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Background. Chronic migraine (CM) is associated with
high disability and heterogeneous response to onabotulinum-
toxinA (BoNT-A). Baseline clinical predictors of response re-
main inconsistent, limiting individualized treatment deci-
sions. Machine learning may improve prediction by integrat-
ing longitudinal treatment data. This study aimed to develop
sequential machine-learning models to predict BoNT-A re-
sponse in CM after successive treatment cycles under real-
-world conditions.

Methods. We performed a post-hoc analysis of a prospec-
tively collected cohort of adults with CM treated with BoN-
T-A according to the PREEMPT protocol at a tertiary hea-
dache center. Response was defined as a =30% reduction in
monthly headache days (MHDs) from baseline. Four sequen-
tial supervised classification models were trained to predict
response after cycles 1-4. Model 1 used baseline demograph-
ic and clinical variables only; models 2-4 progressively incor-
porated post-treatment MHDs and acute medication use af-
ter preceding cycles. Multiple algorithms were compared us-
ing stratified 5-fold cross-validation, with balanced accuracy
as the primary performance metric. Model performance was
assessed using accuracy, sensitivity, specificity, positive and
negative predictive values, macro-F1 score, and AUC-ROC.

Feature importance was evaluated using SHapley Additive
exPlanations.

Results. The baseline cohort included 385 patients with
CM; mean age was 48.1+13.1 years, 82.9% were female,
baseline MHDs were 25.4+5.9, and medication overuse was
present in 326/383 patients (85.1%). The number of patients
included decreased across models with 385 in model 1 and
161 in model 4. Baseline-only prediction showed limited per-
formance, with balanced accuracy of 0.60£0.03 and AUC-
ROC of 0.62£0.04. Incorporating early post-treatment data
markedly improved discrimination. Model 2 achieved bal-
anced accuracy of 0.82+0.04 and AUC-ROC of 0.88%0.01,
while model 3 showed the highest balanced accuracy,
0.84+0.04, and AUC-ROC of 0.87%0.03. Across longitudinal
models, on-treatment MHDs were the dominant predictors
of response.

Conclusions. Sequential machine-learning models incorpo-
rating early post-treatment headache-frequency data outper-
formed baseline-only prediction of BoNT-A response in CM.
These findings support dynamic, monitoring-informed predic-
tion models and require prospective external validation be-
fore clinical implementation.
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