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Disease Progression in
Multiple System Atrophy: The
Value of Clinical Cohorts with

Long Follow-Up

In their recent publication, Kühnel et al1 described the
progression of multiple system atrophy (MSA) in the
European MSA study group (EMSA-SG) cohort via an

innovative disease progression model (DPM). DPMs are
valuable longitudinal methods to describe MSA natural his-
tory while accounting for data uncertainty (delayed diagno-
sis, uncertain timing, heterogeneous staging).2 The mean
trajectories of clinical progression are described along the
homogeneous disease continuum (Fig. 1C) rather than the
observed time since diagnosis (Fig. 1A) thanks to a tempo-
ral recalibration of progression according to an individual
latent disease time, anchored to MSA disease stage at
inclusion.

The population characteristics and the length of individual
follow-up are critical in natural history studies and DPMs.
Kühnel’s study relied on 121 patients with rather advanced
stage, outdated diagnosis criteria, and short follow-up of
2 years.1,3 We replicated Kühnel’s analysis on repeated Uni-
fied MSA Rating Scale sum scores I (activities of daily living)
and II (motor examination) from the French MSA cohort4

(663 patients) with maximum follow-up of 11 years, consen-
sus diagnosis criteria,5 and early stages at entry (see Supple-
mentary Material Data S1 for details). MSA progression
spanned a larger period than in the original paper (Fig. 1C)
with mean time gaps at inclusion estimated at 3.6 and
9.1 years for moderately-dependent and helpless patients at
inclusion, respectively (Fig. 1B right panels); and significant
inter-patient differences (SD = 2.14 years). When restricting
the sample to 2.5-year follow-up, these differences were smaller,
especially among the most aggressively affected patients at
entry, with estimates of 2.5 and 6.6 years (Fig. 1B left panels)
and smaller inter-patient differences (SD = 0.79 years). This
suggests that studies restricted to short-term follow-up over-
estimate the progression rate and underestimate inter-patient
differences.

When applying DPMs, differences across stages should be
carefully interpreted. They do not quantify the expected
amount of time spent in each stage by a patient, but the time
gap between patients entering the study at different stages.
Estimating the duration spent in each disability stage requires
specific modeling of disability over time.

Furthermore, DPMs usually rely on strong assumptions
that may impact the results:

1. Sigmoid shape: based on generalized logistic func-
tion, progression trajectories are restricted to sig-
moids leading to suboptimal fit of the data
compared to data-driven approaches (see Data S1);

2. Conditional markers’ independence: individual
recalibration requires the assumption that the
latent disease time captures all the correlation
between markers, which may be unlikely in
practice;

3. Homogeneity of progression: DPMs assume a
unique mean profile of progression when sub-
phenotypes of clinical progression may exist4;

4. Non-informative death: death is assumed to be pre-
dictable by the observed course of the markers when
death caused by MSA may induce a more informa-
tive dropout to be jointly modeled.6

In conclusion, DPM constitutes a promising tool for
disease study, but it needs to be interpreted with
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caution and calls for less stringent assumptions. The
replication on the French MSA cohort highlights
the importance of describing MSA progression based
on long-term follow-up data and large cohorts to
prevent too pessimistic projections and underestima-
tion of sample sizes.
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Reply to Letter to the Editor:
“Disease Progression in

Multiple System Atrophy: The
Value of Clinical Cohorts with

Long Follow-Up”

We are pleased to read the letter by Saulnier and colleagues
related to our article “Disease Progression in Multiple System
Atrophy—Novel Modeling Framework and Predictive
Factors,”1 and we thank the authors for the impressive work
they have done to replicate and expand on our research in a
larger and more contemporary cohort.
As Saulnier and colleagues rightly point out, our study

relied on a cohort of 121 patients with a relatively advanced
disease stage and a limited follow-up period of 2 years. We
acknowledge these limitations and fully agree on the impor-
tance of both larger sample size and longer individual follow-
up duration for achieving high-quality estimates of the natural
history disease trajectory in multiple system atrophy (MSA).
The authors’ replication of our disease progression model-

ing using the larger French MSA cohort of 663 patients with
a follow-up period of up to 11 years estimated a longer dura-
tion of the MSA progression trajectory compared to our find-
ings. Although differences between the cohorts were limited in
terms of average baseline disease severity and symptom dura-
tion (5.4 years in the European MSA study cohort
vs. 4.5 years in the French MSA cohort), some differences are
to be expected due to other cohort differences (years in which
the study was ongoing, study locations, etc.). Interestingly, the

authors explored how restricting longitudinal follow-up data
to 2.5 years affected the estimates. The authors found that
restricting samples resulted in a compressed trajectory with
smaller interpatient differences compared to using long-term
follow-up data. Based on these findings, Saulnier and col-
leagues suggest that studies of restricted follow-up time could
overestimate progression rate and underestimate interpatient
differences, which we agree may be the case. Our disease pro-
gression model performs temporal recalibration on a latent
timescale, which requires a trade-off between the (vertical)
deviation from the estimated mean trajectory and the (horizon-
tal) deviation on the timescale. The trade-off is determined in a
fully data-driven approach based on the maximum likelihood
principle. When long-term patterns are not sufficiently clear in
individual patient-level trajectories, the model may prioritize
minimization of vertical differences over estimating temporal
patterns. One aspect of the estimation that was not addressed
by Saulnier and colleagues is the role of multiple outcome mea-
sures. In our study, we aligned patient samples using six differ-
ent outcome measures, whereas only two outcome measures
were used for replication in the French MSA cohort. Including
a greater number of disease-relevant measures increases the
number of observed data points per patient used to predict
their latent disease time, which could possibly alleviate some of
the issues related to shorter-term follow-up.

Saulnier and colleagues highlight four assumptions of dis-
ease progression models that may impact results, which we
would like to comment on:

i. Sigmoid shape may lead to suboptimal fits. Generalized
logistic functions provide a range of shapes that are natu-
ral candidates for modeling progressive phenomena. In
our modeling framework, the mean trajectories can easily
be modeled using functions with fewer shape constraints
such as splines to investigate the effect of the mean trajec-
tory shape on the fit. We acknowledge that other
approaches tomodelingmayprovide better fits to the data
but at the same time want to highlight that althoughmore
optimal datafitmay be useful for certain objectives, it does
not necessarily imply that the model produces greater
insight into the disease process (consider, eg, black-box
machine learning models). Finally, we want to note that
suboptimal fits of disease progression models is not a gen-
eral phenomenon. In both the EuropeanMSAnatural his-
tory study presently discussed and in the previous disease
progression modeling in Alzheimer’s disease,2 we have
found that parametric disease progression models out-
performed conventional linear mixed models in terms of
goodness-of-fitmeasures.

ii. Outcome measures may not be conditionally indepen-
dent on the recalibrated timescale. We agree that cor-
relations between the markers not relating to the
latent disease time are very likely (eg, a subject may
consistently overperform or underperform in a
domain captured across multiple outcome measures),
and modeling may improve the model fit. As demon-
strated in Kühnel et al,3 modeling correlations
between outcome measures is possible within the
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