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ABSTRACT

Objective: PD-1 inhibitors have demonstrated improved health outcomes in cancer patients. PD-1 inhibitors are well-tolerated and
associated with immune-related adverse events. The objectives of this study are to analyze use patterns of PD-1 inhibitors in patients
with cancer and to investigate the incidence of thyroid-related adverse reactions in patients treated with PD-1 inhibitors. Methods:
The study included patients who had been administered PD-1 inhibitors (either nivolumab or pembrolizumab) at the Samsung
Medical Center between October 1, 2016 and June 30, 2017. Data was collected from electronic medical records and tested using
Mann-Whitney tests and Chi-Square tests for statistical significance. Associations between PD-1 inhibitors and incidence of adverse
events were tested using Cox regression for age, gender, BMI, ECOG PS and medication. Results: Two hundred fifteen patients
were identified as eligible for analyses. Thyroid-related adverse events occurred in 20% of patients (n=43). Thyroid function tests
(TFTs) was performed in 109 patients (50.7%). Positive results of PD-L1 testing were found in 53.2% of the 94 patients who had the
test. Approved doses of nivolumab (3 m/kg) and pembrolizumab (200 mg) were administered in 70.4% and 53% of patients,
respectively. The analysis of risk factor of thyroid-related adverse reaction did not show statistically significant differences (Cox
regression). Conclusion: Thyroid-related adverse events are common in patients treated with PD-1 inhibitors and hypothyroidism is
the most frequent adverse reaction. Routine TFTs monitoring is strongly recommended to evaluate thyroid function in real-world
clinical practice.
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Table 1. Baseline patients characteristics

Medication Total
N p-value
Nivolumab (n=115) Pembrolizumab (n=100) (n=215)
Age, mean (SD), years 61.2 (11.3) 58.9(13.4) 60.1 (12.4) 0.182
Sex, n (%)
Male 78 (67.8) 64 (64.0) 142 (66.0) 0.567
Female 37 (32.2) 36 (100.0) 73 (34.0)
Height, mean (SD), cm 163.4 (8.1) 164.5 (9.0) 163.9 (8.5) 0.352
Weight, mean (SD), kg 613 (11.4) 62.1(12.4) 61.7 (11.8) 0.614
BMI, mean (SD), kg/m? 229 (3.5) 22.8(3.3) 229(3.4) 0.916
Cancer type, n (%)
NSCLC 67 (58.3) 51 (51.0) 118 (54.9)
Malignant melanoma 13 (11.3) 20 (20.0) 33 (15.3)
Lymphoma 0(0.0) 17 (17.0) 17(7.9)
AGC 14 (12.2) 0(0.0) 14 (6.5) 0,001
Colon ca 5(4.3) 0(0.0) 5(2.3)
RCC 5(4.3) 0(0.0) 5(2.3)
Bladder ca 0(0.0) 5(5.0) 5(2.3)
HCC 3(2.6) 1(1.0) 4(1.9)
Others 8 (7.0)) 6 (6.0? 14 (6.5)
ECOG Performance status, n (%)
0 2(1.7) 8(8.0) 10 (4.7)
1 93 (80.9) 79 (79.0) 172 (80.0) 0.095
2 19 (16.5) 13 (13.0) 32 (14.9)
3 1(0.9) 0(0.0) 1(0.5)
Diabetes Mellitus, n (%)
Yes 22 (19.1) 15(15.0) 37(17.2) 0472
No 93 (80.9) 85 (85.0) 178 (82.8)
Hypertension, n (%)
Yes 35(30.4) 23(23.0) 58 (27.0) 0.281
No 80 (69.6) 77 (77.0) 157 (73.0)
PD-L1 expression, n (%)
Positive 7(17.9) 43 (78.2) 50 (53.2) <0.001*
Negative 32(82.1) 12 (21.8) 44 (46.8)
Prior chemotherapy regimens, 2(0:9) 2(0-8) 2(0:9) 0.075

median (range)

SD, standard deviation; BMI, Body Mass Index; ECOG PS, Eastern Cooperative Oncology Group; NSCLC, Non-small cell lung cancer; PD-
L1, Programmed death-ligand 1; RCC, renal cell carcinoma; AGC, advanced gastric cancer; HCC, hepatocellular carcinoma

DOthers: Leiomyosarcoma 1; Prostate ca 1; Ureter Ca 1; SCLC 1; Cervical ca 1; Rectal Ca 1; Cholangiocarcinoma 1; Ovary cancer 1
DOthers: Cervical cancer of squamous cell carcinoma 1; Transitional cell carcinoma, ureter 1; Lt. hypopharyngeal cancer 1; Hepatocellular
carcinoma 1; Cholangiocarcinoma 1; Bladder cancer 1; Renal pelvis TCC 1; Glioblastoma of brain 1

*indicates P<0.05

(Table 2). 7 Fola 25 7|& UsstamiA]l X5 ¥hgo]  ATH(p<0.001).
PDZ Hrl=oe] WAH 97l 7P 2UA|TH(nivolumab AG717F PD-1 inhibitors ¢ 314 nivolumab 5472
91.3%, pembrolizumab 71.0%), nivolumab Fo372 first- A S99 33](1-37), pembrolizumab FFol M= S 2
line therapy= S8 7497} 7.0%3 3L, pembrolizumab £ 3](1-25)% ZAMEACH

2 first-line therapy® FJ8 7427} 21%E 2}A|5}1, Fo Nivolumab F¢ A2} &-32 3|718-3F21 3 mg/kgo] A2
AZF AHTE 7 Fofatol| A BAIZ S Z frolgh xlol& YE  EA7} 70.4%, 1 vl 2 mg/kgZt AREE $EA7F 3.5%, 100
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Table 2, PD-1 inhibitors therapy

Medication

Total pvalue
Nivolumab (n=115) Pembrolizumab (n=100) (n=215)
Administration reason, n (%)
1 therapy 8(7.0) 21(21.0) 29 (13.5)
d/t AE of prior chemotherapy 2(1.7) 2(2.0) 4(1.9) <0.001*
d/t PD of prior chemotherapy 105 (91.3) 71 (71.0) 176 (81.9)
change to immunotherapy 0(0.0) 6 (6.0) 6(2.8)
d/t poor condition
Number of PD-1 inhibitors
cycle, median (range) 3(1-37) 2 (1-25) 3(1-37) 0.149
Dosage modification, n (%)
Increase 0(0.0) 0(0.0) 0(0.0) 0420
Decrease 2(1.7) 4 (4.0 6(2.8)
Maintain 113 (98.3) 96 (96.0) 209 (97.2)
Dosing progress, n (%)
Continue treatment 6(5.2) 7(7.0) 13 (6.0)
Discontinue d/t AE 0(0.0) 2(2.0) 2(0.9)
Discontinue d/t PD 68 (59.1) 57 (57.0) 125 (58.1)
Discontinue d/t cost 4 (3.5) 1(1.0) 5@2.3) 0.299
Supportive care 9(7.8) 5(5.0) 14 (6.5)
Death d/t disease 12 (10.4) 12 (12.0) 24 (11.2)
Transfer to others 7(6.1) 2(2.0) 9(4.2)
Follow-up loss 9(7.8) 14 (14.0) 23 (10.7)

AE, adverse events; PD, progressive disease; d/t, due to
*Indicates p<0.05

mgo] ARE-H 3217} 26.1%°] AT} Pembrolizumab o A]2¢
SRS F7HEER] 200 mgo] ARSE B} 53%, 7S
o] Aurel 100 mgo] AR A7} 46%, 2 Bl 150 mgo]
ARS-E A7} 1%0] AT

A7 T &% WAE IHE o=
Nivolumab o]0l A 8-aF 0] e 4= 2Hollon, 3
mg/kgoll A 100 mgl 2 7HF= 73971 17, 100 mg0ﬂ1\1 80 mg
o7 ZFE A7 1%l 7:1’%* AHT 7152 /i
Pembrolizumab F-&lol| A 8-2F H A= 4tﬂ o]gle
5200 mgoll A 100 mgo 2 7&%@9} 1,0l F 2o &R
A, U 2] 292 7HE A 715 0] it

FoAz1AK} 811 A}, 2| 55EE- PDZ PD-1 inhibitors &
o7t FHE 2t 58.1%, AW WPoR IF AP 11.2%,
supportive careZ WA 32} 6.5%F 3L, T X FA
EA 712 glo] B X & % PD-1 inhibitors £7} 5] o]
FABE ZFhE 3271 10.7%2 ZA AT

D59 ol A% ALRE Aolsta £49 g8 PD-1
inhibitors £ & £+ nivolumab ¥} pembrolizumab
ol 7t §o5F 5%0lA BAIFCE fodk 2jol= 1}
ERfA] ettt

F

\I

ZIAMM T QAL B

HoL— —
AT 2157 & 43Eﬂ(20%)o1m A9 B4 SEial
7F wgel Aoz YRt Nivolumab FoiFtol|A] 219

(18.3%), pembrolizumab -0l 4] 227 (22%) A gl o,
ozl WE Ak A HIEolle o 5%ollA B
Aoz ztols YERNA F3ktHp=0.608). -7 71l weh
hypothyroidism 209 (9.3%), subclinical hypothyroidism 117
(5.1%), hyperthyroidism 478(1.9%), subclinical hyperthyroidism
8(3.7%)0- 2 HA = Atk

Thyroid Function Tests (TFTs) &=X| 2L|E{Z!

Fof 7 Baseline TFTs7} AlQ® 9= d7aldAk]
21.9%, Fo 713+ & TFTs7} A3 $24= 30.2%, HE 7
3 TFTs7} Al 4= 21.9%JtH(Table 3). ZE A]4 o]
TFT7} A3 E BRl= A7 tiAERle] 4.7%$1 3L, PD-1 inhibitors
Fol 71 #A TFTs AP SHE A=A 2 A=
49.3%%) Ao 2 AAEJTE TFTs RUE Y A5 744
A fairte AT BiTe 14%01 H 3k A,
EolA Baseline TFTs A EolE Fo5F 5%l A3
o2 zpol7} gilent, 7|7t = TFTs 7\]“@1&5(76.7% Vs
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Table 3. TFTs monitoring by thyroid-related adverse events

Occurrence of thyroid-related adverse events Total
N p-value
Yes (n=43) No (n=172) (n=215)
Baseline TFTs, n (%)
Yes 9(20.9) 38 (22.1) 47 (21.9) >.999
No 34 (79.1) 134 (77.9) 168 (78.1)
During therapy TFTs, n (%)
Yes 33 (76.7) 32 (18.6) 65 (30.2) <0.001*
No 10(23.3) 140 (81.4) 150 (69.8)
After therapy TFTs, n (%)
Yes 23 (53.5) 24 (14.0) 47(21.9) <0.001*
No 20 (46.5) 148 (86.0) 168 (78.1)
TFTs, thyroid function tests
*Indicates p<0.05
Table 4, Clinical manifestations of PD-1 inhibitors therapy associated thyroid-related adverse events (n=43)
Medication Total
- p-value
Nivolumab (n=21)  Pembrolizumab (n=22) (n=43)
Age, mean (SD), years 64.4 (9.9) 61.0 (14.4) 62.7 (12.4) 0.370
Sex, n (%)
Male 17 (81.0) 13 (59.1) 30 (69.8) 0.109
Female 4 (19.0) 9 (40.9) 13 (30.2)
Cancer type, n (%)
NSCLC 12 (57.1) 10 (45.5) 22 (51.2)
Malignant melanoma 5(23.8) 9 (40.9) 14 (32.6)
Lymphoma 0(0.0) 2(9.1) 24.7) 0.176
Bladder cancer 0(0.0) 1(4.5) 1(2.3)
RCC 1(4.8) 0(0.0) 1(2.3)
Leiomyosarcoma 1(4.8) 0(0.0) 1(2.3)
Number of PD-1inhibitors
- S5(1-21 1- .
cycle, median (range) 8G3-37) 55 (1-21) 70-37) 0.067
Clinician consultation, n (%)
Yes 4 (19.0) 3(13.6) 7(16.3) 0412
No 17 (81.0) 19 (86.4) 36 (83.7)
Medical therapy, n (%)
Yes 3(14.3) 2(9.1) 5(11.6) 0.664
No 18 (85.7) 20(90.9) 38 (88.4)
Treatment, n (%)
Thyroxine 3(143) 1 (4.5) 4(9.3)
Corticosteroids 0 (0) 1(4.5) 1(2.3) 0.057
TFTs monitoring 13(61.9) 7(31.9) 20 (46.5)
None 5(23.8) 13 (59.1) 18 (41.9)

SD, standard deviation; NSCLC, Non-small cell lung cancer; TFTs, Thyroid function tests; RCC, renal cell carcinoma
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Table 5, Risk Factor Analysis for PD-1 inhibitors therapy associated
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Fig. 1. Kaplan-Meier Estimates of thyroid-related adverse events by medication

thyroid-related adverse events

Unadjusted HR' Adjusted HR?
(95% CI) (95% CI)

Age, yr

<50 Reference Reference

50-59 1.951 (0.705-5.403) 1.874 (0.655-5.361)

60-69 1.176 (0.445-3.109) 1.118 (0.402-3.107)

>70 1.662 (0.622-4.439) 1.573 (0.560-4.417)
Gender

Male Reference Reference
Female 0.910 (0.474-1.748) 0.983 (0.501-1.931)
BMI, kg/m?

<18.5 Reference Reference

18.5-24.9 0.639 (0.217-1.884) 0.726 (0.238-2.218)

>25 1.163 (0.390-3.467) 1.397 (0.449-4.346)
Medication

Pembrolizumab Reference Reference

Nivolumab 0.817 (0.448-1.489) 0.588 (0.313-1.106)
ECOG PS

0 Reference Reference

1 2.936 (0.402-21.420)  3.311 (0.440-24.938)

2 1.026 (0.064-16.521)  1.137 (0.067-19.203)

HR, Hazard ratio; CI, confidence interval; BMI, body mass index;

ECOG PS, Eastern Cooperative Oncology Group

*Indicates p<0.05
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