologically, carrying the risk of mis-
diagnosis. Third, the derivation and independent cohort data
were obtained from European centers. Therefore, generalizability
to populations of other ethnicities is limited.

In conclusion, based on the Innsbruck MSA cohort, we have
developed a reliable tool to predict individual survival in MSA
and may support individual decision making in routine clinical
practice and clinical trial design. The nomogram is based on a
large patient cohort and its applicability and use were assessed by
independent, representative, multi-center MSA cohorts. Large
prospective studies are needed to confirm these results.
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