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Figure E1. ADA prevalence over time. Proportion of patients that are ADA+ (dark coloured
bars); ADA- (light coloured bars) by month after treatment initiation. Yellow denotes the
replication cohort (individuals sampled within 6 months of treatment initiation, n=232).
Turquoise denotes the discovery cohort (individuals sampled 6-36 months after treatment
initiation, n=784).
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Figure E2. Quantile-quantile plot of ADA association p values (discovery cohort: individuals
sampled 6-36 months after treatment initiation, n=784).
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Figure E3. Effect sizes for each covariate in Cox regression model for termination of
adalimumab due to ineffectiveness (adalimumab treatment duration cohort: individuals
with clinical data but no ADA status available, n=716).



Table E1. Baseline characteristics of 784 individuals sampled 6-36 months after starting first
course of adalimumab (discovery cohort). ADA+: detectable ADA, ADA-: undetectable ADA.

All ADA+ ADA- Missing data
Number 784 521 (66%) 263 (34%) -
Age (yrs), 45.1+12.2 45.2+12.0 44.8 +12.7 -
mean + SD
Male (%) 494 (63%) 326 (63%) 167 (63%) -
Weight (kg), 92.6 +22.3 94.3+22.4 89.0+21.7 -
mean + SD
Biologic naive, n (%) 583 (74%) 392 (75%) 191 (73%) -
Immunosuppressant 238 (30%) 156 (30%) 82 (31%) -
co-therapy, n (%)
Psoriatic arthritis, n (%) 137 (26%) 85/349 (24%) 52/171 (30%) 264
Baseline PASI, 14.0+7.3 143+7.2 13.5+7.5 93
mean + SD
Age at psoriasis onset, 22.0+123 22.0+123 22.0+12.4 166

mean + SD

HLA-C*06:02 carrier
status (%)

403 (51%)

264 (51%)

139 (53%)




Table E2. Baseline characteristics of 232 individuals sampled within 6 months of starting
first course of adalimumab (replication cohort). ADA+: detectable ADA, ADA-: undetectable

ADA.
All ADA+ ADA-

Number 232 150 (65%) 82 (35%)
Age (yrs), 43.4+13.0 43.6+12.8 43.0 + 13.5
mean + SD

Male (%) 110 (47%) 72 (48%) 38 (46%)
Weight (kg), 89.5+22.2 91.4+23.2 86.2+20.2
mean + SD

Biologic naive (%) 189 (81%) 123 (82%) 66 (80%)
Immunosuppressant 54 (23%) 32 (21%) 22 (27%)

co-therapy (%)

Table E3. Baseline characteristics of 716 individuals with clinical data but no ADA status
available, on first course of adalimumab (adalimumab treatment duration cohort). ADA+:

detectable ADA, ADA-: undetectable ADA.

All Terminated adalimumab  Remainder of cohort
due to inefficacy

Number 716 145 (20%) 571 (80%)

Age (yrs), 45.4+12.6 44.7 +12.7 45.6+12.6

mean + SD

Male (%) 412 (58%) 86 (59%) 326 (57%)

Weight (kg), 90.4 +20.6 95.9+21.4 89.0 +20.2

mean + SD

Biologic naive (%)

515 (72%)

101 (70%)

414 (73%)

Immunosuppressant
co-therapy (%)

277 (39%)

60 (41%)

217 (38%)




Table E4. Sensitivity analyses to assess robustness of the HLA-DRB1 joint model to potential
confounders (discovery cohort: individuals sampled 6-36 months after treatment initiation,
n=784 unless stated otherwise in first column). 9W: presence of tryptophan at position 9.
71K: presence of lysine at position 71.

Sensitivity analysis Model term OR 95% Ci P value
Excluding 238/784 9w 0.40 0.27-0.60 3.05x107
individuals on
immunosuppressant 71K 0.46 0.30-0.68 1.43x10*
co-therapy
(n=546)
Increasing the oaw 0.46 0.35-0.59 1.34x10°
threshold for ADA
positivity from 71K 0.56 0.42-0.74 6.61x10°
30 AU (detectable) to
100 AU
Including HLA-C*06:02  9W 0.33 0.24-0.45 3.17x102
status as a covariate

71K 0.40 0.28-0.55 6.69x10®
Including sample 9w 0.35 0.26-0.48 2.40x10M
timing as a covariate

71K 0.41 0.29-0.57 2.30x107
Including psoriatic 9w 0.31 0.21-0.46 4.08x10°
arthritis status as a
covariate 71K 0.34 0.22-0.51 5.51x107
(n=520)
Including age as a 9w 0.34 0.25-0.45 1.94x10°12
covariate

71K 0.39 0.28-0.55 5.77x10
Including age of 9w 0.33 0.23-0.47 1.36x10°
psoriasis onset as a
covariate 71K 0.36 0.24-0.52 1.56x107
(n=618)
Including gender as a 9w 0.34 0.25-0.45 1.87x10°12
covariate

71K 0.39 0.28-0.45 6.21x10
Including baseline PASI  9W 0.33 0.24-0.45 3.17x10
as a covariate
(n=691) 71K 0.38 0.26-0.55 3.19x107
Including all covariates  9W 0.29 0.18-0.45 1.19x107
(n=441)

71K 0.32 0.19-0.51 3.88x10°




Table E5. Summary results for marginal association tests of ADA development for each
imputed HLA amino acid (discovery cohort: individuals sampled 6-36 months after

treatment initiation, n=784).

SNP Al A2 FRQ INFO OR SE P
AA_DRB1 9 32660121 W P A 0.4879 1.0632 0.5739 0.1085 3.09E-07
AA_DRB1 11 32660115 SVD P A 0.5121 1.0632 1.7426 0.1085 3.09E-07
AA_DRB1_9 32660121 E P A 05013 1.0408 1.7392 0.1099 4.73E-07
AA_DRB1 11 32660115 SV P A 0.5013 1.0408 1.7392 0.1099 4.73E-07
AA_DRB1 140 32657458 A P A 0.4987 1.0408 0.575 0.1099 4.73E-07
AA_DRB1 13 32660109 SHG P A 0.4924 1.0304 1.7394 0.1107 5.69E-07
AA_DRB1 140 32657458 T P A 0.5005 1.0394 1.7324 0.1099 5.76E-07
AA_DRB1 11 32660115 SD P A 0.3208 0.9959 1.8013 0.1239 2.04E-06
AA_DRB1 -16 32665457 A P A 0.6811 0.9838 0.5563 0.1246 2.54E-06
AA_DRB1 -25 32665484 K P A 0.6811 0.9838 0.5563 0.1246 2.54E-06
AA_DRB1_10 32660118 Q° P A 0.6811 0.984 0.5565 0.1246 2.57E-06
AA DRB1 149 32657431.Q P A 069  0.9855 0.556 0.1257 3.02E-06
AA_DRB1 13 32660109 SG P A 031 09861 1.7971 0.1257 3.10E-06
AA_DRB1 10 32660118 Y P A 031 009861 1.7971 0.1257 3.10E-06
AA_DRB1 11 32660115 S P A 031 09861 17971 0.1257 3.10E-06
AA_DRB1 12 32660112.T P A 031 009861 17971 0.1257 3.10E-06
AA_DRB1 149 32657431 H P A 0.3092 0.986 17886 0.1257 3.74E-06
AA_DRB1 -16 32665457 V P A 0.2975 0.9878 1.8037 0.1276 3.77E-06
AA_DRB1 -25 32665484 R P A 0.2975 0.9878 1.8037 0.1276 3.77E-06
AA_DRB1 233 32656004 T P A 0.6923 0.9765 0.563 0.1262 5.35E-06
AA_DRB1 37 32660037 SF P A 05181 1.0645 0.617 0.1079 7.69E-06
AA_DRB1 233 32656004 R P A 0.2863 0.9854 1.7788 0.1292 8.25E-06
AA_DRB1 13 32660109 SH P A 0.4653 1.0321 1.6295 0.1104 9.76E-06
AA_DRB1 11 32660115 GL P A 0.3667 1.0031 0.6081 0.1127 1.02E-05
AA_DRB1 30 32660058 LC P A 0.3667 1.0031 0.6081 0.1127 1.02E-05
AA_DRB1 37 32660037 NY P A 0.4721 1.0545 1.6136 0.1086 1.06E-05
AA_DRB1 30 32660058 YHG P A 0.6244 0.9911 1.6353 0.113 1.36E-05
AA_DRB1 30 32660058 YGR P A 0.6235 0.994 1.6251 0.1127 1.65E-05
AA_DRB1 30 32660058 YHR P A  0.6224 0.9905 1.6203 0.1129 1.93E-05
AA_DRB1 11 32660115 SPV P A  0.6224 0.9905 1.6203 0.1129 1.93E-05
AA_DRB1 30 32660058 YG P A 0.6146 0.9815 1.6168 0.1131 2.15E-05
AA_DRB1 13 32660109 YF P A 0.3865 0.9779 0.6201 0.1134 2.49E-05
AA_DRB1 30 32660058 YH P A 0.6135 0.9779 1.6126 0.1134 2.49E-05
AA_DRB1 30 32660058 YR P A 0.6127 0.9807 1.6027 0.113 3.01E-05
AA_DRB1 13 32660109 S P A 0.2829 0.9639 1.719 0.1299 3.04E-05
AA_DRB1 28 32660064 E P A 0.3871 0.9824 0.6259 0.1129 3.30E-05
AA_DRB1 30 32660058 Y P A 0.6038 0.9676 1.5957 0.1135 3.84E-05
AA_DRB1 28 32660064 D P A 0.6021 0.9684 1.5771 0.1133 5.81E-05
AA DRB1 67 32659947 F P A 0.0772 0.9848 2.4524 0.249 0.0003147
AA_DRB1 13 32660109 SRH P A 0.5865 0.9966 1.4761 0.1106 0.0004313
AA_DRB1 11 32660115 SPD P A 0.442 0.9733 1.4805 0.1124 0.0004795



AA_DRB1_11 32660115 PG
AA_DRB1_13_32660109_RY
AA_DRB1_58 32659974 E
AA_DRB1_58 32659974 A
AA_DRB1_-17_32665460_T
AA_DRB1_11 32660115 PL
AA_DRB1_37_32660037_S
AA_DRB1_11 32660115 SVL
AA_DRB1_13_32660109_SRG
AA_DRB1_11 32660115 _SP
AA_DRB1_96 32657590 QF
AA_DRB1_37_32660037_SL
AA_DRB1_96 32657590 HY
AA_DRB1_11 32660115 SVG
AA_DRB1_11 32660115 L
AA_DRB1_30 32660058 C
AA_DRB1_96_32657590_E
AA_DRB1_-17_32665460_A
AA_DRB1_32_32660052_H
AA_DRB1_96 32657590 Ex
AA_DRB1_13_32660109_RF
AA_DRB1_37 32660037_YL
AA_DRB1_74 32659926 _LE
AA_DRB1_37 32660037_Y
AA_DRB1_30 32660058 CR
AA_DQB1_130 32737898 _Q
AA_DQB1_86_32740579_G
AA_DRB1_13_32660109_SHF
AA_DQB1_130 32737898 R
AA_DQB1_86_32740579_EA
AA_DRB1_71 32659935 E
AA_DQA1_47_ 32717191 K
AA_DQA1_52_32717206_H
AA_DQA1 54 32717212 L
AA_DRB1_30 32660058 CH
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AA_DRB1_13_32660109 Y
AA_DRB1_14 32660106 K
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AA_DRB1_11 32660115 GD
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AA_DRB1_30_32660058_YCG
AA_DRB1_11 32660115 SL
AA_DQB1_-17_32742316_A
AA_DRB1_181 32657335_M
AA_DRB1_30_32660058_YCH
AA_DRB1_13_32660109_F
AA_DRB1_30_32660058_YLH
AA_DRB1_31 32660055 _F
AA_DRB1_37 32660037 _NL
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AA_DRB1_30_32660058_YLR
AA_DRB1_37 32660037_N
AA_DRB1_73_32659929 G
AA_DRB1_74 32659926 _RQ
AA_DRB1_74 32659926 E
AA_DRB1_30_32660058_YC
AA_DPB1_194 33161555 _Q
AA_DRB1_47 32660007 _F
AA_DRB1_13_32660109_SHY
AA_DRB1_30_32660058_YL
AA_DRB1_74 32659926 _QL
AA_DQA1_40 32717170 G
AA_DQA1_47 32717191 C
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AA_DRB1_71 32659935 KA
AA_DQB1_71_32740624_ KA
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1.9661
1.3367
0.5866
1.3124
1.3268
1.4517
0.7684
1.3662
1.3662
1.3662
1.3662
1.3662
1.2815
0.7952
1.2832
0.7975
0.7967
0.8004
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0.1188
0.119

0.119

0.119
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0.1191
0.1126
0.5723
0.1194
0.1194
0.1681
0.1681
0.1681
0.1372
0.119

0.1185
0.1185
0.1185
0.1124
0.1683
0.1403
0.1123
0.1123
0.2755
0.119

0.2201
0.114

0.1227
0.1623
0.1154
0.1404
0.1404
0.1404
0.1404
0.1404
0.1127
0.1067
0.1162
0.1072
0.109

0.1072

0.006402
0.006423
0.006531
0.006531
0.007551
0.00861
0.00861
0.008612
0.008615
0.009263
0.009268
0.00927
0.009276
0.009455
0.01052
0.01052
0.01102
0.01102
0.01102
0.01165
0.01174
0.01221
0.01222
0.01223
0.01259
0.01271
0.01405
0.01409
0.01409
0.01413
0.01475
0.01538
0.01711
0.0212
0.02167
0.02239
0.02629
0.02629
0.02629
0.02629
0.02629
0.02775
0.0318
0.03196
0.03472
0.03707
0.03787



AA_DRB1_74 32659926 AQ
AA_DRB1_70 32659938 R
AA_DRB1_13_32660109_YG
AA_DPB1_55 33156577 _E
AA_DRB1_96_32657590_Hx
AA_DRB1_11 32660115 SGD
AA_DRB1_74 32659926 _AE
AA_DRB1_37 32660037 _F
AA_DRB1_96 32657590 H
AA_DRB1_57 32659977 A
AA_DRB1_60_32659968_ H
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0.8012
0.0498
0.3121
0.0321
0.606

0.6059
0.5724
0.3152
0.6054
0.0301
0.0301

0.9924
0.9721
1.0132
0.9229
0.995

0.9957
0.9823
0.9713
0.9953
0.9655
0.9654

0.7475
1.7723
0.7924
2.1246
1.2499
1.2491
1.2473
0.792

1.2453
2.0706
2.0705

0.1406
0.279
0.1146
0.3727
0.1103
0.1103
0.11
0.1169
0.1103
0.3678
0.3678

0.03855
0.04025
0.04228
0.0432

0.04326
0.04373
0.0445

0.04599
0.04673
0.04782
0.04782




Table E6. Summary results for marginal association tests of ADA development for each
classical HLA allele (discovery cohort: individuals sampled 6-36 months after treatment
initiation, n=784).

SNP Al A2 FRQ INFO OR SE P
HLA_DRB1_11 P A 0.0462 1.0054 3.3793 0.3548 0.0006003
HLA_DRB1_01 P A 0.0816 1.0642 0.5628 0.1835 0.001733
HLA_DRB1_1302 P A 0.0223 1.0356 8.0544 0.7326 0.004402
HLA_DQA1_02 P A 0.2844 0.9793 0.715 0.1197 0.005053
HLA_DQA1_0201 P A 0.2844 0.9793 0.715 0.1197 0.005053
HLA_DRB1_07 P A 0.2851 0.983 0.7162 0.1194 0.005159
HLA_DRB1_0701 P A 0.2851 0.983 0.7162 0.1194 0.005159
HLA_DQB1_0501 P A 0.0849 1.0867 0.6136 0.1785 0.006207
HLA_DRB1_13 P A 0.0798 0.9571 1.8167 0.2276 0.008706
HLA_DPB1_01 P A 00517 1.1277 0.5865 0.2201 0.01537
HLA_DPB1_0101 P A 0.0517 1.1277 0.5865 0.2201 0.01537
HLA_DQB1_0604 P A 0.0167 1.0537 5.7394 0.7483 0.01954
HLA_DRB1_0101 P A 0.0599 1.0835 0.6245 0.2094 0.02455
HLA_DRB1_14 P A 0.0318 0.9487 2.2516 0.3683 0.02754
HLA_DQB1_0302 P A 0.0932 0.957 1.5338 0.2026 0.03475
HLA_DQB1_0503 P A 0.031 0.9626 2.1587 0.3666 0.03583
HLA_DRB1_1501 P A 0.1091 1.113 0.7317 0.1591 0.04953




Table E7. Classical HLA-DRB1 alleles ordered by associated risk of developing ADA.
Corresponding amino acids at positions 9 and 71 are shown (discovery cohort: individuals
sampled 6-36 months after treatment initiation, n=784). Ydenotes classical HLA-DRB1 alleles
harbouring protective residues at either position 9 or position 71. W: tryptophan, E:
glutamic acid, K: lysine, R: arginine.

Freq OR SE P value Position 9 Position 71
HLA-DRB1*01" 0.0816 0.5628 0.1835 0.001733 w R
HLA-DRB1*07%  0.2851 0.7162 0.1194 0.005159 w R
HLA-DRB1*15" 0.1130 0.7761 0.1582 0.109 W A
HLA-DRB1*03" 0.1282 1.0375 0.1652 0.8238 E K
HLA-DRB1*16"  0.0082 1.1128 0.6151 0.8621 W R
HLA-DRB1*04® 0.1824 1.1579 0.1425 0.3035 E K
HLA-DRB1*10 0.0089 1.2430 0.6008 0.7173 E R
HLA-DRB1*12 0.0098 1.3287 0.5746 0.6209 E R
HLA-DRB1*09 0.0108 1.5096 0.5809 0.4784 K R
HLA-DRB1*13 0.0798 1.8167 0.2276 0.008706 E E
HLA-DRB1*14 0.0318 2.2516 0.3683 0.02754 E R
HLA-DRB1*08 0.0142 2.5133 0.5674 0.1043 E R
HLA-DRB1*11 0.0462 3.3793 0.3548 0.0006003 E R






