Supplementary Materials

Table S1. Cognitive tests of the Amsterdam Cognition Scan

Cognitive domain ACS test Main outcome measure

Learning and memory Wordlist learning Total number of correct words (learning: trial 1 to 5)
Wordlist recall
Wordlist recognition
Attention & working memory Box tapping Total number of correctly repeated sequences
Digit sequences |
Digit sequences Il

Processing speed Reaction speed Average reaction time (ms)
Connect the dots | Completion time in seconds

Executive functioning Connect the dots Il Completion time in seconds
Place the beads Total number of extra moves

Motor functioning Fill the grid Completion time in seconds




Table S2. Matching results (1:1 nearest-neighbour propensity score matching)

Demographic characteristics at study entry Absolute standardized mean difference Absolute standardized mean difference

REFERENCE: Arm A

before matching

after matching

Arm A Arm B Unmatched Matched Arm A vs. Arm B vs. Arm A vs. Arm B vs.
Al+CDK4/6i Al-only controls controls Unmatched Unmatched Matched Matched
(N=130) (N=130) (N=192) (N=130) controls controls controls controls
Demographic
characteristics
Age 0.714* 0.773* 0.312* 0.328*
mean £SD 59 11 59 +10 52 +13 56 +12
range 24-79 30-81 20-81 21-81
Education?, N (%) 0.536* 0.553* 0.312* 0.329*
low 5(4) 6(5) 0(0) 0(0)
middle 72 (55) 72 (55) 63 (33) 57 (44)
high 53 (41) 52 (40) 129 (67) 73 (56)
Computer use? 1.020* 0.608* 0.302* 0.074
mean £SD 89 10£12 17 £14 11 +10
range 1-36 1-60 1-55 1-40
REFERENCE: Arm B Demographic characteristics at study entry Absolute standardized mean difference Absolute standardized mean difference
before matching after matching
Arm A Arm B Unmatched Matched Arm A vs. Arm B vs. Arm A vs. Arm B vs.
Al+CDK4/6i Al-only controls controls Unmatched Unmatched Matched Matched
(N=130) (N=130) (N=192) (N=130) controls controls controls controls
Demographic
characteristics
Age 0.714* 0.773* 0.232* 0.240*
mean £SD 59 11 59 +10 52 +13 57 £11
range 24-79 30-81 20-81 23-81
Education?, N (%) 0.536* 0.553* 0.234* 0.250*
low 5(4) 6(5) 0(0) 0(0)
middle 72 (55) 72 (55) 63 (33) 62 (48)
high 53 (41) 52 (40) 129 (67) 68 (52)
Computer use? 1.020* 0.608* 0.572* 0.276*
mean 1£SD 819 10£12 17 £14 13 +£12
range 1-36 1-60 1-55 1-40

* standardized mean difference (Cohen’s d) > 0.1 indicating imbalance



Table S3. Analysis of potential drop-out patterns in patients

Retested at follow-up Dropped out Retested vs. dropped out
(p-value)
ArmA ArmB ArmA Arm B ArmA Arm B

Al+CDK4/6i Al-only Al+CDK4/6i Al-only Al+CDK4/6i Al-only

Baseline demographic
characteristics

N (%) 108 (83) 91 (70) 22 (17) 39 (30)

Age 0.678 0.577
mean £SD 59 +11 59 19 58 £9 60 11
range 24-79 30-75 43-77 33-81

Education?, N (%) 0.313 0.413
low 5 (5) 3(3) 0 (0) 3(8)
middle 57 (53) 53 (58) 15 (68) 19 (49)
high 46 (43) 35 (38) 7 (32) 17 (44)

Computer use® 0.593 0.144
mean +SD 819 9+10 719 13 +15
range 1-36 1-60 1-30 1-55

Menopausal statusc, N (%) 1.000 1.000
pre- or peri-menopausal 20(19) 17 (19) 4(18) 7 (18)
post-menopausal 88 (81) 74 (81) 18 (82) 32(82)

Previous systemic treatment, N (%) 1.000 0.106
yes 66 (61) 45 (49) 14 (64) 26 (67)

Baseline cognitive performance
(ACS), mean SD

Learning & memory

Wordlist learning -0.49+1.20 -0.34+1.11 -0.70+0.91 -0.531.15 0.369 0.415

Wordlist recall -0.21+1.09 -0.37+1.20 -0.83+1.19 -0.27 +0.98 0.035%* 0.635
Attention & working memory

Box tapping -0.21+1.09 -0.11+0.95 -0.0210.94 -0.08 £0.95 0.413 0.902

Digit sequences | 0.05+1.12 -0.06+1.19 -0.23+1.14 -0.6111.06 0.300 0.010*

Digit sequences Il -0.12+1.02 -0.26+0.93 -0.57+1.11 -0.53+0.88 0.091 0.129
Processing speed

Reaction speed -0.38+1.22 -0.37+1.16 -0.82+1.54 -0.76 +1.68 0.231 0.203

Connect the dots | -0.41+1.37 -0.24+1.21 -0.72+1.47 -0.30+1.08 0.365 0.798
Executive functioning

Connect the dots Il -0.37+1.23 -0.51%1.24 -0.86+1.94 -0.40+1.27 0.275 0.655

Place the beads -0.15+1.00 0.01+0.89 0.08+1.06 -0.09 +0.86 0.362 0.547
Motor functioning

Fill the grid -0.36+1.34 -0.25%1.14 -0.79+1.51 -0.48+1.37 0.233 0.365

Baseline patient-reported
outcomes, mean £SD

Mood (HADS)

Anxiety 6.9 £4.0 8.0 £4.2 8.7 4.7 8.4 t5.0 0.100 0.723

Depression 4.7 £3.7 5.1%4.2 6.5%4.1 5.7 £t4.7 0.072 0.520
Fatigue (MFI-20)

Total fatigue 55.9 £19.2 58.6 £20.0 64.5 £20.0 62.7 £22.3 0.073 0.332

ACS: Amsterdam Cognition Scan. HADS: Hospital Anxiety and Depression Scale. MFI-20: Multidimensional Fatigue Inventory.
* significant at @=0.05

atducational level according to Verhage, grouped into low (Verhage 1-3), middle (Verhage 4-5), and high (Verhage 6-7)
bSelf-reported computer use in hours per week

¢At time of randomisation



Table S4. (Neo)adjuvant treatment and cognitive function at study entry

Domain Outcome Predictors Beta SE beta Standard  t-value p-value R? SD F-value p-value
beta (residual)
Previous systemic treatment y/n
Learning & Wordlist learning Constant -0.329 0.112 -2.940 0.004* 0.010 1.135 2.413 0.122
memory previous systemic treatment -0.229 0.147 -0.099 -1.554 0.122
Wordlist recall Constant -0.296 0.112 -2.656 0.008* 0.001 1.133 0.145 0.704
previous systemic treatment -0.056 0.147 -0.024 -0.380 0.704
Attention & Box tapping Constant -0.287 0.096 -2.990 0.003* 0.016 1.001 4,193 0.042*
working memory previous systemic treatment 0.258 0.126 0.127 2.048 0.042*
Digit sequences | Constant -0.034 0.111 -0.303 0.762 0.003 1.152 0.873 0.351
previous systemic treatment -0.136 0.145 -0.058 -0.935 0.351
Digit sequences Il Constant -0.207 0.096 -2.166 0.031* 0.003 0.984 0.707 0.401
previous systemic treatment -0.105 0.125 -0.053 -0.841 0.401
Processing speed Reaction speed Constant -0.151 0.127 -1.189 0.236 0.042 1.286 10.930 0.001*
previous systemic treatment -0.546 0.165 -0.205 -3.305 0.001*
Connect the dots | Constant -0.339 0.126 -2.686 0.008* 0.002 1.289 0.052 0.820
previous systemic treatment -0.038 0.165 -0.014 -0.228 0.820
Executive Connect the dots Il Constant -0.509 0.131 -3.891 0.001* 0.001 1.316 0.190 0.664
functioning previous systemic treatment 0.074 0.171 0.028 0.435 0.664
Place the beads Constant -0.012 0.091 -0.135 0.893 0.002 0.946 0.606 0.437
previous systemic treatment -0.093 0.119 -0.048 -0.779 0.437
Motor functioning  Fill the grid Constant -0.463 0.125 -3.709 <0.001* 0.004 1.292 0.921 0.338
previous systemic treatment 0.157 0.164 0.060 0.960 0.338
Previous chemotherapy y/n
Learning & Wordlist learning Constant -0.330 0.101 -3.255 0.001* 0.014 1.133 3.434 0.065
memory previous chemotherapy -0.269 0.145 -0.118 -1.853 0.065
Wordlist recall Constant -0.315 0.101 -3.120 0.002* 0.000 1.133 0.038 0.845
previous chemotherapy -0.028 0.145 -0.013 -0.195 0.845
Attention & Box tapping Constant -0.283 0.086 -3.284 0.001* 0.023 0.998 5.931 0.016*
working memory previous chemotherapy 0.303 0.124 0.150 2.435 0.016*
Digit sequences | Constant -0.044 0.100 -0.439 0.661 0.004 1.152 0.976 0.324
previous chemotherapy -0.141 0.143 -0.062 -0.988 0.324
Digit sequences Il Constant -0.252 0.086 -2.911 0.004* 0.000 0.986 0.079 0.779
previous chemotherapy -0.035 0.123 -0.018 -0.280 0.779
Processing speed Reaction speed Constant -0.268 0.115 -2.327 0.208 0.025 1.298 6.379 0.012*



previous chemotherapy -0.415 0.164 -0.158 -2.526 0.012*
Connect the dots | Constant -0.366 0.115 -3.189 0.002* 0.000 1.289 0.003 0.954
previous chemotherapy 0.009 0.163 0.004 0.058 0.954
Executive Connect the dots Il Constant -0.550 0.118 -4.661 <0.001* 0.004 1.313 1.030 0.311
functioning previous chemotherapy 0.171 0.168 0.065 1.015 0.311
Place the beads Constant -0.081 0.082 -0.995 0.321 0.000 0.947 0.073 0.787
previous chemotherapy 0.032 0.118 0.017 0.271 0.787
Motor functioning  Fill the grid Constant -0.449 0.112 -3.992 <0.001* 0.004 1.292 0.970 0.326
previous chemotherapy 0.159 0.161 0.062 0.985 0.326
Previous endocrine therapy y/n
Learning & Wordlist learning Constant -0.370 0.107 -3.460 <0.001* 0.005 1.138 1.336 0.249
memory previous endocrine therapy -0.169 0.146 -0.074 -1.156 0.249
Wordlist recall Constant -0.277 0.107 -2.589 0.010* 0.002 1.132 0.430 0.513
previous endocrine therapy -0.095 0.145 -0.042 -0.656 0.513
Attention & Box tapping Constant -0.229 0.092 -2.485 0.014* 0.007 1.006 1.831 0.177
working memory previous endocrine therapy 0.170 0.126 0.084 1.353 0.177
Digit sequences | Constant -0.043 0.106 -0.402 0.688 0.003 1.152 0.800 0.372
previous endocrine therapy -0.129 0.144 -0.056 -0.894 0.372
Digit sequences Il Constant -0.178 0.091 -1.949 0.052 0.007 0.982 1.815 0.179
previous endocrine therapy -0.166 0.123 -0.084 -1.347 0.179
Processing speed Reaction speed Constant -0.197 0.121 -1.625 0.106 0.036 1.290 9.353 0.002*
previous endocrine therapy -0.501 0.164 -0.191 -3.058 0.002*
Connect the dots | Constant -0.351 0.121 -2.912 0.004* 0.000 1.289 0.013 0.910
previous endocrine therapy -0.018 0.163 -0.007 -0.113 0.910
Executive Connect the dots Il Constant -0.478 0.126 -3.806 <0.001* 0.000 1.316 0.016 0.898
functioning previous endocrine therapy 0.022 0.169 0.008 0.128 0.898
Place the beads Constant 0.011 0.087 0.125 0.900 0.006 0.945 1.452 0.229
previous endocrine therapy -0.142 0.118 -0.075 -1.205 0.229
Motor functioning  Fill the grid Constant -0.402 0.120 -3.344 <0.001* 0.000 1.294 0.115 0.735
previous endocrine therapy 0.055 0.162 0.021 0.339 0.735
Previous aromatase inhibitor y/n
Learning & Wordlist learning Constant -0.464 0.088 -5.276 <0.001* 0.000 1.141 0.005 0.944
memory previous aromatase inhibitor 0.011 0.158 0.004 0.070 0.944
Wordlist recall Constant -0.296 0.088 -3.370 <0.001* 0.002 1.132 0.427 0.514
previous aromatase inhibitor ~ -0.101 0.155 -0.042 -0.654 0.514
Attention & Box tapping Constant -0.118 0.076 -1.557 0.121 0.001 1.009 0.199 0.656
working memory previous aromatase inhibitor -0.060 0.135 -0.028 -0.446 0.656
Digit sequences | Constant -0.051 0.087 -0.582 0.561 0.006 1.150 1.604 0.207
previous aromatase inhibitor -0.194 0.153 -0.079 -1.266 0.207



Digit sequences Il Constant -0.220 0.075 -2.940 0.004* 0.005 0.983 1.317 0.252
previous aromatase inhibitor ~ -0.151 0.131 -0.072 -1.148 0.252
Processing speed Reaction speed Constant -0.335 0.100 -3.339 <0.001* 0.023 1.299 5.712 0.018*
previous aromatase inhibitor ~ -0.418 0.175 -0.150 -2.390 0.018*
Connect the dots | Constant -0.338 0.099 -3.421 <0.001* 0.001 1.288 0.175 0.676
previous aromatase inhibitor -0.073 0.174 -0.027 -0.419 0.676
Executive Connect the dots Il Constant -0.422 0.102 -4.152 <0.001* 0.002 1.315 0.576 0.449
functioning previous aromatase inhibitor ~ -0.137 0.181 -0.049 -0.759 0.449
Place the beads Constant 0.001 0.071 0.013 0.989 0.011 0.942 2.800 0.096
previous aromatase inhibitor ~ -0.210 0.125 -0.104 -1.673 0.096
Motor functioning  Fill the grid Constant -0.405 0.098 -4.135 <0.001* 0.001 1.293 0.369 0.544
previous aromatase inhibitor 0.105 0.173 0.038 0.607 0.544
Previous tamoxifen y/n
Learning & Wordlist learning Constant -0.377 0.101 -3.734 <0.001* 0.006 1.137 1.446 0.230
memory previous tamoxifen -0.175 0.146 -0.077 -1.202 0.230
Wordlist recall Constant -0.249 0.101 -2.459 0.015* 0.005 1.130 1.284 0.258
previous tamoxifen -0.164 0.145 -0.072 -1.133 0.258
Attention & Box tapping Constant -0.225 0.087 -2.577 0.011* 0.008 1.005 2.060 0.152
working memory previous tamoxifen 0.180 0.125 0.089 1.435 0.152
Digit sequences | Constant -0.029 0.100 -0.286 0.775 0.006 1.151 1.433 0.232
previous tamoxifen -0.171 0.143 -0.074 -1.197 0.232
Digit sequences Il Constant -0.222 0.086 -2.567 0.011* 0.002 0.985 0.600 0.439
previous tamoxifen -0.095 0.123 -0.049 -0.775 0.439
Processing speed Reaction speed Constant -0.262 0.115 -2.277 0.024* 0.027 1.297 6.766 0.010%*
previous tamoxifen -0.427 0.164 -0.163 -2.601 0.010*
Connect the dots | Constant -0.378 0.115 -3.295 0.001* 0.000 1.289 0.043 0.836
previous tamoxifen 0.034 0.163 0.013 0.208 0.836
Executive Connect the dots Il Constant -0.475 0.119 -3.988 <0.001* 0.000 1.316 0.012 0.911
functioning previous tamoxifen 0.019 0.169 0.007 0.112 0.911
Place the beads Constant -0.037 0.082 -0.445 0.657 0.001 0.947 0.265 0.608
previous tamoxifen -0.060 0.117 -0.032 -0.514 0.608
Motor functioning  Fill the grid Constant -0.434 0.113 -3.832 <0.001* 0.002 1.292 0.621 0.431
previous tamoxifen 0.127 0.161 0.049 0.788 0.431

Results of univariate linear regressions of (neo)adjuvant treatment on cognitive outcome measures. Negative coefficients indicate worse cognitive performance with previous treatment.
* significant at @=0.05



Table S5. Mixed ANOVAs self-reported outcomes

Domain Outcome Effect F-value p-value
Mood (HADS) Anxiety group 13.621 <0.001*
time 11.133 <0.001*
group*time 4.124 0.017*
Depression group 8.734 <0.001*
time 3.511 0.061
group*time 5.712 0.003*
Fatigue (MFI-20) Total fatigue group 38.849 <0.001*
time 5.753 0.017*
group*time 7.489 <0.001*
General fatigue group 31.354 <0.001*
time 2.527 0.112
group*time 4.686 0.010*
Physical fatigue group 38.221 <0.001*
time 2.993 0.084
group*time 4.707 0.009*
Mental fatigue group 11.612 <0.001*
time 1.191 0.276
group*time 3.498 0.031*
Reduced activity group 41.066 <0.001*
time 11.377 <0.001*
group*time 5.914 0.003*
Reduced motivation group 18.653 <0.001*
time 5.624 0.018*
group*time 9.722 <0.001*

HADS: Hospital Anxiety and Depression Scale. MFI-20: Multidimensional Fatigue Inventory.

* significant at @=0.05



Table S6. Post hoc pairwise comparisons self-reported outcomes

Pairwise comparisons (p-value)

Study entry vs. 9-month follow-up Group comparison at study entry Group comparison at 9-month follow-up
ArmA ArmB Matched Arm A vs. Arm A vs. Arm B vs. Arm A vs. Arm A vs. Arm B vs.
Domain Outcome Al+CDK4/6i Al-only controls ArmB controls controls ArmB controls controls
Mood (HADS) Anxiety 0.751 0.007* 1.000 0.374 0.004* <0.001* 0.958 0.997 0.773
Depression 0.390 0.034* 0.661 0.988 0.004* <0.001* 0.993 0.991 1.000
Fatigue (MFI-20) Total fatigue 0.138 0.007* 0.599 0.886 <0.001* <0.001* 1.000 0.062 0.125
General fatigue 0.790 0.042* 0.785 0.915 <0.001* <0.001* 0.976 0.017* 0.194
Physical fatigue 0.581 0.053 0.779 0.827 <0.001* <0.001* 1.000 0.013* 0.035*
Mental fatigue 0.344 0.701 0.695 0.998 <0.001* <0.001* 1.000 0.874 0.863
Reduced activity 0.050* 0.002* 0.985 0.705 <0.001* <0.001* 1.000 0.037* 0.030*
Reduced motivation 0.069 0.004* 0.305 0.784 <0.001* <0.001* 1.000 0.990 0.978

HADS: Hospital Anxiety and Depression Scale. MFI-20: Multidimensional Fatigue Inventory.
* significant at «=0.05



Figure S1.

Covariate-adjusted robustness analysis of cognitive function
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Average ACS Z-scores at study entry in both study arms (Arm A N=130: red/Arm B N=130: blue), adjusted for age, education, and computer use. The shaded area indicates the 95% confidence
interval around the mean. The dotted line indicates the mean of the control group. Left: Z-scores standardized based on the matched controls (N=130). Right: Z-scores standardized based on
the full sample of unmatched controls (N=192). Both patterns of average test scores are comparable with the original analysis (i.e., using the matched controls, adjusted for computer use),
demonstrating robustness of findings.



Figure S2. Sensitivity analysis of treatment initiation and cognitive function
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Average ACS Z-scores at study entry, standardized based on the matched control group (N=130) and adjusted for computer use. The shaded area indicates the 95% confidence interval around
the mean. The dotted line indicates the mean of the matched control group. Left: Direct comparison of cognitive test performance between patients (Arm A and B combined) tested before
start of treatment (N=39: red) and those tested after treatment initiation (N=238: blue). Middle: Sensitivity analysis excluding patients who completed the ACS later than 14 days after
treatment initiation (Arm A N=120: red/Arm B N=118: blue). Right: Sensitivity analysis excluding all patients who had already started treatment (Arm A N=23: red/Arm B N=16: blue). Patterns
of test scores seem comparable between patients tested before or after treatment initiation, and with the original analysis (Arm A N=130/Arm B N=130), however, sample sizes of patients

tested before the start of treatment are small resulting in wide confidence intervals.
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Figure S3. Individual cognitive change at nine months
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Percentages of patients (Arm A N=108; Arm B N=91) and matched controls (N=120) showing meaningful decline (ZSRB<-1.645) or improvement (ZSRB>1.645) versus those who remained stable

at the nine-month follow-up. Percentages may not add up to 100% as a result of missing data (e.g., outliers and invalid responses excluded from further analysis) or rounding to whole
numbers.
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Figure S4
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Average regression-based (ZSRB) change scores in patient subgroups, standardized based on the change in the matched control group (N=120). The shaded area indicates the 95% confidence
interval around the mean. The dotted line indicates the mean in the matched control group. Left: Patients (Arm A and B combined) grouped based on menopausal status (postmenopausal
N=162: blue/pre- or perimenopausal N=37: red). Middle: Patients (Arm A and B combined) grouped based on type of aromatase inhibitor (letrozole N=199: blue/anastrozole N=61: red). Right:
Patients (Arm B) grouped based on type of CDK4/6 inhibitor (palbociclib N=92: blue/ribociclib N=14: red). The groups of patients who received exemestane or abemaciclib were too small for

comparison. Exploratory subgroup analyses are descriptive only and should be interpreted with caution considering small subgroup sample sizes.
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