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Analysis of risk factors related to thyroid function abnormality caused by programmed death-1 inhibitors
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[ Abstract] Objective To investigate the clinical characteristics and influencing factors of thyroid function abnormality
(TFA) in patients with malignant tumors receiving programmed death-1 (PD-1) inhibitor therapy, and its correlation with PD-1
inhibitors. Methods A retrospective analysis was conducted on the clinical data and biochemical indicators of 669 patients with
malignant tumors who received PD-1 inhibitor therapy. Of these, 561 patients maintained normal thyroid function (normal group),
while 108 developed TFA (TFA group). Baseline characteristics, PD-1 inhibitor type, tumor type, and other indice were compared
between the two groups. Univariate and multivariate logistic regression analyses were performed to identify related factors for TFA
development. Additionally, the relationship between PD-1 inhibitors and TFA types was further analyzed within the TFA group.
Results The rates of patients treated with pembrolizumab and with respiratory tumors were significantly higher in TFA group than
those in the normal group (P<<0.01). Multivariate logistic regression analysis revealed that treatment with pembrolizumab and with

respiratory tumor increased 5.350 and 1.514 times than tislelizumab and digestive tumor for risk of TFA development, respectively
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(P<<0.01). Within the TFA group, hypothyroidism was the predominant type (75, 69.4%); treatment with pembrolizumab increased
g y Y y

2.999 times than tislelizumab for development risk of hyperthyroidism (P=0.042). Conclusions Among patients with malignant

tumors treated with PD-1 inhibitors, pembrolizumab is more frequently associated with TFA, and patients with respiratory tumors

were at a higher risk of developing TFA. Clinicians should closely monitor thyroid function in patients with respiratory tumors

treated with pembrolizumab.

[ Key Words] programmed death-1 inhibitor; malignant tumor; thyroid function abnormality; immune-related adverse

event
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Table 1 Clinical characteristics of patients with malignant tumors receiving PD-1 inhibitor treatment

Index Normal group (n=>561) TFA group (n=108) P
Age/year 62.11%+12.31 59.38410.81 0.084
Male n(%) 310(55.3) 53(49.1) 0.237
BMI/(kgem ?) 22.28+3.19 21.61+3.08 0.121
Diabetes n(%) 19(3.4) 9(8.3) 0.019
Hypertension n(%) 28(5.0) 32(29.6) 0.572
FT4/(pmolsL™") 15314237 15.16+7.63 0.906
FT3/(pmolsL™") 4844221 4.20(3.10, 4.91) 0.771
TSH/(IU-L ™) 1.51(1.23, 2.68) 6.76(0.84, 27.93) <0.001
TGAb/(IUsmL ™) 8(1.4) 26(24.1) 0.553
TPOAb/(IUsmL ™) 16(2.9) 44(40.7) 0.849
WBC/(X10%L™) 5.31(3.91, 7.07) 6.06+2.36 0.728
Hb/(geL ™) 113.28+23.09 112.83+19.56 0.893
NEU/(X10°sL™") 3.43(2.29, 5.01) 3.82(2.63, 5.10) 0.690
LYM/(X10°sL™") 1.25+0.62 1.17+0.58 0.398
Alb/(geL™") 40.08 +5.04 40.54+5.19 0.561
ALT/(UsL™ 15.50(9.00, 29.25) 17.00(10.75, 26.00) 0.489
AST/(U-L™) 19.50(15.00, 29.25) 21.50(16.00, 33.00) 0.743
GGT/(UsL™) 32.50(21.25, 49.75) 34.00(19.00, 67.50) 0.126
BUN/(mmolsL ") 5.63+2.53 5.834+2.02 0.592
Cr/(umoleL™") 77.22+39.74 76.24+23.57 0.854
TG/(mmoleL™") 1.32(0.96, 1.93) 1.41(1.13, 2.09) 0.252
TC/(mmolsL™) 4.48+1.20 4.92+1.47 0.167
HDL/(mmolsL™") 1.164+0.34 1.104+0.31 0.429
LDL/(mmolsL ") 2.69+1.04 2.96+1.14 0.295
AFP/(ngemL™") 3.40(2.50, 4.60) 3.60(2.53, 4.88) 0.315
CEA/(ngemL™") 2.95(1.60, 6.10) 2.50(1.28, 4.13) 0.414
CYFRA 21-1/(ngemL™") 3.62(2.30, 6.92) 4.00(2.72, 6.36) 0.691
CA19-9/(UsmL™) 14.10(7.55, 26.15) 12.50(7.83, 18.75) 0.212
Immunotherapy drug n(%) <<0.001

Pembrolizumab 40(7.1) 19(17.6) <0.001

Camrelizumab 126(22.5) 23(21.3) 0.790

Tislelizumab 130(23.2) 23(21.3) 0.671

Sintilimab 185(33.0) 43(39.8) 0.170

Tremelimumab 80(14.3) 0 <<0.001
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Continued table 1

Index Normal group (n=561) TFA group (n=108) P
Primary tumor site n(%) 0.009
Urinary system 25(4.5) 1(0.09) 0.102
Digestive system 305(54.4) 53(49.1) 0.313
Respiratory system 70(12.5) 24(22.2) 0.008
Breast and gynecological system 115(20.5) 26(24.1) 0.404
Other system 45(8.0) 4(3.7) 0.065

PD-1: programmed death-1; TFA: thyroid function abnormality; BMI: body mass index; FT3: free triiodothyronine; FT4: free
thyroxine; TSH: thyroid-stimulating hormone; TGAb: thyroglobulin antibody; TPOADb: thyroid peroxidase antibody; WBC: white
blood cell count; Hb: hemoglobin; NEU: neutrophil granulocyte count; LYM: lymphocyte count; Alb: Albumin; ALT: alanine

aminotransferase; AST: aspartate aminotransferase; GGT: gamma-glutamyl transferase; BUN: urea nitrogen; Cr: creatinine; TG:

triglyceride; TC: total cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein; AFP: alpha-fetoprotein; CEA:

carcinoembryonic antigen; CYFRA 21-1: cytokeratin 19 fragment; CA19-9: carbohydrate antigen 19-9.

22 TFA X AARKX B ZE 44 Logistic [IIH53 41
i (R 2) Wom: AR ER BT R IE I E
JifRd R Hz5Z PD-1 J i 500 (% s £ 3 & A= TFA (1)
fEbr Rz (P<0.05) 5 JAHEM] . AEHY . BEIRE

S SR, e e TR R BT AT I G g £R B AR
X E M B AP T AL TE g R B & TFA B XL
S (P<<0.01) .

* 2 #EZ PD-1 HIHIFAITTEEMEEE R E TFA B logistic B30 47

Table 2 Logistic regression analysis of TFA development in patients with malignant tumors receiving PD-1 inhibitors

treatment

Variable

Univariate analysis

Multivariate analysis

OR(95%CTI)

Immunotherapy drug using (vs tislelizumab)

Pembrolizumab
Camrelizumab

Sintilimab

Primary tumor (vs digestive system)

Urinary system
Respiratory system

Breast and gynecological system

Other system

2.685(1.329-5.425)
1.032(0.551-1.933)
1.314(0.755-2.286)

0.230(0.031-1.735)
1.973(1.141-3.412)
1.373(0.818-2.304)
0.451(0.157-1.301)

P OR(95%CTI) P
0.006 6.350(1.637-24.631) 0.008
0.922 0.993(0.440-2.241) 0.986
0.334 1.339(0.652-2.748) 0.427
0.154 0.147(0.018-1.205) 0.074
0.015 2.514(1.398-4.521) 0.002
0.230 1.321(0.782-2.230) 0.298
0.141 0.365(0.125-1.069) 0.066

In multivariate analysis, gender, age, and history of diabetes are adjusted. PD-1: programmed death-1; TFA: thyroid function

abnormality.

23 AREEA TFA &5 6906 R4F4EL8 TFA
B, DB BCEE W (75 61, 69.4%) . 45
(£3) s WILEE TFA LA maE T H
BE (P=0.009) , o FH WA 2R B0 LR
FTHEEE (P=0021) .

24 WA EEKRZESH  Logistic [BIH5
Br (% 4) Won: (HAAHRZRADTS HITRE
XK (P=0.042) ; V849 TFA KARf)S, f#H
WAL B SR AR 3 Y 0 & A IR e 1 P 2 7 M 2k

PR E A 12,999 £ (P=0.042) .
3 it 8

AR, PD-1 #0 FI7E Z R g g h
JEBH TR, R R A R R T
FB, Bt 5 S8 irAEs, AR A, EHEZ
PD-1 il Fya 7 0B R s, TFA &
M %k 16.14% (108/669 ) , SHEA#FZE" " 4
fFo =M, ANFE PD-1 465 5 250
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Table 3 Comparison of clinical characteristics of patients with different types of TFA after PD-1 inhibitor treatment

Index Hyperthyroid group (n=33) Hypothyroid group (n=75) P
Agelyear 58.26+10.33 59.88+11.04 0.570
Male n(%) 14(42.4) 39(52.0) 0.359
BMI/(kgem?) 22.07£2.79 21.40£3.19 0.341
Diabetes n(%) 3(9.1) 6(8.0) 0.850
Hypertension n(%) 9(27.3) 23(30.1) 0.722
Time to TFA development/d 68.00(22.00, 104.00) 108.00(61.00, 223.00) 0.009
FT4/(pmolsL™") 22.26+8.19 12.04+4.78 <0.001
FT3/(pmolsL ") 6.22+3.20 3.69+1.72 <0.001
TSH/(TU-L™) 0.23(0.03, 0.41) 11.56(6.27, 43.63) <<0.001
TGAb/(IUsmL™) 10(30.3) 16(21.3) 0.315
TPOAb/(IUsmL™) 13(39.4) 31(41.3) 0.850
WBC/(X 10%L™) 5.934+2.00 6.12+2.55 0.820
Hb/(gsL™) 118.79+20.88 109.72£18.30 0.030
NEU/(X10°sL™") 3.84(2.55,5.73) 3.80(2.63, 5.07) 0.540
LYM/(X10°sL7") 1.2440.59 1.14£0.58 0.330
Alb/(geL™") 41.48+5.86 40.0614.80 0.291
ALT/(U-L™) 20.00(10.25, 28.75) 17.00(10.75, 23.00) 0.760
AST/(U-L™) 21.50(15.50, 33.00) 21.50(16.00, 28.25) 0.801
GGT/(U-L™) 27.00(18.00, 65.00) 38.50(19.75, 70.25) 0.752
BUN/(mmolsL™") 5.77%£1.70 5.861+2.18 0.891
Cr/(umoleL ™) 76.541+19.63 76.09+25.59 0.921
TG/(mmoleL™") 1.81(1.34,2.43) 1.34(1.09, 2.08) 0.801
TC/(mmol-L™) 522+1.54 4.78+1.45 0.450
HDL/(mmolL™") 1.104+0.42 1.10+0.26 0.970
LDL/(mmolsL™") 3.08+1.27 2.90+1.10 0.701
AFP/(ngemL™") 3.15(2.30, 5.45) 3.65(2.55, 4.33) 0.592
CEA/(ngemL™") 2.15(1.23, 4.88) 2.80(1.50, 4.10) 0.811
CYFRA 21-1/(ngsmL™") 4.17(2.40,5.57) 3.99(2.81, 7.13) 0.321
CA19-9/(UsmL™) 13.70(7.95, 19.77) 11.85(7.55, 17.88) 0.320
Immunotherapy drug n(%) 0.067

Pembrolizumab 10(30.3) 9(12.0) 0.021

Camrelizumab 4(12.1) 19(25.3) 0.122

Tislelizumab 5(15.2) 18(24.0) 0.301

Sintilimab 14(42.4) 29(38.7) 0.713
Primary tumor site n(%) 0.152

Urinary system 1(3.0) 0 0.130

Digestive system 16(48.5) 37(49.3) 0.953

Respiratory system 7(21.2) 17(22.7) 0.867

Breast and gynecological system 6(18.2) 20(26.7) 0.342

Other system 3(9.1) 1(1.3) 0.168

PD-1: programmed death-1; TFA: thyroid function abnormality; BMI: body mass index; FT3: free triiodothyronine; FT4: free
thyroxine; TSH: thyroid-stimulating hormone; TGAb: thyroglobulin antibody; TPOADb: thyroid peroxidase antibody; WBC: white
blood cell count; Hb: hemoglobin; NEU: neutrophil granulocyte count; LYM: lymphocyte count; Alb: Albumin; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; GGT: gamma-glutamyl transferase; BUN: urea nitrogen; Cr: creatinine; TG:
triglyceride; TC: total cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein; AFP: alpha-fetoprotein; CEA:
carcinoembryonic antigen; CYFRA 21-1: cytokeratin 19 fragment; CA19-9: carbohydrate antigen 19-9.
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Table 4 Logistic regression analysis of hyperthyroid development in patients with malignant tumors receiving PD-1

inhibitor treatment

Variable

Univariate analysis

Multivariate analysis

OR(95%) P OR(95%) P

Immunotherapy drug using (vs tislelizumab)

Pembrolizumab 4.000(1.049-15.260) 0.042 3.999(1.048-15.255) 0.042

Camrelizumab 0.758(0.175-3.278) 0.711 0.757(0.175-3.274) 0.710

Sintilimab 1.738(0.535-5.647) 0.358 1.800(0.456-5.861) 0.329
Primary tumor (vs digestive system)

Respiratory system 1.050(0.365-3.024) 0.928 1.004(0.343-2.944) 0.994

Breast and gynecological system 1.441(0.487-4.264) 0.509 1.419(0.474 -4.250) 0.532

Other system 0.144(0.014-1.493) 0.104 0.160(0.015-1.668) 0.125

In multivariate analysis, time to development of thyroid function abnormality is adjusted. PD-1: programmed death-1.

T PD-1 #IHIFI B TFA fHLE, HRTIA
B H B RV RS A . PD-1 5]
WL BEWT PD-1/PD-L1 i, fE i T 40 IS 1Ly
B, SEHCRIRE A& QB RPERY, 5% TFA™",
AT AR B —FP AR AL 1G4k [F] 7 PD-1 #0]
F, HRECTEA KUK S 5 1Y JL A AT fig 5 251K 5)
J1% . REEREE X A G . AN[F] PD-1 410
il 7 B 254 B T 2 R R A AR 25 5, X AT
e A PD-1 I 77 580 TFA & AR AR 1 5
HZ—.

AW, MRS TFA kA XU AH
K, Frp R g E R AR TFA MR AR R
TFA 200 38 i 28 35 il v TIE R 4 (P=
0.008) . ZINE logistic [MIH /R, %% PD-1
FRRANGTT (10 WP 2 T bR 28 BT A 1 g 8
KA TFA RIS HEI (P=0.002) , $#RRX T4
2% PD-1 WilA Y7 (W IGE g i, s D)
D FAR BR D RE o ASEFZE b, o AR 2R b
i B B R BR BT 19 B & AR TFA I RUBS: 34
(P=0.008) , 4&7rX T F i R 2k B4 g i
W g S, JUHRAEIRYT RN, I R %
VIS HRIRENAE, LA & 317 TFA.

ABSERRRIE: (1) [BIBPERTSY, 7P eik
P alfE;  (2) FEARAIX RIS, AlRERMAMT

FEARMATEENE;  (3) RXF TFA /™ 5 7 1 ok
Tt e AR L RMEASE | FTISTEAT

FERKAFAH 5T 54

g5 LR, AR ERW, 7EHEZ PD-1 H
TRYT I bR B A v, P TR 2 B A
W g B 5 % A TFA, i FH e e B B
W5 kAW IT, $EmIE IR B AR N % Y1 Gl FH g
TR R BABTIA T I g B o, DU P I e
SRE I HIR AR T B8 . FIR BRI AR W £ 5 17
TR B2 PD-1 IR BT #EA T HUAR AR S
REVEAL , JETEVRYT IR E kA . A SRATR AR
1] PD-1 4|51 3 TFA L

REEA AUEATE OB/REIRET ) 2
A SO, H e A DA T X R B e A L B 2
4 [(2025) fEHTER (016) 7], L F K1 [F]
=¥

FlasmsR A A AR 5 e
fEETTEK VERNZL. BdlEEH . St o,
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