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Abstract
Background: The course of relapsing-remitting multiple sclerosis (RRMS), frequently 
preceded by the clinically isolated syndrome (CIS), is variable and challenging to predict. Given 
many treatment options available, prognostic algorithms are gaining importance in informing 
initial treatment decisions. However, to date, only a few externally validated exists. External 
validation, which involves the application of a model to independent data, is essential. Privacy-
preserving federated analyses of individual-level data facilitate external validation using 
clinical datasets that are typically difficult to access.
Objectives: Using data from the ProVal-MS study to externally validate the multiple sclerosis 
treatment decision score (MS-TDS), a predictive algorithm for early RRMS and CIS. The MS-
TDS predicts the probability of the occurrence of at least one new or enlarging T2 lesion within 
6–24 months following the onset of the disease and supports choosing between initiating 
platform treatment or a ‘wait-and-see’ approach. A secondary objective is to demonstrate 
the feasibility of privacy-preserving federated concepts within the Data Integration for Future 
Medicine (DIFUTURE) consortium.
Design: Prospective, multicentric, non-interventional cohort study (ProVal-MS) within 
DIFUTURE.
Methods: The calibrated MS-TDS was evaluated using the area under the receiver operating 
characteristic curve (AUROC) and the Brier score in both pooled and distributed settings. A 
decision curve analysis (DCA) was used to evaluate the net benefit of treatment decisions 
made by the MS-TDS in comparison to those made by treating neurologists.
Results: Of the 271 individuals diagnosed with CIS or early RRMS, 202 (78.2%) received 
platform treatment, while 59 (21.8%) did not receive treatment. The AUROC was 0.561 (95% CI: 
0.492–0.630) in the pooled analysis and 0.567 (95% CI: 0.496–0.634) in the distributed analysis. 
DCA demonstrated a net benefit that was commensurate with that achieved by decisions made 
by experienced neurologists.
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Conclusion: The external validation of the MS-TDS demonstrated low, non-significant 
predictive performance; however, it may serve as a useful complement, particularly for 
less-experienced neurologists. The distributed validation was found to be both feasible and 
compliant with data protection regulations.

Keywords:  DatatSHIELD, decision curve analysis, distributed/federated analysis, external 
validation, multiple sclerosis, patient preference, personalised medicine, privacy-preserving 
analysis, prognostic factors
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Background
The utilisation of a treatment decision score for 
relapsing-remitting multiple sclerosis (RRMS) is 
an emerging way to personalising the decision-
making process. The purpose of these scores is to 
provide a framework to assist patients and clini-
cians in determining the appropriateness of com-
mencing a disease-modifying treatment (DMT), 
and to consider individual disease characteristics 
and patient preferences. However, treatment 
decision-making in multiple sclerosis (MS) is 
complex, as illustrated in Figure 4 (right lower 
corner) of the article by Haki et al.,1 which high-
lights the multifaceted clinical considerations 
involved.1 Treatment decision scores are a means 
of integrating key clinical data and patient-spe-
cific factors to guide the decision about com-
mencing (or escalating) DMTs. However, a 
Cochrane systematic review concluded that exist-
ing prognostic algorithms in MS are not recom-
mended for clinical use, as they have not been 
externally validated.2,3

We developed an MS-treatment decision score 
(MS-TDS) to decide the most appropriate treat-
ment option between the alternative of the ‘wait-
and-see’ strategy versus treat with a platform 
treatment.4 The MS-TDS predicts the probabil-
ity of new or enlarging T2 lesions (T2L) within 
6–24 months after the initial cerebral MRI (cMRI) 
in individuals with newly diagnosed clinically 
isolated syndrome (CIS) or RRMS who are 
given a specific treatment option. The develop-
ment process was undertaken using monocen-
tric, retrospective data from 475 individuals 
collected during clinical routines. A total of 65 
MS-related predictors were included in the 

study, encompassing clinical, imaging and labo-
ratory features. The prognostic ability of the 
MS-TDS was assessed by internal validation, 
resulting in an area under the receiver operating 
characteristic curve (AUROC) of 0.624.

The objective of this study is to externally validate 
the MS-TDS using a prospectively collected 
independent dataset to demonstrating its general-
isability to a wider population. The data pre-
sented herein is derived from the ProVal-MS 
cohort study (German Clinical Trials Register 
ID: DRKS00014034),5 which is part of the 
DIFUTURE (Data Integration for Future 
Medicine) consortium (http://www.difuture.de). 
The DIFUTURE IT-infrastructure is character-
ised by its decentralised nature, manifested 
through the establishment of local Medical Data 
Integration Centres (meDICs).

We performed two analyses: the first utilised a 
centralised dataset in accordance with the princi-
ples of a standard pooled data analysis, and the 
second employed a federated algorithm based on 
differential privacy concepts. Such algorithms are 
designed to protect the confidentiality of sensitive 
medical data at the individual level. Furthermore, 
they can enable external researchers to analyse 
routinely collected clinical data in compliance 
with data protection regulations without requir-
ing individual consent.6,7 In the context of our 
federated approach, analysts do not have access 
to individual-level data; rather, they provide 
aggregated statistics, thereby preventing any 
inferences about single individuals.7–9 The results 
are then compared to those obtained through the 
traditional pooled strategy.

https://journals.sagepub.com/home/tan
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Methods

MS-TDS development population
The development of the model was based on a 
discovery population consisting of a retrospective 
monocentric cohort of individuals diagnosed and 
monitored as part of routine clinical practice at the 
Department of Neurology at the TUM University 
Hospital in Munich between 2008 and 2017. The 
study included individuals with early RRMS or 
CIS diagnosed according to the 2005 or 2010 
McDonald criteria. Individuals who were diag-
nosed with the condition more than 3 years prior 
to or more than 1 month subsequent to their initial 
cMRI were excluded from the study. The same 
applies to individuals who had received any treat-
ment 6 months before their first cMRI (defined as 
baseline) or earlier and to those whose second 
cMRI was conducted later than 32 months after 
baseline. Glatiramer acetate, interferon beta-1a 
and -1b, pegylated interferon beta-1a, dimethyl 
fumarate, and teriflunomide were classified as 
‘platform’ treatments. Twelve subjects who had 
been administered more efficacious DMTs, 
including alemtuzumab, cladribine, natalizumab, 
mitoxantrone or B-cell treatments, were excluded 
from the development of the MS-TDS. This 
resulted in a final sample size of 475. Individuals 
who switched medication were allocated to the 
treatment group of the DMT they received for the 
longest duration during the follow-up period. 
Definitions of predictors and outcomes in the dis-
covery cohort are described in Hapfelmeier et al.4

Predictors
Potential predictors were documented in the pro-
tocol of the ProVal-MS cohort. They included 
demographic information, diagnosis, symptoms 
at disease onset, the occurrence and symptoms of 
relapses and measures of both MS severity and 
functional assessment scores like the Expanded 
Disability Status Scale (EDSS), the Fatigue Scale 
for Motor and Cognitive Functions (FSMC), the 
Multiple Sclerosis Functional Composite 
(MSFC), and the Beck Depression Inventory 
(BDI-II). Furthermore, standard laboratory and 
cerebrospinal fluid (CSF) data were collected 
during routine examinations. The final model 
comprised 65 predictors. The modelled outcome 
was defined as the occurrence (yes/no) of T2L 
until 24 months since baseline, where the 
MS-TDS predicts the probability of the outcome 
within 6–24 months.

MS-TDS validation population
The validation cohort is based on the German 
prospective, non-interventional, diagnostic phase 
II multicentre ProVal-MS cohort study (German 
Clinical Trials Register ID: DRKS00014034). 
The participating centres are as follows: University 
Hospital Augsburg (UKA), LMU Hospital 
Munich, Ludwig-Maximilians University Munich 
(KUM), TUM University Hospital, Technical 
University of Munich (TUM), Eberhard Karl 
University, Tübingen (UKT) and Ulm University 
Medical Center (UKU).

ProVal-MS is an ongoing study conducted with 
the primary objective of validating MS-TDS. The 
study commenced on 6th March 2019 and com-
prised untreated individuals diagnosed with CIS 
or early RRMS (in accordance with the McDonald 
2017 diagnostic criteria), aged 18–60 years, with 
a disease duration of no more than 2 years.5 The 
analysis included individuals who had completed 
the 24-month visit prior to 1 June 2024 (see 
Figure 1).

ProVal-MS was designed to collect data within 
routine clinical practice from standard clinical doc-
umentation systems at each site. In order to har-
monise data collection across sites, a core dataset 
was developed. This dateset defined required vari-
ables in accordance with internationally recognised 
documentation guidelines for MS. Laboratory and 
CSF values were harmonised using percentile 
matching to align the data from the discovery pop-
ulation. The transfer of data to local databases was 
facilitated by the meDICs, utilising the open-
source software Data Integration System (https://
www.bitcare.de).10

The implementation of uniform data quality con-
trols was conducted at each site. In order to vali-
date the MS-TDS, predictors were assessed at 
baseline, and the outcome was measured by 
cMRI performed at 6 and 24 months after base-
line with an optional scan at month 12. The study 
protocol for the ProVal-MS study has been 
published.5

Outcome definition and imaging analysis
The MRI acquired at the 6-month visit was des-
ignated as the baseline scan, while the MRI 
obtained at 24 months served as the follow-up 
scan. The progression of lesions in cMRI during 
this period was dichotomised in order to define 
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the study outcome as present or not. The final 
outcome was determined through a consensus 
rating by two experienced, board-certified neuro-
radiologists who were blinded to the individual 
patient data. Their assessment was based on two 
sources: first, all routine radiology reports of fol-
low-up cerebral MRIs; and second, an independ-
ent evaluation of longitudinal subtraction 
images.11 In instances of discrepancy, both neu-
roradiologists conducted a comprehensive review 
of the raw imaging data, individual reports and 
subtraction images.

New lesions were defined as hyperintense areas in 
FLAIR sequences, hypointense in T1-weighted 
imaging, with a minimum diameter of 3 mm along 
the longest axis. Lesions demonstrating enlarge-
ment were considered new if a distinct compo-
nent had newly emerged and exceeded 3 mm in 
its largest dimension. Slowly expanding lesions 
(SELs) with a diameter increase of less than 2 mm 
were not classified as new. Subtraction images 
were generated using double inversion recovery 
(DIR) sequences, following the methodology 
described by Eichinger et al.11 In instances where 
DIR sequences were not available at either the 
baseline or the follow-up, FLAIR images were 
utilised for subtraction analysis.

For the distributed analysis, the outcome  
was determined at each site by the local 
neuroradiologists.

Primary statistical analysis
The MS-TDS is derived from a random forest 
model built upon a fully parameterised Cox pro-
portional hazards model.4 The algorithm was 
applied to the data of eligible ProVal-MS study 
subjects. The score is used to estimate the prob-
ability that a person with a specific set of charac-
teristics (predictors) and treatment will develop at 
least one T2L between 6 and 24 months after first 
cMRI, assuming no T2L occurred within the first 
6 months: P T T X M6 , ,< < >( )24 6| ,  where T  
is time in months, X  are the individual predic-
tors and M  is the given medication. A lower pre-
diction score from the MS-TDS model for a 
patient with data X  and medication M1 compared 
to the score under treatment M2 indicates a lower 
risk of T2Ls under M1, suggesting that M1 treat-
ment is more beneficial for an individual as M2.

The sample size calculations of the ProVal-MS 
study indicated that 188 individuals (94 with at 
least one T2L and 94 without) are required to 
reject the null hypothesis of an AUROC ⩽  
0.7, while testing the alternative hypothesis 
(AUROC = 0.8) with 80% power and a type I 
error rate of 5%.5

As delineated in the ProVal-MS protocol,5 the 
calibration curve employing logistic regression, 
the area under the receiver operating characteris-
tic curve (AUROC), and the Brier score (with 
confidence intervals (CIs) derived using boot-
strap with 1000 iterations) were calculated. The 

Figure 1.  Flowchart.
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Brier score is defined as the mean squared differ-
ence between the predicted probability of an 
event occurring and the actual outcome. This 
phenomenon is indicative of both discrimination 
and calibration. A Brier score of 0.25 is achieved 
when all predicted probabilities are 50%, irre-
spective of the true outcome. The score is 0 when 
predictions are exactly aligned with the actual 
outcomes. To illustrate, consider a prediction of 
100% for events (e.g. at least one new/enlarged 
T2L) and 0% for non-events. In the worst-case 
scenario, the Brier score attains a value of 1, 
where events are invariably predicted with a prob-
ability of 0% and non-events with 100%. It is 
important to note that all analyses described in 
this article are based on the calibrated MS-TDS.

Analyses were performed with the pooled data 
and additionally using distributed data. Distri
buted analyses were performed using the 
DataSHIELD framework,8,9 with the dsBinVal 
DataSHIELD R-package being applied in order 
to determine the AUROC derived by ROC-glm 
estimation strategies.12 The necessary IT infra-
structure was provided by the meDICs within the 
DIFUTURE consortium. A comparison of the 
AUROC and calibration parameters between 
centralised and distributed analysis is of interest 
in order to prove the feasibility of a distributed 
approach. The MS-TDS has the capacity to man-
age missing values. However, given that the 
ROC-glm algorithm employed to derive a distrib-
uted AUROC is unable to accommodate missing 
values, the mice R-package13 was employed to 
generate a single imputed dataset at each study 
site, thereby enabling the distributed analysis.

Decision curve representing benefit  
of using the MS-TDS
Vickers decision curve analysis (DCA) is a meth-
odological approach that is utilised for the evalu-
ation and comparison of the clinical usefulness of 
prediction models. In contrast to conventional 
metrics such as sensitivity or AUROC, DCA 
takes into account a risk threshold set by each 
individual who has been consulted by their treat-
ing physician. These thresholds reflect the point 
at which a person with a certain disease perceives 
the potential harm of treatment to be equal to the 
harm caused by the disease itself. Consequently, 
DCA assists in identifying the prediction strategy 
that offers the optimal overall benefit. In sum-
mary, the DCA allows us to quantify whether 

using a model leads to better decisions in prac-
tice, considering harms and benefits.14 The DCA 
was applied to both the MS-TDS and the treat-
ment decisions made by MS experts, as docu-
mented in the ProVal-MS dataset. Further details 
on the method and the interpretation of the DCA 
can be found elsewhere.14

Causal considerations
The appendix presents a discussion of the results 
following causal strategies and reflecting consid-
erations, which were also reported in the original 
paper4 but were not mentioned in the ProVal-MS 
protocol.5

Software
The execution of all pooled analyses was con-
ducted utilising the statistical software R version 
4.2.2. Depending on the study centre (for details 
on the study population see section “MS-TDS 
validation population”), the following software 
was utilised: DataSHIELD R packages dsBase 
version > 6.3.0 and dsBinVal version 1.0.2, and 
Opal servers with installed software version > 4. 
The large language model ChatGPT version 
GPT-4, provided by OpenAI, and DeepL pro 
advanced + write Pro was employed for the pur-
pose of language polishing.

Reporting guidelines
The TRIPOD guidelines for prognostic model 
validation15 were followed to ensure transparent, 
complete and reproducible reporting of the exter-
nal validation of the MS-TDS. The correspond-
ing checklist is provided in the Supplemental 
Material.

Results
The ProVal-MS study comprised 418 individuals 
diagnosed with early RRMS or CIS. The data 
were collected from routine clinical practice at 
five participating hospitals. The LMU Hospital 
Munich, Ludwig-Maximilians University Munich 
(KUM) with 99, the TUM University Hospital 
Munich with 116, the Eberhard Karl University, 
Tübingen (UKT) with 71, the University Hospital 
Augsburg (UKA) with 77, and the Ulm University 
Medical Center (UKU) with 55 participants. A 
total of 147 subjects were excluded from the anal-
ysis (see Figure 1). In the case of five subjects, the 
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consent was either not present or had been 
revoked. Another 39 subjects were excluded from 
the analysis due to missing data concerning diag-
nosis or medication, incomplete follow-up visits, 
or incorrect date entries. A total of ten subjects 
were excluded from the study due to the fact that 
their expected 24-month follow-up visit was 
scheduled to take place after May 2024. Finally, 
65 subjects were excluded on the basis that they 
had received a non-platform DMT, and a further 
28 were excluded due to a missing outcome.

Tables 1 and S1 present the above defined T2 
lesion outcome measure and the MS-TDS predic-
tors. In this study, no treatment was administered 
to 59 (21.8%) patients, while 212 (78.2%) patients 
received platform medication. The discovery 
cohort included 198 untreated (41.7%) and 277 
treated (58.3%) individuals.4 In the validation 
cohort, 97% of subjects diagnosed with RRMS 
and 3% with CIS were treated, compared to 74% 
RRMS versus 26% CIS in untreated individuals. 
In the discovery cohort, the proportion of subjects 
diagnosed with RRMS was found to be 54.5% in 
the treated group, in comparison to 43.8% in the 
untreated group. In the discovery cohort, the total 
T2 lesion count was found to be balanced 
(median = 7 and interquartile range (4–11) and 8 
(4–11)) between treated and untreated individu-
als. However, in the validation cohort, this was 
not the case: the median was 13.0 (5–27) in 
untreated versus 17.5 (9–37) in treated. In the 
validation cohort, 41% of untreated cases exhib-
ited at least one new or newly enlarged T2 lesion, 
compared to approximately 46% of treated cases. 
A number of statistically significant differences 
were identified between the study arms of the vali-
dation cohort with regard to the diagnosis, CSF 
cell number and relapse counts (±3 months from 
baseline and 2 years before study participation).

In comparison to the discovery cohort, where new 
or newly enlarged T2 lesions occurred in 77.3% 
of untreated individuals and 84.3% of treated 
individuals, the observed rates in the validation 
cohort were lower (see paragraph above). As 
demonstrated in Table S2, a marginal difference 
in outcomes is observed between centres 
(p = 0.06). A number of significant differences 
were observed across sites in several variables, 
including T2 lesion locations, the presence of oli-
goclonal bands, the 25-foot walk test, certain 
EDSS components and total EDSS, the number 
of relapses in the 2 years prior to baseline, specific 

relapse symptoms, and paresis as the first 
symptom.

As demonstrated in Figure S1, the calibration 
plot of the MS-TDS exhibits a systematic overes-
timation of the T2L probability (T2LP), necessi-
tating recalibration. As demonstrated in Figure 2, 
the recalibrated result yielded a slope of 1 (95% 
CI: −0.05 to 2.05) and an intercept of 0 (−0.24 to 
0.24). As demonstrated in Figure 3, the AUROC 
indicates marginal discrimination ability between 
individuals with and without T2Ls (0.561; 95% 
CI: 0.492–0.630). The Brier score yielded a value 
of 0.244 (95% CI: 0.236–0.253), which can be 
interpreted in a similarly manner. Across sites, 
the AUROC was found to range from 0.521 to 
0.617 (CIs in Figure S2). The respective local 
Brier scores were found to be between 0.23 and 
0.24. The AUROC derived from the distributed 
analysis is 0.567 (95% CI: 0.496–0.634) and the 
Brier score is 0.23, respectively. Figures S3 and 
S4 illustrate the AUROC and calibration curve of 
the distributed analysis, respectively.

The DCA is presented in Figure 4. The findings 
indicate that, across a broad spectrum of assumed 
levels of T2LP as depicted on the x-axis, adher-
ence to the MS-TDS recommendation (illustrated 
by the purple curve) yields the optimal net benefit. 
The net benefit associated with expert-based treat-
ment decisions is comparable, but tends to be 
lower, particularly when the perceived T2LP is 
below 42%. In light of these findings, MS-TDS 
recommendations have the potential to inform 
treatment decisions. In instances where the indi-
vidual risk of treatment-related complications is 
deemed to be lower than the consequences associ-
ated with a T2LP of 42%, the initiation of plat-
form treatment is recommended. Conversely, if 
the perceived risk of complications exceeds the 
consequences corresponding to a T2LP of 47%, a 
‘wait-and-see’ strategy may be considered. When 
T2LP falls between 42% and 47%, the MS-TDS 
recommendation yields the highest net benefit 
compared to the other strategies examined. 
Nevertheless, the added value of this approach is 
low, and treatment decisions remain inconclusive.

Discussion
The objective of this study was to undertake the 
external validation of the MS-TDS using quality-
checked data from the observational, non-inter-
ventional, prospective ProVal-MS cohort study, 
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Table 1.  Table of characteristics.

Characteristica No medication N = 59b Platform medication N = 212b p-Valuec

Basic characteristics  

Age (years) 30 (25–38)/NA: 0 31 (25–38)/NA: 0 >0.9

BMI (kg/m2) 23.8 (21.0–26.6)/NA: 0 25.2 (21.8–29.0)/NA: 0 0.060

Nicotine abuse/yes/no/former 22 (37%)/25 (42%)/12 (20%)/NA: 0 62 (29%)/111 (52%)/39 (18%)/NA: 0 0.4

Diagnose/CIS/RRMS 15 (26%)/43 (74%)/NA: 1 7 (3.3%)/205 (97%)/NA: 0 <0.001

Outcome  

outcome/No new or enlarged T2 
lesion/At least one new or enlarged 
T2 lesion

35 (59%)/24 (41%)/NA: 0 115 (54%)/97 (46%)/NA: 0 0.5

T2 lesion location  

cMRI-spec-periv/FALSE/TRUE 2 (3.6%)/53 (96%)/NA: 4 8 (3.9%)/196 (96%)/NA: 8 >0.9

cMRI-spec-subc/FALSE/TRUE 6 (11%)/50 (89%)/NA: 3 25 (12%)/178 (88%)/NA: 9 0.7

cMRI-spec-total 7 (4–11)/NA: 3 8 (4–11)/NA: 7 0.4

Blood values  

Urea (mg/dL)* 12.50 (11.54–16.00)/NA: 7 14.00 (11.54–15.00)/NA: 17 >0.9

TSH (mclU/mL)* 1.87 (1.36–2.45)/NA: 5 1.87 (1.62–2.45)/NA: 15 >0.9

Monocytes (%)* 8.58 (7.00–9.00)/NA: 5 8.00 (7.00–9.00)/NA: 8 0.6

CSF values  

Quotient Albumin* 6.13 (5.18–6.49)/NA: 17 5.69 (4.50–7.10)/NA: 29 0.4

Oligoclonal bands/negative/
borderline/positive

6 (14%)/1 (2.3%)/36 (84%)/NA: 16 11 (6.0%)/7 (3.8%)/164 (90%)/NA: 30 0.2

Quotient IgA/Albumin* 0.29 (0.27–0.36)/NA: 27 0.30 (0.27–0.38)/NA: 51 0.6

MSFC  

25-Foot Walk test 4.00 (3.70–4.60)/NA: 1 4.20 (3.90–5.00)/NA: 0 0.4

Relapse symptoms  

Other symptoms/FALSE/TRUE 53 (90%)/6 (10%)/NA: 0 173 (82%)/39 (18%)/NA: 0 0.13

p-Values < 0.1 are bold; p-values < 0.05 are marked in bold italics.
aFifteen most important factors (see Figure 4 of the original publication of Hapfelmeier et al.) predicting probability of new/newly enlarged T2 
lesions by the multiple sclerosis treatment decision score. All predictors are presented in Table S1.
bMedian (Q1–Q3); n (%).
cWilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test.
*To harmonize these variables across sites, we first calculated the percentile of each value. We then determined the corresponding percentiles for 
the same variable in the training dataset. Each value was subsequently matched to the value in the training dataset with the closest percentile. The 
matched training-value was then used for all further analyses.
BMI, body mass index; CIS, clinically isolated syndrome; cMRI, cerebral magnetic resonance images; CSF, Cerebrospinal fluid; EDSS, Expanded 
Disability Severity Scale; IgA, Immunoglobulin A; IQR, interquartile range; MSFC, MS functional composite; RRMS, relapsing-remitting multiple 
sclerosis; TSH, thyroid-stimulating hormone.
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which examined individuals with recently diag-
nosed CIS or early RRMS. The Proval-MS 
cohort is a clinical cohort based on tertiary 

treatment centres. In this study, the occurrence of 
new or newly enlarged T2 lesions was utilised as 
a surrogate endpoint for disease outcome.

Figure 2.  Re-calibrated calibration curve of the MS-TDS. The grey line shows a locally estimated scatter plot 
smoothing line (LOESS) with 95% confidence levels (shaded grey area). Red line indicates optimal calibration. 
The predicted probabilities of at least one new or enlarging T2L between months 6 and 24 after baseline were 
between around 25% and 60%. The re-calibrated MS-TDS is well calibrated for T2L probabilities below 55%. 
Predicted and observed outcomes show good agreement.
MS-TDS, multiple sclerosis treatment decision score; T2L, T2 lesion.

Figure 3.  Area under the receiver operating characteristic curve (AUROC). The multiple sclerosis treatment 
decision score does not discriminate well between persons with relapsing-remitting multiple sclerosis with 
and without new or newly enlarged T2 lesions.
AUC, area under the curve.

https://journals.sagepub.com/home/tan


S Buchka, A Hapfelmeier et al.

journals.sagepub.com/home/tan	 9

The MS-TDS demonstrated a marginal ability to 
distinguish between individuals with and without 
T2Ls, with the occurrence of T2Ls materialising 
within a period of 6–24 months following the 
baseline assessment (AUROC = 0.561; 95% 
CI = 0.492–0.630, Brier score = 0.244; 95% 
CI = 0.236–0.253). An AUC close to 0.5 and a 
Brier score of approximately 0.25 indicate poor 
discrimination between individuals with RRMS 
with and those without new/enlarged T2 lesions, 
thus limiting clinical applicability. The 95% CI of 
the external validation also encompasses the 
AUROC as reported in the original publication 
(AUROC = 0.624).4 These values align with 
AUROC values not exceeding 0.7, as reported for 
existing predictive models in the literature, which 
demonstrated a low risk of bias.16–19 Despite the 
low discriminative ability of the MS-TDS, a qual-
itative positive trend towards a general treatment 
benefit was observed when participants would 

have followed MS-TDS recommendations (see 
Figures S5–S7). While the observed benefit is 
modest, the results suggest that the treatment 
decisions made by the treating physicians were 
well-founded (Figure 4).

As the demand for external validation continues 
to grow,2,3 access to relevant data becomes 
increasingly important. Routinely collected study 
data, such as that provided by initiatives such as 
the Medical Informatics Initiative in Germany 
(Medizininformatik Initiative, MII) including 
DIFUTURE or the French Multiple Sclerosis 
Observatory (Observatoire Français de la Sclérose 
en Plaques, OFSEP – https://www.ofsep.org/en), 
represent a valuable resource for this purpose. In 
the context of external validation, the utilisation 
of individual patient data from clinical trials, as 
made available through designated sharing plat-
forms (VIVLI, CSDR, YODA),20 has been 

Figure 4.  The figure illustrates a DCA following the approach by Vickers and colleagues. DCAs estimates the 
clinical value of prediction models by quantifying the net benefit across a range of threshold probabilities. 
Net benefit combines true positives and false positives into a single metric, allowing comparison between 
strategies while accounting for the relative harm of unnecessary treatment versus disease progression. The 
threshold probability represents the individual risk level at which treatment would be considered appropriate, 
based on the patient’s preferences regarding potential benefits and harms, in consultation with the physician’s 
clinical judgment. DCAs applies this personalised threshold to evaluate which treatment decision strategy 
yields the highest net benefit for a given patient. Here, the net benefit of initiating platform treatment under 
four different strategies are compared: treating all patients (red graph), treating none (green graph), treatment 
decisions made by physicians in the ProVal study (blue graph), and a hypothetical treatment decision based on 
the MS-TDS (purple graph). The x-axis represents the threshold probability (at least one new/newly enlarged 
T2 lesion – T2L – between months 6 and 24 after baseline): for each value along the axis, the strategy with the 
highest net benefit is considered optimal. The blue interval indicates the range of T2L probabilities predicted 
by the MS-TDS in the ProVal population. MS-TDS shows marginally better net-benefit compared to treating all, 
treating non, and physicians’ decisions.
DCA, decision curve analysis; MS-TDS, multiple sclerosis treatment decision score; T2L, T2 lesion.
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proposed as a potential approach. Consequently, 
this study also validated the MS-TDS using data 
protection-compliant distributed analysis algo-
rithms via DataSHIELD and the BinVal 
R-package.12 The distributed analysis yielded 
results that were comparable to those of the 
pooled analysis. The utilisation of federated pri-
vacy-preserving algorithms has the potential to 
enable the use of individual data for privacy-pro-
tected analyses, such as external validations.

As previously discussed in our work on the gen-
eration of the MS-TDS,4 difficulties have already 
been discussed in relation to the utilisation of 
data from routine clinical practice. Additional 
limitations were observed during the process of 
the validation. While the potential predictive 
value of the MS-TDS for patients receiving high-
efficacy DMTs was not assessed in the validation 
cohort, this reflects a known limitation of the 
MS-TDS itself rather than of our study. This 
study was designed with the sole objective of vali-
dating the MS-TDS as originally developed, and 
it was not conceived for this particular purpose. 
The study’s design and setting provide a frame-
work for the validation of alternative TDS 
approaches, including those that address this par-
ticular question. The development of a TDS is 
predicated on data from randomised trials, and as 
such, the process is not without its advantages 
and disadvantages. In the context of a randomised 
clinical trial, the selection of treatment is not 
influenced by confounding factors. However, this 
may not be representative of the application of 
MS-TDS in a care setting, where treatment deci-
sions are made with consideration for the indi-
vidual disease course.21 In order to address 
potential biases resulting from an observation 
study design, causal analyses are provided that 
reduce bias created by the existence of confound-
ing for the treatment choice (see Figures S5 and 
S6). A further strength of this article is the use of 
high-quality clinical cohort data for external vali-
dation. The study is deemed to fulfil all current 
methodological requirements. A limitation of this 
study is the loss of clinical data due to issues aris-
ing in routine clinical practice. Notably, the high 
rate of missing values in CSF-related variables, 
which were identified as an important prognostic 
factor during the MS-TDS development,4 may 
have had an impact on the prognostic evaluation 
metrics. The distribution of data collection across 
the five participating centres was characterised by 

site-specific clinical data entry systems and IT 
infrastructures, which resulted in delays and 
necessitated complex data harmonisation strate-
gies. Notwithstanding the implementation of 
inverse probability treatment weighting (IPTW), 
the absence of randomisation has the potential to 
hinder the unbiased estimation of treatment 
effects and benefits, thereby constraining the 
validity of counterfactual analyses (see Figures S5 
and S6). This is attributable to the presence of 
potentially unmet and unverifiable assumptions 
that underpin the framework, as discussed in the 
Supplemental Material.

In summary, this study makes several significant 
contributions to the field.

It is the first to provide state-of-the-art validation 
of a TDS.

The validation of a developed TDS is successful 
when an independently collected cohort is used.

Third, the study provides individual-level data on 
CIS and early RRMS, which will serve as a basis 
for the future validation of new TDS approaches.

Conclusion
In summary, the findings of our study demonstrate 
that the treatment decisions made by MS experts 
were comparable with treatment recommendations 
derived by the MS-TDS. Furthermore, the study 
demonstrates that a distributed, privacy-preserving 
analysis strategy is compliant with data protection 
regulations and can be used to validate new prog-
nostic algorithms. This approach facilitates the 
execution of validation studies employing quasi-
anonymous routine clinical data, where the provi-
sion of informed consent is not obligatory, 
provided that ethical standards and data protec-
tion regulations are adhered to. Moreover, this 
study offers an external validation of the MS-TDS 
in the ProVal-MS cohort, a prospective multicen-
tre observational study in CIS and early RRMS. 
The 95% CI of the derived AUROC, utilised as a 
metric for prognostic quality, encompassed the 
AUROC reported in the original MS-TDS devel-
opment. Both are in the range of AUROC values 
from similar models which were reported in the 
literature and do not show high prognostic per-
formance. The utilisation of the MS-TDS to 
assess treatment benefit can be regarded as a 
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supplementary instrument in conjunction with 
clinical treatment decision-making. The rele-
vance of the MS-TDS can be described as fol-
lows: In instances where the perceived risk of 
treatment complications is deemed to be lower 
than the harm associated with a T2LP of 42%, 
platform treatment is recommended. In instances 
where the harm at a T2LP exceeds 47%, a watch-
ful waiting (no treatment) approach may be pre-
ferred. The MS-TDS may offer support for 
decisions within the range of 42% to 47%, but its 
added value is constrained.
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