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Variables OR 95%Cl P
Age (year)

<50 1

>50 1.014 0.327-3.147 0.981
Gender

Male 1

Female 1.446 0.323-6.484 0.630
Smoking history

No 1

Yes 1.352 0.370-4.943 0.649
Alcohol history

No 1

Yes 0.245 0.048-1.249 0.091
Histology

7 WHO I 1

WHO III 2.631 0.615-11.301 0.998
AJCC stage

11 1

VA 3.886 1.269-11.906 0.017
Pretreatment EBV DNA level

Undetected 1

Detective 1112 0.125-9.909 0.924
PD-1 inhibitor

No 1

Yes 9.814 3.464-27.804 <0.001

IC, induction chemotherapy; WHO, World Health Organization; AJCC, American Joint
Committee on Cancer; EBV-DNA, Epstein Barr virus-deoxyribonucleic acid; OR, odds ratio;

CI, confidence interval.
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Variables OR 95%Cl P
Age (years)

<50 1

>50 7 1.850 0.947-3.617 0.072
Gender

Male 1

Female 1.100 0.409-2.956 ‘ 0.851

Smoking history

No 1

Yes 1.220 0.520-2.859 0.648

Alcohol history

No 1

Yes 0.874 0.397-1.922 0.737
Histology

WHO I 1

WHO TII 2.899 0.621-13.532 0.176
AJCC stage

11 1

VA 1.817 0.932-3.544 0.080

Pretreatment EBV DNA level

Undetected 1

Detective 1.006 0.333-3.038 0.991
PD-1 inhibitor

No 1

Yes 5378 2.413-11.989 <0.001

IC, induction chemotherapy; WHO, World Health Organization; AJCC, American Joint
Committee on Cancer; EBV-DNA, Epstein Barr virus-deoxyribonucleic acid; OR, odds ratio;
CI, confidence interval.





OPS/images/fimmu.2024.1415246/table4.jpg
Variables OR 95%Cl P
Age (years)

<50 1

>50 0.913 0.449-1.856 0.801
Gender

Male 1

Female 2.028 0.732-5.615 0.174

Smoking history

No 1

Yes 0.928 0.403-2.138 0.862

Alcohol history

No 1

Yes 0.75 0.339-1.661 | 0.479
Histology

WHO 11 1

WHO III 0.545 0.187-1.593 0.268
AJCC stage

11 1

VA 1.629 0.823-3.225 0.161

Pretreatment EBV DNA level

Undetected 1

Detective 0.711 0.248-2.034 0.525
PD-1 inhibitor

No 1

Yes 3:317 1.492-7.374 0.003

IC, induction chemotherapy; WHO, World Health Organization; AJCC, American Joint
Committee on Cancer; EBV-DNA, Epstein Barr virus-deoxyribonucleic acid; OR, odds ratio;
CI, confidence interval.
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The percentage of acute toxicities during induction chemotherapy plus PD-1 inhibitor treatment
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IC + PD-
1

Variables inhibitor P

Age (years)

<50 127 108 (56.0) 19 (59.4) 0.718

>50 98 85 (44.0) 13 (40.6)

Gender
Male ' 59 ' 53 (27.5) T 6 (18.8) 0.299
Female 166 140 (72.5) 26 (81.3)

Smoking history

No 115 102 (52.8) 13 (40.6) 0.200
Yes 110 91 (47.2) 19 (59.4)

Alcohol history

No 148 121 (62.7) 27 (84.4) 0.017
Yes 77 72 (37.3) 5 (15.6)

Histology
WHO 11 21 20 (10.4) 1(3.1) 0.324
WHO III 204 173 (89.6) 31 (96.9) 7

T stage
Tl 24 22 (11.4) 2(6.3) 0.674
i) 38 34 (17.6) 4 (12.5)
T3 117 98 (50.8) 19 (59.4)
T4 46 39 (20.2) 7 (21.9)

N stage
NO 1 0 (0.0) 1(3.1) 0.100
N1 49 43 (22.3) ‘ 6 (18.8)
N2 87 74 (38.3) 13 (40.6)
N3 88 76 (39.4) 12 (37.5)

AJCC stage
11 104 88 (45.6) 16 (50.0) 0.644
IVA 121 105 (54.4) 16 (50.0)

Pretreatment EBV-DNA level

Undetected 24 21 (10.9) 3(9.4) 1.000

Detective 201 172 (89.1) 29 (90.6)

IC, induction chemotherapy; WHO, World Health Organization; T, tumor; N, nodal; AJCC,
American Joint Committee on Cancer; EBV-DNA, Epstein Barr virus-deoxyribonucleic acid.
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Unadjusted

Adjusted

Odds of irAE (95% Cl) Unadjusted Odds of irAE (95% ClI) Adjusted

IrAE anytime ICI-IA vs controls p-valuet ICI-IA vs controls p-value!

Any IrAE 3.10 (1.87-5.15) <0.001 291 (1.74-4.87) <0.001

Cutaneous 334 (2.12-5.25) <0.001 3.18 (2.00-5.06) <0.001

Endocrine 3.18 (1.85-5.48) <0.001 270 (1.54-4.72) <0.001
Thyroid 313 (1.71-5.73) <0.001 2.67 (1.43-4.99) 0.002
Hypophysitis/Adrenal Insuff. 4.28 (1.99-9.24) <0.001 3.35 (1.52-7.37) 0.003
Diabetes 1.97 (0.23-17.04) 0.539 2.53 (0.27-23.64) 0415

Gastrointestinal 3.09 (1.95-4.90) <0.001 2.90 (1.81-4.66) <0.001
Diarrhea/Constipation 271 (1.65-4.46) <0.001 259 (1.55-4.31) <0.001
Colitis 247 (1.15-5.28) 0.020 2.18 (0.99-4.80) 0.054

Hepatic 2.17 (0.98-4.80) 0.057 1.97 (0.86-4.49) 0.107

Pneumonitis 0.61 (0.22-1.73) 0.356 0.64 (0.22-1.81) 0.397

Cardiac 9.89 (0.61-159.42) 0.106 10.74 (0.62-186.55) 0103

Encephalitis 1.40 (0.17-11.53) 0.753 1.28 (0.15-10.95) 0.820

Unadjusted Adjusted

Odds of irAE (95% ClI) Unadjusted QOdds of irAE (95% ClI) Adjusted

IrAE Prior to ICI-IA ICI-IA vs controls p-valuet ICI-IA vs controls p-valuet
Cutaneous 165 (1.00-2.72) 0.048 158 (0.95-2.63) 0077
*Endocrine 1.02 (0.47-2.18) 0.963 081 (0.37-1.77) 0595
Thyroid 085 (0.33-2.18) 0735 0.67 (0.26-1.77) 0421
Hypophysitis/Adrenal Insuff. 2.45 (0.98-6.13) 0.056 1.81 (0.70-4.65) 0218
Diabetes 1.97 (0.23-17.04) 0.539 2.53 (0.27-23.64) 0415

Gastrointestinal 1.76 (1.07-2.90) 0.027 1.62 (0.97-2.71) 0.065
Diarrhea/Constipation 155 (0.88-2.73) 0.126 144 (0.81-2.56) 0215
Colitis 1.87 (0.81-4.32) 0.142 166 (0.70-3.93) 0251

Hepatic 1.03 (0.36-2.96) 0.954 0.91 (0.31-2.69) 0.863

Pneumonitis*

Cardiac*

Encephalitis*

Cutaneous 091 (0.51-1.62) 0.744 0.82 (0.45-1.48) 0510

Endocrine 176 (0.94-3.32) 0.079 145 (0.76-2.79) 0262
Thyroid 2.01 (1.01-4.00) 0.045 1.67 (0.82-3.39) 0.155
Hypophysitis/Adrenal Insuff. 1.59 (0.54-4.68) 0.398 1.24 (0.41-3.69) 0.703
Diabetes*

Gastrointestinal 0.74 (0.39-1.40) 0358 0.68 (0.36-1.30) 0243
Diarrhea/Constipation 083 (0.42-1.65) 0.600 0.77 (0.38-1.55) 0463
Colitis 050 (0.12-2.12) 0351 0.44 (0.10-1.90) 0271

Hepatic 1.03 (0.36-2.96) 0.954 0.88 (0.30-2.59) 0.815

Pneumonitis 061 (0.22-1.73) 0356 0.64 (0.22-1.81) 0397

Cardiac 9.89 (0.61-159.44) 0.106 10.74 (0.62-186.55) 0.103

Encephalitis 140 (0.17-11.53) 0753 1.28 (0.15-10.95) 0.820

Covariates included for adjusted odds ratios (ORs) were sex, age, race, ethnicity, cancer type, first ICI regimen, and prior autoimmune disease. IrAE anytime: in cases, irAEs included were those
that developed at any time in the patient medical history. IrAE Prior to ICI-IA: in cases, irAEs included were those that developed prior to ICI-IA. IrAE post ICI-IA: irAEs included where those
that developed after ICI-IA. In controls, irAEs that developed at any time in the medical history were included for all comparisons. Endocrine irAEs included thyroid, hypophysitis/adrenal
insufficiency (Insuff.), and diabetes. Gastrointestinal irAEs included diarrhea/constipation and colitis.
“These irAE had zero cases in our ICI-IA cohort at these timepoints.

"P-values < 0.05 significant (bold).

Cases were 89 patients with ICI-IA. Controls were 871 patients without ICI-IA.
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Feature

negatively associated positively associated
with ICI-IA with ICI-IA

Erythrocyte sedimentation rate (CPT: 85652) Aft
Unspecified joint pain (ICD10: M2550) Aft
Erythrocyte sedimentation rate(LOINC: 4537-7) Aft
Predinisone (RxNorm: 8640) Aft
C-reactive protein (CPT: 86140) Aft
Creatine kinase (LOINC: 2157-6) Aft
C-reactive protein (LOINC: 1988-5) Aft
Unspecified osteoarthritis (ICD10: M1990) Aft
Cortisol (LOINC: 2143-6) Aft
Cortisol (LOINC: 9812-9) Aft
Creatine kinase (CPT: 82550) Aft
Cortisol (LOINC: 9813-7) Aft
Cortisol (CPT: 82533) Aft
lohexol (RxNorm: 5956) Aft
Unspecified arthropathy (ICD10: M129) Aft
Triiodothyronine (T3) assay (CPT: 84480) Aft
Unspecified knee pain (ICD10: M25569) Aft
Triiodothyronine (T3) assay (LOINC: 3053-6) Aft
Gadobutrol (RxNorm: 84990) Aft
Anti-cyclic citrullinated peptide antibody (CPT: 86200) Aft
Right knee pain (ICD10: M25561) Aft
Chemotherapy infusion (CPT: 96413) Aft
Left knee pain (ICD10: M25562) Aft
Rheumatoid factor (CPT: 86431) Aft
Rheumatoid factor (LOINC: 11572-5) Aft
CT, abdominal (CPT: 74177) Aft
Rheumatoid factor (LOINC: 6928-6) Aft
CT, chest (CPT: 71260) Aft
Encounter for antineoplastic immunotherapy (ICD10: Z5112) Aft
Inflammatory polyarthropathy (ICD10: M064) Aft
Outpatient visit, 15 minutes (CPT: 99213) Aft
Anti-cyclic citrullinated peptide antibody (LOINC: 32218-0) Aft
Other chronic pain (ICD10: G8929) Aft
Triiodothyronine (T3) assay (CPT: 84480) Bef
Barium sulfate (RxNorm: 1331) Aft
Thyroid stimulating hormone (LOINC: 3016-3) Aft
Anti-cyclic citrullinated peptide antibody (LOINC: 57093-7) Aft
Thyroid stimulating hormone (CPT: 84443) Aft
Methylprednisolone (RxNorm: 6902) Aft
Anti-cyclic citrullinated peptide antibody (LOINC: 53027-9) Aft
Estradiol (LOINC: 2243-4) Aft
Myositis (ICD10: M609) Aft
Triamcinolone (RxNorm: 10759) Aft
Serum anion gap (LOINC: 33037-3) Aft
Encounter, immunization (ICD10: Z23) Aft
Encounter, endocrine disorder screening (ICD10: Z1329) Aft
Lactate dehydrogenase (LOINC: 2532-0) Aft
Myalgia, unspecified site (ICD10: M7910) Aft
Vascular ultrasound guidance (CPT: 76937) Bef
Outpatient visit, 60 minutes (CPT: 99244) Aft
Other malaise (ICD10: R5381) Aft
Pruritis, unspecified (ICD10: L299) Aft
COVID-19 RT-PCR (CPT: 87635) Aft
lopamidol (RxNorm: 5966) Aft
Myalgia (ICD10: M791) Aft

0.000 0.002 0.004 0.006 0.1 1.0 10.0
Random forest Odds ratio of feature
feature importance ICI-1A versus non-ICI-IA

B cua [ iraE || Other
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ICI Cohort: 2451 cancer patients receiving ICI therapy

89 case
ICI-1A cohort

All events
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- Medications: RxNorm
- Labs: LOINC
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Full models (N features = 32,682)

Model AUROC Accuracy Sensitivity Specificity
0.77 0.72 0.73 0.71 0.09 0.99
Logistic Regression (0.73-0.82) (0.51-0.92) (0.49-0.96) (0.50-0.93) (0.05-0.14) (0.98-1.00)
0.81 0.77 0.74 0.77 0.11 0.99
Random Forest (0.76-0.86) (0.60-0.93) (0.56-0.91) (0.59-0.94) (0.05-0.18) (0.98-0.99)

Models trained on top 31 EHR codes

Model AUROC Accuracy Sensitivity Specificity
0.80 0.80 0.70 0381 0.13 099
Logistic Regression (0.75-0.86) (0.65-0.95) (0.53-0.87) (0.64-0.97) (0.06-0.20) (0.98-0.99)
0.81 079 071 079 0.13 099
Random Forest (0.75-0.86) (0.63-0.94) (0.54-0.88) (0.62-0.95) (0.03-0.22) (0.98-0.99)

Accuracy, sensitivity, specificity, PPV, and NPV were calculated optimizing Youden’s J.
AUROC, area under the receiver operating characteristic curve; PPV, positive predictive value; NPV, negative predictive value.
Confidence intervals in parentheses are 95% confidence intervals calculated by bootstrapping model development 100 times.
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Cancer Unadjusted OR (95% ClI) P-value! Adjusted OR (95% CI) P-valuet

Lung Cancer 1.00 (reference) 100 (reference)

Melanoma 228 (136-3.78) 0.001 199 (1.08-3.65) 0.026
Renal Cell Carcinoma 2.42 (1.35-4.22) 0.002 2.03 (1.06-3.84) 0.031
Breast Cancer 1.6 (0.09-8.29) 0.624 167 (0.09-8.91) 0627
Endometrial Cancer 3.05 (0.17-16.16) 0.291 221 (0.12-12.33) 0460
Urothelial Cancer 0.52 (0.08-1.73) 0.371 0.70 (0.11-2.43) 0638
Other Malignancy 1.33 (0.21-4.53) 0.700 125 (0.20-4.40) 0763
First ICI Unadjusted OR (95% ClI) P-value! Adjusted OR (95% CI) P-valuet
Pembrolizumab 1.00 (reference) 100 (reference)

Nivolumab 1.23 (0.69-2.14) 0.478 0.95 (0.52-1.71) 0855
Ipilimumab 0.84 (0.20-2.43) 0.782 0.49 (0.11-1.57) 0282
Combination* 2.89 (1.67-4.99) | <0001 » 1.86 (1.01-3.43) 0.046
Durvalumab 115 (0.39-2.78) 0.780 122 (0.40-3.07) 0703
Atezolizumab 0.37 (0.09-1.04) 0.099 0.40 (0.09-1.16) 0137

Covariates included for adjusted odds ratios (ORs) were sex, age, race, ethnicity, as well as cancer type for ICI ORs and first ICI regimen for cancer type ORs.
*Combination: Nivolumab-Ipilimumab.
P-values < 0.05 significant (bold).
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ML Control

N=2362
Sex, n (%)
Male 1355 (55.3) 48 (53.9) 1307 (55.3)
Female 1096 (44.7) 41 (46.1) 1055 (44.7)

i Age, n (%)

20-29 10 (0.4) 10 (0.4)
30 -39 43 (1.8) 1(L.1) 42 (1.8)
40 - 49 101 >(4.1) 5(5.6) 96 (4.1)
50 - 59 284 (11.6) 15 (16.9) 269 (11.4)
60 - 69 716 (29.2) 29 (32.6) 687 (29.1)
70 - 79 776 (31.7) 25 (28.1) 751 (31.8)
80 - 89 441 (18.0) 13 (14.6) 428 (18.1)
>=90 80 (3.3) 1(L.1) 79 (3.3)
Race, n (%)
White 1935 (78.9) 77 (86.5) 1858 (78.7)
Black or African American 198 (8.1) 4 (4.5) 194 (8.2)
Asian 96 (3.9) 1(1.1) 95 (4.0)
Other 111 (4.5) 5(5.6) 106 (4.5)
Unknown 111 (4.5) 2(22) 109 (4.6)
Ethnicity, n (%)
Hispanic or Latino 109 (4.4) 2(22) 107 (4.5)
Not Hispanic or Latino 2220 (90.6) 84 (94.4) 2136 (90.4)
Unknown 122 (5.0) 3(3.4) 119 (5.0)
Cancer, n (%)
Lung Cancer 1278 (52.1) 34 (38.2) 1244 (52.7)
Melanoma 495 (20.2) 29 (32.6) 466 (19.7)
Renal Cell Carcinoma 323 (13.2) 20 (22.5) 303 (12.8)
Breast Cancer 23 (0.9) 1(1.1) 22 (0.9)
Urothelial Cancer 143 (5.8) 2(22) 141 (6.0)
Endometrial Cancer 13 (0.5) 1(1.1) 12 (0.5)
Other Malignancy 57 (2.3) 2(22) 55 (2.3)
Cervical Cancer 1 (0.0) 1 (0.0)
Colon Cancer 17 (0.7) 17 (0.7)
Esophageal Cancer 4(02) 4(02)
Gastric Cancer 4(02) 4(0.2)
Head and Neck Cancer 52 (2.1) 52 (2.2)
Hodgkins Lymphoma 1 (0.0) 1 (0.0)
Leukemia 6(0.2) 6(0.3)
Liver Cancer 6(02) 6(0.3)
Merkel Cell Carcinoma 6(02) 6(0.3)
Other Lymphoma 6(02) 6(0.3)
Prostate Cancer 15 (0.6) 15 (0.6)
Rectal Cancer 1 (0.0) 1 (0.0)
First ICI, n (%)
Pembrolizumab 941 (38.4) 28 (31.5) 913 (38.7)
Nivolumab 635 (25.9) 23 (25.8) 612 (25.9)
Ipilimumab 119 (4.9) 3(3.4) 116 (4.9)
Combination* 332 (13.5) 27 (30.3) 305 (12.9)
Durvalumab 147 (6.0) 5(5.6) 142 (6.0)
Atezolizumab 271 (11.1) 3(3.4) 268 (11.3)
Avelumab 5(02) 5(0.2)
Cemiplimab 1(0.0) 1(0.0)
Prior Autoimmune Disease, n (%)
No Prior 2339 (95.4) 87 (97.8) 2252 (95.3)
Prior 112 (4.6) 2(22) 110 (4.7)

ICI-IA, Immune checkpoint inhibitor-induced inflammatory arthritis; ML, Machine learning.

*Combination: Nivolumab-Ipilimumab.
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Rheumatoid factor, n (%)

Positive 5(6)
Negative 15 (17)
Anti-CCP Antibodies, n (%)
Positive 0(0)
Negative 16 (18)
Anti-Nuclear Antibodies, n (%)
Positive 9 (10)
Negative 6(7)
Arthritis Treatment, n (%)
Steroids 43 (48)
NSAID 33 (37)
Joint Injection 9 (10)
DMARD 6(7)
Apremilast 1(1)
None Documented 31 (35)
Joint Involvement, n (%)
Hand 31 (35)
Wrist 12 (13)
I Elbow 5(6)

Shoulder 28 (31)
Neck 5(6)
Back 9 (10)
Hip 18 (20)
Knee 42 (47)
Ankle 13 (15)
Foot 7 (8)
Diffuse 27 (30)
Comorbid irAE, n (%)
Cutaneous 38 (43)
Endocrine

Thyroid 16 (18)

Hypophysitis/ Adrenal Insufficiency 10 (11)

Diabetes 1(1)
Gastrointestinal

Diarrhea/Constipation 26 (29)

Colitis ‘ 9 (10)
Hepatic ‘ 8(9)
Pneumonitis ‘ 4 (4)
Cardiac ‘ 1(1)
Encephalitis ‘ 1(1)
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