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SUPPLEMENTARY MATERIAL 
Methods
Study Procedures
Patient-Reported Outcomes Measures (PROMs) were also collected: anxiety and depression in all participants, using the Spanish version of Beck Anxiety Inventory (BAI) (1) and Beck Depression Inventory II (BDI-II) (2) and, in the migraine cohort, variables of migraine disability and impact such as Migraine Disability Assessment (MIDAS) (3), and the Headache Impact Test 6 (HIT-6) (4). PROMs were collected at baseline and, in migraine participants, also in the follow-up visits.
MRI acquisition and image processing
Quantitative morphological measures were derived from the 3D T1-weighted MRI sequence using FastSurfer v1.0 (FS) (5). The 3D T1-weighted sequence used for morphometric processing was acquired with identical parameters on both scanners, as described in the main Methods section. FastSurfer is a deep learning-based neuroimaging pipeline developed to emulate FreeSurfer’s recon-all outputs with high computational efficiency. Briefly, the pipeline includes motion correction, non-uniform intensity normalization, computation of the Talairach transformations, skull stripping and linear and non-liner volumetric registration, followed by volumetric labelling. Then, the procedure continues with surface reconstruction, which involves tessellation, surface smoothing, inflation, spherical mapping, and automatic topology correction. Then, spherical registration to a common template is performed, followed by computation of curvature measures and regional labelling based on the Desikan–Killiany parcellation atlas. Subsequently, cortical ribbon masks and parcellation statistics are generated, and the results are mapped back to volumetric space to ensure alignment between surface-based and volume-based segmentations. 
Statistical Analysis
In our dataset, there was one missing value for MMD, one missing value for MAMD, and two missing values for migraine history duration, which were imputed using age and sex. Nine missing values for education, eighteen for anxiety, and nine for depression were imputed using age, sex, and MHD. Imputation was performed using predictive mean matching, as described in the main Methods section.
During image acquisition, headache intensity was recorded using a 4-item visual analogue scale (VAS, 0-3). Participants were divided into 2 groups according to headache presence during the MRI. To assess whether headache during the MRI affected the results, a sensitivity analysis was conducted. The model was first built excluding headache status as a variable; later, for ROIs with significant results, migraine cases were re-evaluated comparing ictal and interictal scans to confirm that results were independent of headache state. This analysis was performed to assess whether the main findings were robust to headache state at the time of scanning.
We present the demographic data using frequencies and percentages for the nominal variables, and the quantitative variables are reported using the mean and standard deviation (sd). Then, to test the nature of our data, we applied a Shapiro test and Q-Q plots and performed a Levene or Fligner-Killeen test to check for homoscedasticity, and we used chi-squared test for categorical variables and t-test for continuous variables with normal distribution or Welch's test for heteroscedastic data, to identify differences in sex, age, education level, MHD, MMD, MAMD, anxiety (BAI), depression (BDI-II), and migraine-related clinical burden such as MIDAS and HIT-6 between HC and individuals with migraine. 







Figures and Tabs
Supplementary Table 1. Regions of interest (ROIs) included in cortical thickness, surface area, and volumetric analyses
	Metric
	ROI category
	Regions

	Cortical Thickness (CTh) and Surface Area (SA)
	Cortical regions 
	Caudal anterior cingulate, caudal middle frontal, cuneus, entorhinal, fusiform, inferior parietal, inferior temporal, isthmus cingulate, lateral occipital, lateral orbitofrontal, lingual, medial orbitofrontal, middle temporal, parahippocampal, paracentral, pars opercularis, pars orbitalis, pars triangularis, pericalcarine, postcentral, posterior cingulate, precentral, precuneus, rostral anterior cingulate, rostral middle frontal, superior frontal, superior parietal, superior temporal, supramarginal, transverse temporal, insula (all bilateral)

	Volume
	Subcortical structures
	Thalamus, caudate, putamen, pallidum, hippocampus, amygdala, nucleus accumbens, choroid plexus (all bilateral)

	
	Cerebellum
	Cerebellum cortex (bilateral)

	White matter
	Corpus callosum (CC) 
	Posterior, mid-posterior, central, mid-anterior, anterior


Cortical measures (CTh and SA) were extracted bilaterally using the Desikan–Killiany atlas. Subcortical volumetric measures were obtained using the FreeSurfer aseg segmentation. The corpus callosum was analysed as a white matter structure and subdivided into five segments.
Supplementary Table 2. Demographic and clinical characteristics of people with migraine and controls.

	 
	HC 
(n=63)
	HFEM 
(n = 46)
	CM
(n = 86)
	MO (n=57)
	P-value

	
	
	
	
	
	HC-EM
	HC-CM
	HC-MO

	Demographics

	Age, years
	39.5 (9.7)
	41.9 (9.8)
	39.2 (10.8)
	40.8 (9.2)
	0.132a
	>0.999a
	0.457a

	Sex, Female
	55.0 (87.3%)
	40 (87%)
	73 (85%)
	54 (95%)
	0.78b
	>0.999b
	0.272b

	Education, years
	15.4 (3.5)
	13.8 (3.5)
	14.2 (3.1)
	13.7 (3.0)
	0.010a
	0.010a
	0.009a

	Comorbidities

	Anxiety, BAI score 
	3.6 (4.2)
	12.4 (9.4)
	17.8 (13.0)
	16.4 (10.5)
	< 0.001a
	< 0.001a
	< 0.001a

	Depression, BDI-II score
	2.7 (3.3)
	9.3 (7.5)
	10.5 (9.0)
	11.1 (8.8)
	< 0.001a
	< 0.001a
	< 0.001a

	Headache characteristics

	Monthly headache days, d/mo
	12.7 (4.5)
	17.5 (5.7)
	17.0 (5.5)
	
	

	Monthly migraine days, d/mo
	5.4 (2.2)
	11.4 (4.4)
	11.1 (5.5)
	
	

	Monthly acute medication intake, d/mo
	8.3 (4.7)
	10.3 (5.3)
	14.8 (4.9)
	
	

	Aura
	11 (24%)
	25 (29%)
	16 (28%)
	
	

	Migraine history, years
	24.2 (10.9)
	24.3 (11.0)
	25.4 (9.7)
	
	

	Migraine-related clinical burden

	Disability, MIDAS score
	44.5 (39.0)
	52.8 (41.2)
	71.8 (62.5)
	
	

	Impact, HIT-6 score
	62.2 (4.3)
	64.7 (5.1)
	64.5 (5.5)
	
	


HC = healthy controls; HFEM = High Frequency Episodic Migraine; CM = Chronic Migraine; BAI = Beck Anxiety Inventory; BDI-II = Beck Depression Inventory-II; MIDAS = Migraine Disability Assessment Scale; HIT-6 = Headache Impact Test. Continuous data is represented in mean (SD) and categorical data in % (n).  P-value is adjusted using false discovery rate (FDR) method. Bold means statistical significance.  
: Statistical significance assessed with t-test
: Statistical significance assessed with chi-squared test
Supplementary Table 3. Baseline characteristics of the study cohorts.
	
	Erenumab 
(n=93)
	OnabotA 
(n=81)
	Adjusted 
p-value

	Demographics

	Age, years
	41.3 (9.1)
	39.5 (10.3)
	0.442a

	Sex, Female
	79 (84.9%)
	73 (90.1%)
	0.540b

	Education, years
	13.4 (3.4)
	14.7 (2.8)
	0.084c

	Comorbidities

	Anxiety, BAI score 
	14.0 (11.0)
	18.2 (12.0)
	0.086a

	Depression, BDI-II score
	9.5 (8.1)
	10.9 (8.8)
	0.479a

	Headache characteristics

	Monthly headache days, d/mo
	15.4 (5.6)
	17.0 (4.9)
	0.442a

	Monthly migraine days, d/mo
	9.7 (4.7)
	10.7 (5.2)
	0.086a

	Monthly acute medication intake, d/mo
	10.9 (4.8)
	12.8 (5.5)
	0.959a

	Aura
	27 (29.0%)
	19 (23.5%)
	0.577a

	Migraine history, years
	24.9 (9.9)
	24.3 (10.1)
	0.749a

	Diagnosis at baseline
  High Frequency Episodic Migraine
   Chronic Migraine
	32 (34.4%)
61 (65.6%)
	23 (28.4%)
58 (71.6%)
	0.540a

	Medication overuse
	28 (30%)
	26 (32%)
	0.860b

	RR > 50% HDM (9missings)
    R 
    NR
	38 (41.8%)
53 (58.2%)
	26 (35.1%)
48 (64.9%)
	0.540a


OnabotA = OnabotulinumtoxinA; HC = healthy controls; BAI = Beck Anxiety Inventory; BDI-II = Beck Depression Inventory-II; HDM = Headache days per month; RR = Response Ratio; R = Responder; NR = Non-responder. Continuous data is represented in mean (SD) and categorical data in % (n). P-value is adjusted using false discovery rate (FDR) method. Bold means statistical significance. 
: Statistical significance assessed with t-test
: Statistical significance assessed with chi-squared test
: Statistical significance assessed with Welch's test

Supplementary Table 4. GLMM coefficients for baseline morphometric predictors of treatment response. The table reports the estimated coefficients, standard errors, z-values, and p-values from GLMMs evaluating response status, treatment and response-by-treatment interaction. 
	
	Estimate
	SE
	Z values
	Pr(>|z|)

	Left para hippocampal - CTh

	Age (years)
BDI_II score
MO [Y]
RR [R]
TTM [OnabotA]
RR:TTM
	-0.072
-0.008
0.024
-0.190
-0.036
0.063
	0.020
0.020
0.042
0.052
0.049
0.080
	-3.654
-0.395
0.563
-3.643
-0.727
0.782
	<0.001
0.693
0.574
<0.001
0.467
0.434

	Left Caudate - Volume

	Age (years)
BDI_II score
MO [Y]
eTIV (mm3)
RR [R]
TTM [OnabotA]
RR:TTM
	-0.025
0.011
0.001
0.061
-0.029
-0.034
0.088
	0.007
0.007
0.015
0.007
0.019
0.018
0.029
	-3.458
1.567
0.085
8.717
-1.536
-1.901
3.000
	0.001
0.117
0.932
<0.001
0.124
0.057
0.003

	Right Caudate - Volume

	Age (years)
BDI_II score
MO [Y]
eTIV (mm3)
RR [R]
TTM [OnabotA]
RR:TTM
	-0.025
0.008
0.004
0.066
-0.028
-0.022
0.084
	0.007
0.007
0.015
0.007
0.019
0.018
0.029
	-3.510
1.206
0.251
9.580
-1.484
-1.267
2.914
	<0.001
0.228
0.802
<0.001
0.138
0.205
0.004


CTh = Cortical Thickness; BDI_II score = Depression score; MO = Medication overuse; eTIV = estimated total intracranial volume; RR = Response Ratio; R = Responder; TTM = Treatment; OnabotA = OnabotulinumtoxinA; RR:TTM = Interaction between response ratio and treatment. Age, BDI-II score and MO were included as covariates in all analyses; for SA and volume measures, eTIV was additionally included. The reference level for MO was No (N); for RR was Non-Responders (NR); and for treatment was erenumab. Accordingly, the RR coefficient reflects the difference between responders and non-responders within the erenumab group, and the RR:TTM coefficient reflects whether this response-related difference differs in the OnabotA group compared with the erenumab group. Bold means statistical significance after the adjustment for multiple comparisons. Age
Supplementary Table 5. Longitudinal effects of treatment on brain structure. Results from GLMMs assessing longitudinal changes between baseline and 6 months of treatment. Fixed effects include time and the time x treatment interaction. The estimated coefficients, standard error, Z-values, and the p-value are presented. Only ROIs demonstrating statistically significant longitudinal effects after multiple-comparison correction are shown.
	
	Estimate
	Std. Error
	Z value
	Pr(>|z|)

	Right pars opercularis - CTh

	Age (years)
BDI_II score
MO [Y]
TIME [M6]
TTM [OnabotA]
TIME:TTM
	-0.043
0.003
-0.035
-0.035
-0.052
0.027
	0.010
0.005
0.012
0.009
0.021
0.011
	-4.302
0.649
-2.825
-3.898
-2.471
2.403
	<0.001
0.517
0.005
<0.001
0.013
0.016

	Right pars orbitalis - CTh

	Age (years)
BDI_II score
MO [Y]
TIME [M6]
TTM [OnabotA]
TIME:TTM
	-0.044
-0.001
-0.009
-0.044
-0.083
0.028
	0.014
0.007
0.017
0.012
0.029
0.015
	-3.198
-0.123
-0.530
-3.543
-2.892
1.835
	0.001
0.902
0.596
<0.001
0.004
0.066

	Right pars triangularis - CTh

	Age (years)
BDI_II score
MO [Y]
TIME [M6]
TTM [OnabotA]
TIME:TTM
	-0.041
0.005
-0.040
-0.033
-0.118
0.032
	0.011
0.006
0.014
0.010
0.023
0.013
	-3.642
0.769
-2.908
-3.328
-5.078
2.557
	<0.001
0.442
0.004
0.001
<0.001
0.011

	Left fusiform - SA

	Age (years)
BDI_II score
MO [Y]
eTIV (mm3)
TIME [M6]
TTM [OnabotA]
TIME:TTM
	-0.047
-0.058
-0.016
1.721
-0.385
0.463
0.489
	0.243
0.084
0.197
0.222
0.132
0.494
0.164
	-0.194
-0.692
-0.079
7.764
-2.915
0.938
2.987
	0.846
0.489
0.937
<0.001
0.004
0.348
0.003

	Left inferior temporal - SA

	Age (years)
BDI_II score
MO [Y]
eTIV (mm3)
TIME [M6]
TTM [OnabotA]
TIME:TTM
	-0.348
-0.045
-0.524
1.778
-0.512
0.486
0.436
	0.278
0.109
0.255
0.257
0.173
0.567
0.215
	-1.251
-0.415
-2.057
6.910
-2.955
0.858
2.025
	0.211
0.678
0.040
<0.001
0.003
0.391
0.043

	Left pericalcarine - SA

	Age (years)
BDI_II score
MO [Y]
eTIV (mm3)
TIME [M6]
TTM [OnabotA]
TIME:TTM
	-1.139
0.040
0.204
1.357
-0.334
-1.121
0.798
	0.301
0.138
0.321
0.282
0.225
0.618
0.280
	-3.791
0.293
0.635
4.808
-1.486
-1.816
2.851
	<0.001
0.770
0.525
<0.001
0.137
0.069
0.004

	Left rostral anterior cingulate - SA

	Age (years)
BDI_II score
MO [Y]
eTIV (mm3)
TIME [M6]
TTM [OnabotA]
TIME:TTM
	-0.056
-0.132
-0.011
2.142
-0.546
-0.454
0.535
	0.209
0.085
0.200
0.195
0.137
0.426
0.170
	-0.271
-1.556
-0.057
11.005
-3.995
-1.066
3.148
	0.787
0.120
0.954
<0.001
<0.001
0.286
0.002

	Right lingual - SA

	Age (years)
BDI_II score
MO [Y]
eTIV (mm3)
TIME [M6]
TTM [OnabotA]
TIME:TTM
	-0.722
0.018
-0.009
1.603
-0.465
-0.508
0.587
	0.324
0.084
0.199
0.286
0.130
0.656
0.162
	-2.226
0.215
-0.044
5.608
-3.570
-0.776
3.631
	0.026
0.830
0.965
<0.001
<0.001
0.438
<0.001

	Right pericalcarine - SA

	Age (years)
BDI_II score
MO [Y]
eTIV (mm3)
TIME [M6]
TTM [OnabotA]
TIME:TTM
	-0.658
0.055
-0.508
1.334
-0.510
-1.174
0.459
	0.302
0.096
0.227
0.273
0.151
0.612
0.187
	-2.181
0.573
-2.235
4.884
-3.381
-1.917
2.450
	0.029
0.566
0.025
<0.001
0.001
0.055
0.014

	Right rostral anterior cingulate - SA

	Age (years)
BDI_II score
MO [Y]
eTIV (mm3)
TIME [M6]
TTM [OnabotA]
TIME:TTM
	-0.092
-0.090
-0.171
1.472
-0.434
-0.527
0.223
	0.219
0.089
0.209
0.204
0.143
0.448
0.178
	-0.418
-1.006
-0.817
7.204
-3.031
-1.177
1.255
	0.676
0.314
0.414
<0.001
0.002
0.239
0.210

	Right rostral middle frontal - SA

	Age (years)
BDI_II score
MO [Y]
eTIV (mm3)
TIME [M6]
TTM [OnabotA]
TIME:TTM
	-0.751
-0.089
-0.393
2.496
-0.447
0.117
0.397
	0.317
0.103
0.243
0.289
0.161
0.644
0.200
	-2.366
-0.867
-1.622
8.645
-2.766
0.181
1.981
	0.018
0.386
0.105
<0.001
0.006
0.856
0.048

	Left cerebellum cortex - Volume

	Age (years)
BDI_II score
MO [Y]
eTIV (mm3)
TIME [M6]
TTM [OnabotA]
TIME:TTM
	-0.028
0.002
-0.005
0.048
-0.010
-0.013
0.011
	0.007
0.001
0.003
0.006
0.002
0.014
0.003
	-3.876
1.199
-1.665
8.407
-4.975
-0.876
4.377
	<0.001
0.231
0.096
<0.001
<0.001
0.381
<0.001

	Left Hippocampus - Volume

	Age (years)
BDI_II score
MO [Y]
eTIV (mm3)
TIME [M6]
TTM [OnabotA]
TIME:TTM
	-0.001
0.00004
0.00019
0.050
-0.008
0.010
0.007
	0.006
0.002
0.004
0.006
0.002
0.013
0.003
	-0.150
0.024
-0.052
8.960
-3.174
0.796
2.281
	0.880
0.981
0.958
<0.001
0.002
0.426
0.023

	Left Amygdala - Volume

	Age (years)
BDI_II score
MO [Y]
eTIV (mm3)
TIME [M6]
TTM [OnabotA]
TIME:TTM
	0.004
0.003
-0.003
0.065
-0.016
-0.023
0.027
	0.008
0.004
0.009
0.007
0.007
0.016
0.008
	0.492
0.798
-0.314
8.796
-2.436
-1.443
3.230
	0.623
0.425
0.753
<0.001
0.015
0.149
0.001

	Left choroid plexus - Volume

	Age (years)
BDI_II score
MO [Y]
eTIV (mm3)
TIME [M6]
TTM [OnabotA]
TIME:TTM
	0.083
-0.005
0.051
0.050
0.028
0.108
-0.035
	0.027
0.007
0.016
0.024
0.010
0.056
0.013
	3.011
-0.809
3.249
2.115
2.686
1.937
-2.709
	0.003
0.418
0.001
0.034
0.007
0.053
0.007

	Right Cerebellum - Volume

	Age (years)
BDI_II score
MO [Y]
eTIV (mm3)
TIME [M6]
TTM [OnabotA]
TIME:TTM
	-0.023
0.000
-0.005
0.055
-0.009
-0.013
0.010
	0.007
0.001
0.003
0.006
0.002
0.015
0.002
	-3.127
0.126
-1.713
9.519
-4.556
-0.891
4.055
	0.002
0.900
0.087
<0.001
<0.001
0.373
<0.001

	Right Hippocampus - Volume

	Age (years)
BDI_II score
MO [Y]
eTIV (mm3)
TIME [M6]
TTM [OnabotA]
TIME:TTM
	0.001
-0.003
-0.004
0.051
-0.007
-0.002
0.010
	0.007
0.002
0.004
0.006
0.003
0.013
0.003
	0.177
-1.648
-0.864
8.919
-2.522
-0.174
3.089
	0.860
0.099
0.388
<0.001
0.012
0.862
0.002


CTh = Cortical Thickness; SA = Cortical surface area; BDI_II score = Depression score; MO = Medication overuse; eTIV = estimated total intracranial volume; TTM = Treatment; OnabotA = OnabotulinumtoxinA; TIME:TTM = Interaction between time and treatment; M0 = baseline visit; M6 = follow-up visit after 6 months. Age, BDI-II score and MO were included as covariates in all analyses; for SA and volume measures, eTIV was additionally included. Bold means statistical significance after the adjustment for multiple comparisons.  The reference level for MO was no (N), the reference level for time was baseline visit (M0), and the reference treatment was erenumab. Therefore, the TIME coefficient reflects the longitudinal change from M0 to M6 within the erenumab group; the TTM coefficient reflects the baseline difference between OnabotA and erenumab; and the TIME×TTM interaction reflects whether the longitudinal change in the OnabotA group differed significantly from that observed in the erenumab group. Accordingly, the TIME coefficient should not be interpreted as a global treatment-independent longitudinal effect. Similarly, the TIME×TTM coefficient should not be interpreted as the within-OnabotA longitudinal change. Treatment-specific M0-to-M6 p-values, including those for the OnabotA group shown in the supplementary figures, were obtained from post-hoc EMM simple-effect contrasts. 



[image: ]
Supplementary Figure 1. Estimated marginal means (EMMs) and 95% coefficient interval for SA right posterior cingulate, showing statistically significant decrease for HFEM, compared to HC. Whereas for mid-posterior corpus callosum (CC), the HFEM group showed an increase compared to HC. Moreover, statistically significant higher values in the mid-posterior and central CC regions were observed in participants with migraine with mediation overuse (MO) compared to healthy controls (HC). Other effects did not remain significant after the adjustment for multiple comparisons. P-values reported as asterisks within the subfigures derive from simple effects analysis (post-hoc EMMs contrasts). EMMs were derived from the mixed-effects models; full model coefficients are reported in Table 2.
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