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Construction of predictive model for programmed death-1 inhibitor-related endocrine adverse events
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1. School of Clinical Medicine, Renji Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200127, China
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4. Department of Oncology, Ningbo Hangzhou Bay Hospital, Ningbo 315000, Zhejiang, China
5. Department of Endocrinology and Metabolism, Renji Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai
200127, China

[ Abstract] Objective To identify the independent predictors of programmed death-1 (PD-1) inhibitor-related endocrine
adverse events and construct a clinically usable risk prediction model. Methods A total of 302 patients with solid tumors treated
with PD-1 inhibitors were retrospectively enrolled. According to the presence or absence of endocrine immune-related adverse events
(irAEs), the patients were divided into case group and control group. The clinical and laboratory indexes were compared between the
two groups. Multivariable logistic regression was used to confirm independent predictors of endocrine irAEs. The nomogram was
constructed, while the receiver operating characteristic (ROC) curve was used to test the prediction performance of the model.
Results The overall incidence of endocrine irAEs was 21.9% (66/302), and the incidence of hypothyroidism was 19.5% (59/302).
The age, PD-1 inhibitors, free thyroxine, thyroid peroxidase antibody (TPOADb), thyroglobulin, amylase, lymphocyte subset CD3
expression were statistically different between the two groups (P<<0.05). Multivariable logistic regression showed that higher
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expression of lymphocyte subset CD3 was a protective factor to prevent endocrine irAEs occurrence (P=0.004), while age<<60

years, higher TPOAb and use of pembrolizumab were independent risk factors of endocrine irAEs (P<<0.05). The nomogram model

thus constructed, and when the threshold probability of the model exceeded 0.1, its net benefit was higher. ROC curve showed that

the AUC of the model to predict endocrine irAEs was 0.760. The prediction result of the model was highly consistent with the actual

result. Conclusions The age, type of PD-1 inhibitor, baseline TPOAD level, and baseline CD3 expression can independently predict

endocrine irAEs occurrence or not. The nomogram model based on this model has good predictive efficiency, which can provide

reference for early identification of high-risk patients and immunotherapy management.

[Key Words] immune checkpoint inhibitor; immune-related adverse event; endocrine; predictive model
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Table 1 Overall clinical characteristics of patients

n=302
Index n(%)
Age
<60 years 93(30.8)
=60 years 209(69.2)
Sex
Female 97(32.1)
Male 205(67.9)
Line of treatment
Neoadjuvant therapy 9(3.0)
First-line treatment 182(60.3)
Second-line treatment 39(12.9)
Third-line treatment 37(12.3)
Fourth-line treatment 9(3.0)
Fifth-line treatment 2(0.7)
Unknown 24(7.9)
Malignant tumor type
Cancer of the gallbladder or bile duct 8(2.6)
Independent multiple primary tumor 6(2.0)
Lung cancer 99(32.8)
Liver cancer 16(5.3)
Colorectal cancer 34(11.3)
Urinary system neoplasm 24(7.9)
Breast cancer 2(0.7)
Reproductive system neoplasm 8(2.6)
Esophageal cancer 20(6.6)
Cancer of the stomach or duodenum 40(13.2)
Pancreatic cancer 19(6.3)
Other 23(7.6)
PD-1 inhibitor
Pembrolizumab 127(42.1)
Sintilimab 120(39.7)
Other 55(18.2)
Endocrine irAEs 66(21.9)

irAEs: immune-related adverse events; PD-1: programmed
death-1.
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Figure 1 Inducing drugs and temporal distribution of different endocrine irAEs
irAEs: immune-related adverse events.
®2 W IrAEs FEREESH
Table 2 Univariate analysis of endocrine irAEs
n(%)
Index Control group Case group s Jig
Sex 1.285 0.297
Female 72(23.8) 25(8.3)
Male 164(54.3) 41(13.6)
Age 10.368 0.002
<<60 years 62(20.5) 31(10.3)
=60 years 174(57.6) 35(11.6)
Ki-67 3.309 0.190
<25% 23(11.9) 13(6.7)
>50% 75(38.9) 25(13.0)
20%-50% 46(23.8) 11(5.7)
PD-1 inhibitor 11.090 0.004
Pembrolizumab 89(29.5) 38(12.6)
Sintilimab 105(34.8) 15(5.0)
Other 42(13.9) 13(4.3)
PD-L1 negative 40(33.9) 17(14.4) 0.719 0.412
Endocrine function
Free triiodothyronine 0.954 0.447
Low 14(7.3) 8(4.2)
Normal 125(65.1) 45(23.4)
Free thyroxine 0.029
High 3(1.6) 1(0.5)
Low 28(14.6) 3(1.6)
Normal 108(56.3) 49(25.5)
Thyroid stimulating hormone 0.083
High 10(5.2) 9(4.7)
Low 3(1.6) 0
Normal 126(65.6) 44(22.9)
Thyroid peroxidase antibody 0.012
High 6(3.2) 8(4.3)
Normal 131(70.1) 42(22.5)
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Continued table 2

Index Control group Case group Vs P

Thyroglobulin 0.004
High 3(1.6) 7(3.8)
Normal 133(71.9) 42(22.7)

Testosterone 0.714
Low 7(7.2) 3(3.1D)
Normal 65(67.0) 22(22.7)

Progesterone 0.613
Low 1(1.6) 1(1.6)
Normal 39(60.9) 23(35.9)

Estradiol 1.000
High 2(2.0) 0
Low 9(9.2) 3(3.1)
Normal 62(63.3) 22(22.4)

Prolactin 1.819 0.238
High 32(32.3) 7(7.1)
Normal 42(42.4) 18(18.2)

Follicle stimulating hormone 1.517 0.291
High 21(21.2) 4(4.0)
Normal 53(53.5) 21(21.2)

Luteinizing hormone 0.282
High 23(23.2) 4(4.0)
Low 2(2.0) 0
Normal 49(49.5) 21(21.2)

Adrenocorticotropic hormone 0.406
High 20(22.0) 7(7.7)
Low 0 1(1.1)
Normal 47(51.6) 16(17.6)

Cortisol 0.875
High 7(7.4) 2(2.1)
Low 2(2.1) 1(1.1)
Normal 57(60.6) 25(26.6)

Growth hormone 0.009 1.000
High 20(23.3) 8(9.3)
Normal 42(48.8) 16(18.6)

Inflammatory and metabolic marker

C-reactive protein 0.338 0.657
High 81(29.3) 26(9.4)
Normal 133(48.2) 36(13.0)

Amylase 0.008
High 6(3.6) 9(5.3)
Low 3(1.8) 2(1.2)
Normal 114(67.5) 35(20.7)

Blood cell

White cell count 1.608 0.460
High 29(9.8) 12(4.1)
Low 24(8.1) 5(1.7)
Normal 176(59.7) 49(16.6)

Neutrophil count 0.375
High 27(9.2) 12(4.1)
Low 17(5.8) 5(1.7)
Normal 185(62.7) 49(16.6)
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Continued table 2
Index Control group Case group Ve P
Lymphocyte subset
CD19" 0.419
High 5(2.6) 1(0.5)
Low 49(25.1) 11(5.6)
Normal 94(48.2) 35(17.9)
CD3’ 0.011
High 54(23.8) 7(3.1)
Low 11(4.8) 8(3.5)
Normal 111(48.9) 36(15.9)
CD4' 0.231
High 61(26.9) 12(5.3)
Low 13(5.7) 6(2.6)
Normal 102(44.9) 33(14.5)
CD8' 0.294
High 13(7.3) 1(0.6)
Low 6(3.4) 2(1.1)
Normal 113(63.5) 43(24.2)
CD4'/CD8’ ratio 5.145 0.073
High 52(22.9) 7(3.1)
Low 17(7.5) 6(2.6)
Normal 107(47.1) 38(16.7)
CD56' 0.406
High 54(23.9) 12(5.3)
Low 5(2.2) 3(1.3)
Normal 116(51.3) 36(15.9)
Regulatory T cell 0.184
High 16(11.3) 2(1.4)
Low 27(19.1) 9(6.4)
Normal 59(41.8) 28(19.9)
Cytokine
Interferon-a 1.000
High 7(4.7) 2(1.3)
Normal 107(71.8) 33(22.1)
Tumor necrosis factor-a 1.000
High 16(7.7) 4(1.9)
Normal 144(69.2) 44(21.2)
Interleukin-2 1.000
High 3(1.4) 1(0.5)
Normal 158(75.6) 47(22.5)
Interleukin-4 4.225 0.051
High 44(21.2) 6(2.9)
Normal 117(56.3) 41(19.7)
Interleukin-6 0.219 0.716
High 117(55.7) 33(15.7)
Normal 45(21.4) 15(7.1)
Interleukin-8 0.058 0.845
High 74(48.7) 23(15.1)

Normal 41(27.0) 14(9.2)
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Continued table 2
Index Control group Case group Ve P
Interleukin-10 1.151 0.364
High 27(12.9) 5(2.4)
Normal 134(64.1) 43(20.6)
Interleukin-17 0.307
High 12(6.0) 1(0.5)
Normal 142(70.6) 46(22.9)
irAEs: immune-related adverse events; PD-1: programmed death-1.
*3 MNP irAEs % E X logistic B34 17
Table 3 Multivariate logistic regression analysis of endocrine irAEs
Variable B SE Wald OR(95% CI) P
Age (=60 years vs <<60 years ) -0.939 0.421 4.967 0.391(0.171-0.893) 0.026
TPOAD (high vs normal) 1.864 0.697 7.160 6.448(1.646-25.253) 0.007
CD3 expression (vs normal)
Low 0.437 0.662 0.436 1.548(0.423-5.669) 0.509
High —1.945 0.675 8.301 0.143(0.038-0.537) 0.004
PD-1 inhibitor (vs sintilimab)
Pembrolizumab 1.111 0.519 4.586 3.037(1.099-8.394) 0.032
Other 1.599 0.755 4.482 4.949(1.126-21.752) 0.034

irAEs: immune-related adverse events; TPOAb: thyroid peroxidase antibody, 0-34 IU/mL is as normal, >34 IU/mL is as high;
CD3 expression 53.3%-81.22% is as normal, << 53.3% is as low, >81.22% is as high; PD-1: programmed death-1.
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Figure 2 Construction and validation of a nomogram model to predict endocrine irAEs

A: Nomogram model; B: Decision curve analysis; C: Receiver operating characteristic curve; D: Calibration curve. irAEs:

immune-related adverse events; TPOAD: thyroid peroxidase antibody, 0-34 IU/mL is as normal, >34 IU/mL is as high; CD3
expression 53.3%-81.22% is as normal, << 53.3% is as low, >81.22% is as high; AUC: area under the curve.
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