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[(BE] ae RGP R E SRR A S 1 ) (immune checkpoint inhibitor, ICI ) Ji& & 4 TR G e A AN
B 0 (immune-related adverse events, irAEs) BYIGRAFE, IS5 AMERERII., BB HT 20194 1 H
2022 4 11 A AWV B B B E ARk R B Be £ Be 14652 ICTIRYT Y 753 il Mo 8 IR IR B8, A 9 4 3
irABs KA MR irABs BEWIGIREFE, I SREMEERREE (n=18) WIKKRFFELE ., 4% ICI LI PD-
1/PD-L1 B (742 B, 98.5% ) o M43l irAEs KAEFN 32.0% (241/753 ) , LUK FOIR R 2 B B % 3 L
(212, 28.2%) , HUZMEAA irAEs (354, 4.6%) o KATEM irAEs (07 FHZGE ] 5.8 S H, 33 1] (94.3% ) &
B RS FAR R B RERGR . A TR EWIR IR irAEs KA E (P=0.002) , M3 KAEFEFEE (body
mass index, BMI ) FIfifi 4058 Wi 2 FEK irAEs KA Gk RN E (P<0.05) . SREAMEAERBEMIL, TR irAEs BEH
PELLGI R . BMI /DN, SUBFGC B bR IE & AR 3R A%, 4k & 1R B R BT R kaR Lo iy, {4k MRI BHEZAK (P<0.05) .
sk WHEMR BE R ICTIARYT JA N4l irABs BAERK S, UAFDREZ B W, HUCOhEAR, T irABs FZRN
Rk LR BRI REGR , S REREIEARAER, MRIFHMRAL, StiRE . W, NitsEy.

(X8R ] SR sidmk; Wi AR R SN 5 JEAR AR
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Clinical characteristic analysis of immune checkpoint inhibitor-related pituitary adverse events

ZHENG Yufan', WANG Jingjing’, YUAN Qin', ZHENG Fenping'’
1. Department of Endocrinology, Sir Run Run Shaw Hospital School of Medicine, Zhejiang University, Hangzhou 310016,
Zhejiang, China

2. Zhejiang Hospital, Phase [ Clinical Trial Laboratory, Hangzhou 310013, Zhejiang, China

[ Abstract] Objective To explore the clinical characteristics of immune-related adverse events (irAEs) involving the
pituitary gland in malignant tumor patients following the administration of immune checkpoint inhibitors (ICIs), and to compare
characteristics of pituitary irAEs with primary hypophysitis. Methods A total of 753 malignant tumor patients who were
hospitalized at Sir Run Run Shaw Hospital School of Medicine, Zhejiang University from January 2019 to November 2022 and
received ICIs treatment were retrospectively included. The incidence of endocrine irAEs were statistically analyzed. The clinical
characteristics of patients with pituitary irAEs were analyzed and compared with those of patients with primary hypophysitis
(n=18). Results Among the 753 patients treated with ICIs, the majority (742, 98.5%) received PD-1/PD-L1 inhibitors. The
incidence of endocrine irAEs was 32.0% (241/753), with primary thyroid dysfunction being most common (212, 28.2%), followed by
pituitary dysfunction (35, 4.6%). The median time to onset of pituitary irAEs was 5.8 months, with the majority presenting as
secondary hypoadrenocorticism (33, 94.3%). Surgery was a protective factor for preventing pituitary irAEs (P=0.002), whereas
higher body mass index (BMI) and dual ICIs combination therapy were recognized as risk factors (P<<0.05). Compared to patients
with primary hypophysitis, patients with pituitary irAEs had a higher proportion of males, lower BMI, lower rates of visual field
defects and diabetes insipidus, higher rate of secondary hypoadrenocorticism and lower positive rate on MRI (P<<0.05).
Conclusions Malignant tumor patients treated with ICIs exhibit a relatively high incidence of endocrine irAEs, with thyroid
involvement being most common, followed by the pituitary gland. Pituitary irAEs primarily manifest as secondary
hypoadrenocorticism, lacking specific clinical symptoms and exhibiting a low positive rate on MRI. These factors contribute to a
high risk of misdiagnosis or missed diagnosis, necessitating heightened clinical vigilance.
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B BE K A 5 AT 5 (immune checkpoint
inhibitor, ICI) S8 Z W I T—ZHiigiayT
SERRR T MR R AR LY 1CT 254
FG AN RETE T bR 40 A SR 4 (cytotoxic T
lymphocyte-associated antigen-4, CTLA-4 ) 47 |
PR PESET- 22K 1 ( programmed death-1, PD-1) HL
PUMBRFHESET-HL/A 1 ( programmed death-ligand
1, PD-L1) HHUAF; 40 MG K 3

( lymphocyte activation gene-3, LAG-3 ) 558
R AT s K A A 300 AR G BIF 98t E R TR
TCI 8 3 BH W G S5 A5 A wsi P JRts SF BEL Lk e 1) 928
Pk, M S AR R, H R [ ot 2
IEH L2 B R RE UG, SURBIEMHCAR
JZ W ( immune-related adverse events, irAEs ) , £l
NI RGBS irAEs RAER N
5%~40%",

Wil irAEs DLHUIR IR 2 Rk WL, Hkh
iR, B LA 0L Hid, FEA irAEs A
LG EREHERIPEFLME REMRE, BTHETI A
B RG4S, R fE Ry . K irAEs 7E
CTLA-4 THIFRNEYT G w0, 5 R P 5
KRB (ks . PUEF Rt ) | JEAR TR
RAERDL K MRI R (Ffkm k) MRS, kK
¥ PD-1/PD-L1 By IAYF Iq & A T4 irAEs 198
WEk = RS PEAEAR,, JC MRI AE, 2RI

PEILAE B AR BT R (adrenocorticotrophic
hormone deficiency, ACTH ) Ht=4%F (1IAD) “'. H
HIHH PD-1/PD-L1 $i05 [ A HEAK irAEs i il /b 3
T E AR B R . AR B R
BV IR R IR YT IS TR irAEs Il IR
FHIEMSER N Z, JF S ERRR L, Ak
PRFIASUN . BB T TR irAEs #6457

1 RS

1.1 BrRxr% WA 2019 4 1 H £ 2022
AE 11 A AEWTT R B 2 e B I AR ik R B B A Beih
Yy H B iz Wi & B M e imyT T m
753 BiEE . MARRHE: (1) F =18 AP 5L
hE B (2) 2 E D 1K ICT TG
J7 o HEBRARIE: (1) SELTERATE; (2) 6t
DHZE NI RGBSR (3) 456 H
S A ICT 5 B S8 o i R Bl
ICLIRIT A B TCIE MR (4) 25 HTA BRb
PRIGHNI N 3 Wi Can IR BRERs ) o ki
AR PEIRYT B A HEBR AR WLIE 1. 48 A 2008
AE 1 H & 2025 4 1 AR R 2# B 22 B b e AR ik ok
= BE i 128 Jt & 1 e A 98 1 18 15 S8 AR S 0 iR
12 X3 NS irAEs: fdi ] ICT 5 LAY
—RINNIFILEELRI, BRI FURRE . B
B R A S A IR A

1 763 patients identified with discharge
diagnoses including “malignant tumor
immunotherapy”

Patients with incomplete

v

861 patients

P | baseline data were
excluded (#=902)

\4

\ 4
753 patients

Patients without available endocrine-related
follow-up data for evaluation after treatment
were excluded (n=65)

Patients with non-drug-related or unexplainable
endocrine abnormity were excluded (n=4)

Patients with abnormal baseline thyroid
function or those using related medications
were excluded (n=39)
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Figure 1 Flowchar

t of the patient screening
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TefA irAEs: i/ ICL 5 R B 1 Fp K L F ik
WMEB=, LA MERFIREEZE (thyroid
stimulating hormone, TSH ) %, ACTH #t=, ffof
AEERA: i Z (luteinizing hormone, LH) . BJ
MR Z (follicle stimulating hormone, FSH ) &5
MR ERZ; WA=, ME. RS ERRE
I RFIN,  HARE IR G 46 ph 2 PR . A0 s
3. PEARIGR . PRAESE, ™ E A A A RN E
R, BN . EIREER . AR TTEEEL (Anfk
BAIMAE ) S5 ERfE SR

gk kbE (i) SRRz iR EEL
IReIEH , i 1C1 2595 B gk kPR TR e
FE I RE Uk AR (i T R AR . ACTH IE % sk B
i) . R R PEHIR AR DR IAR (% 25 HUIR IR 2 1
fili. TSH IEH aLFEAK ) o 4k & MM iR D e iR

CPEBCR MR . PR R B W AL ) |, MR
MSETESE 8: 00 52/,

AR R . RAREER (2) XM H
SR EER AR, R ERDGERAT, 5 TEIL
IR G = . TP PR ARE | W FL 2R I E B
B IX G AON (SR . MO ETRRERS ), I HERR
SR F B H A
1.3 MEdsAr (1) FEaEE: M. . W
v N QT S N L 22 )8 AN 9 0 75 G =10 | WA
s MR, B, RBTESE; (2) MR AL
SrIAE;  (3) MiRIT: 29Rhae. RRIE1
I EMIKAIMRYT . BRERAHYT . BEFAR
&5 (4) NP irAEs 1580 KRARTE] . HZHK
BLORRM . AHXSRIT . RERE WA R RN AE
PEEFRE ( Common Terminology Criteria for Adverse
Events, CTCAE ) 5.0 702555  (5) ILICFEIR: A
i, FEE. UUSF. FEEE. s, REE. ACTH,
TSH. LH, FSH4%; (6) MilNaiaE{k MRI LM .
1.4 %itF 4 @it SPSS 26.0 HE4T i 4k
M, ESSMAESRRIUT £s For, AR
KBS ¢ K50 3R IE 400 1) 3% 22 98k
M(P,s, Pr5) 3w, HIA HERH Mann-Whitney
UK, 388D n(%) F#a~, dBHERH R
TR 40 5 Fisher MBI R . R ZHE —JC
logistic [FIH#IAY M T4 irAEs BIfER 2R, 45
FLLHAE . (odds ratio, OR ) 1 95% B {5 X [A]

(195% confidence interval, 95%CI) F/no K
A5, KoK (a) 4 0.05,

2 & B

2.1 EBHEZTHA NS irAEs X AE N 4
ROFRD) B 753018 F D, B 554 4
(73.6%) , HilifE 257 il (34.1%) . HILRGK
U5 g 353 1 (46.9% ) o Wi ICT ZEAd b g
742 ) (98.5% ) , HH i PD-1 Hi471 671
(89.1% ) . PD-L1 ¥fig 71 ) (9.4%) , fdi XL
Pr11 ) (1.5%) o KANT W irAEs 3 241
(32.0%) , iifHZj 4.47(2.16, 9.23) 1~ H,
5.00(3.00, 9.50) W Hor, JE & R IR ) AR R
i3 212 4] (28.2% ) , FEfK irAEs 35 4] (4.6% ) ,
[F] B & A= AR it AEs F1JE & P4 HOIR IR D) 68 F 15
9% (12%) .
F 1 BF ICIETHERMEE B E MG REFE

Table 1 Baseline clinical characteristics of malignant

tumor patients treated with ICIs

n=753
Index n(%)
Sex
Male 554(73.6)
Female 199(26.4)
Tumor
Pulmonary carcinoma 257(34.1)
Gastrointestinal tract tumor 353(46.9)
Other type 143(19.0)
ICI
PD-1 inhibitor 671(89.1)
PD-L1 inhibitor 71(9.4)
Combination” 11(1.5)
Drug
Camrelizumab 144(19.1)
Pembrolizumab 111(14.7)
Toripalimab 103(13.7)
Tislelizumab 107(14.2)
Sintilimab 136(18.1)
Other 152(20.2)
Endocrine irAEs 241(32.0)
Thyroid irAEs 212(28.2)
Pituitary irAEs 35(4.6)
Diabetes 7(0.9)
Primary hypoadrenocorticism 2(0.3)

‘PD-L1+CTLA-4 or PD-1+LAG-3. ICI: immune
checkpoint inhibitor; PD-1: programmed death-1; PD-L1:
programmed death-ligand 1; irAEs: immune-related adverse
events; CTLA-4: cytotoxic T lymphocyte-associated antigen-4;
LAG-3: lymphocyte activation gene-3.
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22 K irABs BF G RAFIE S5 (£2) B
7N 35 BIAE{R irAEs R P, ] PD-1 HPi
271 (77.1%) . PD-L1 84t 5 %1 (14.3%) . M
P34 (8.6% ) o KAMM irAEs 5 1 H
2yt Ry 5.8(3.3, 9. ) N H, WAL HZERECH 6
(3, 8) . HUMREAZILL ACTH B (4k&1E'E E
R Rz RO REWGR ) M E (33 6, 94.3%) , 1 filFk
IR Ak & H R AR DI BEIGR  ( TSH 00 25 H IR iR
R 1 BRI MR AE .

+R2 FEMirAEs BEIGEKREE

Table 2 Clinical characteristics of patients with

pituitary irAEs
n=35

Index n(%)
Sex

Male 32(91.4)

Female 3(8.6)
Tumor

Pulmonary carcinoma 20(57.1)

Gastrointestinal tract tumor 10(28.6)

Other type 5(14.3)
ICI

PD-1 inhibitor 27(77.1)

PD-L1 inhibitor 5(14.3)

Combination’ 3(8.6)
Combination of other therapy

Chemotherapy 26(74.3)

Targeted therapy 6(17.1)

Surgery 14(40.0)

Radiation therapy 7(20.0)
Clinical type

Secondary hypoadrenocorticism 33(94.3)

Secondary hypothyroidism 1(2.9)

Diabetes insipidus 1(2.9)
Grade of irAEs

G2 16(45.7)

G3 19(54.3)

"PD-L1+CTLA-4 or PD-1+LAG-3. irAEs: immune-related
adverse events; ICI: immune checkpoint inhibitor; PD-1:
programmed death-1; PD-L1: programmed death-ligand 1;
CTLA-4: cytotoxic T lymphocyte-associated antigen-4; LAG-
3: lymphocyte activation gene-3.

MR irAEs B # Ih R AER L= )y 9 22
(18, 51.4%) RE, KELIFE (241, 5.7%)
FOFZR C1LE, 2.9%) bW, KNI AE
(21, 60.0% ) % UW.. TFEfK MRI FHPERME, 12
1) (2.9%) ffif] SCT-1 10A BSfbyr ¥

MRI $ER AR (E2) o K4 G2 %R KN
16 6] (45.7%) , BEMEE ICTIRYT, HRIEER
RIBIT G REAR M s KA G3 A R W 19 14
(54.3% ) , & ICLIRYTY, e E 54k 2
ICLIRYT -

2 ICI HEXEERREEERL MRI RIL
Figure 2 MRI imagings of a patient with ICI-related
hypophysitis

The patient is a 67-year-old male with stage I[IB lung
squamous cell carcinoma. After six cycles (4.5 months) of
SCT- I 10A treatment, he developed nausea, fatigue, headache,
and electrolyte imbalance, along with low adrenocorticotrophic
hormone and cortisol levels, as well as primary hypothyroidism.
MRI revealed an enlarged pituitary gland (approximately 8.4
mm in diameter, A). SCT- I 10A therapy was discontinued,
and treatment with prednisolone and levothyroxine was
initiated. Four weeks later, the pituitary gland had shrunk
(approximately 6 mm in diameter, B). SCT- I 10A therapy was

resumed with long-term hormone replacement therapy.

23 #EIKIrAEs B F 5 KA A N4k irAEs &
6 R S5 (R3) B SREEN
Srib irAEs BREAM L, EATEIK irAEs &R, 5
PELEBIE R . BMI K A TR LLBIEAL ., il
I Bl FH S WU L B s (P<<0.05) &

24 EIRirAEs % B & KIEMHER . AFR.
BMI., MibRGEEE . Ay sl . B mpRyT e . TR
PidRa 2SR . BbRi 43 . ICI 2RALfS, —JC logistic
BUEAHTES R (£ 4) B AT ARETBEE
& irAEs ZAEMATH R (P=0.002) , i 55
T2 KR BMI 2 & AR TR A irAEs R TE I
HZE (P<0.05) .

2.5 <EIKirAEs 5 R A PEEIR X B E G RFAEL
BOGHR (RS BR: HSREMEEREEM
te, MK irAEs BE BN HER . FRELR.
BMI 5 /)N, R R BT B B R R A HE AR, 4k
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PEB b BR Rz 5 3 BE R A M I i F B, I
G2 11 N 1K > I | = R = = R SN 2 ) o 2
TR MRI BHPEZAE (P<<0.05) . RE7IE, 1 4]

x3 EWIrAEs 5R&Z LW irAEs BEIGEKRFELLE
Table 3 Comparison of clinical characteristics between patients with pituitary irAEs and patients

without endocrine irAEs

Index Total (#=547) Non-endo;:’rzilsellzr)AEs group Pltultarzlnli?;s group p
Sex 1(%) 0.029
Male 417(76.2) 385(75.2) 32(91.4)
Female 130(23.8) 127(24.8) 3(8.6)
Agelycar 64.63+9.81 64.51+10.13 65.20+8.74 0.696
BMI/(kgem ?) 22.10%£3.17 21.99+3.17 23.53+2.82 0.006
Heart rate/(timesemin ) 82.25+14.08 82.37+14.12 79.37+13.18 0.223
Systolic blood pressure/mmHg 121.30%£17.40 121.19%£17.15 122.264+19.65 0.724
Diastolic blood pressure/mmHg 72.54+11.80 72.59+11.48 71.14+15.44 0.868
Smoking 7(%) 163(29.8) 149(29.1) 14(40.0) 0.173
Drinking n(%) 142(26.0) 130(25.4) 12(34.3) 0.246
Family history of cancer n(%) 38(6.9) 35(6.8) 3(8.6) 0.962
Diabetes 1(%) 93(17.0) 91(17.8) 2(5.7) 0.066
Hypertension n(%) 180(32.9) 171(33.4) 9(25.7) 0.349
Serum potassium/(mmolsL ") 4.09+0.40 4.104+0.40 4.0610.42 0.633
Serum sodium/(mmolL ™) 140.00(138.00, 142.00) 140.00(138.00, 142.00) 141.00(139.00, 142.25) 0.218
Serum creatinine/(umoleL ") 71.00(60.50, 82.00) 71.00(60.00, 82.00) 74.00(64.00, 86.25) 0.287
Tumor n(%) 0.025
Pulmonary carcinoma 198(36.2) 178(34.8) 20(57.1) 0.008
Gastrointestinal tract tumor 257(47.0) 247(48.2) 10(28.6) 0.024
Other type 92(16.8) 87(17.0) 5(14.3) 0.679
Tumor staging n(%) 0.056
[ - 157(28.7) 142(27.7) 15(42.9)
v 390(71.3) 370(72.3) 20(57.1)
Metastasis 1(%) 502(92.1) 471(92.4) 31(88.6) 0.632
Chemotherapy n(%) 327(59.8) 301(58.8) 26(74.3) 0.070
Targeted therapy 1(%) 171(31.3) 165(32.2) 6(17.1) 0.063
Radiation therapy n(%) 120(21.9) 113(22.1) 7(20.0) 0.775
Surgery 1(%) 374(68.4) 360(70.3) 14(40.0) <0.001
ICI n(%) 0.003
PD-1 inhibitor 490(89.6) 463(90.4) 27(77.1) 0.028
PD-L1 inhibitor 50(9.1) 45(8.8) 5(14.3) 0.430
Combination” 7(1.3) 4(0.8) 3(8.6) 0.007

"PD-L1+CTLA-4 or PD-1+LAG-3. irAEs: immune-related adverse events; BMI: body mass index; ICI: immune checkpoint
inhibitor; PD-1: programmed death-1; PD-L1: programmed death-ligand 1; CTLA-4: cytotoxic T lymphocyte-associated antigen-4;
LAG-3: lymphocyte activation gene-3.

F 4 EKIrAEs REHEXEZHEZTE= T logistic B30 7

Table 4 Multivariate binary logistic regression analysis of the occurrence of pituitary irAEs

Variable B SE Wald OR 95%CI P
Surgery -1.252 0.401 9.768 0.286 0.130-0.627 0.002
BMI 0.152 0.061 6.221 1.164 1.033-1.312 0.013
Combination’ 4.089 1.025 15.917 59.657 8.005-444.607 <0.001

*PD-L1+CTLA-4 or PD-1+LAG-3. irAEs: immune-related adverse events; BMI: body mass index; PD-1: programmed death-1;
PD-L1: programmed death-ligand 1; CTLA-4: cytotoxic T lymphocyte-associated antigen-4; LAG-3: lymphocyte activation gene-3.
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x5 BERUEGERSERIrALs BFIRAFHELLE

Table 5 Comparison of clinical data between primary hypophysitis and pituitary irAEs patients

Index Primary hypophysitis (n=18) Pituitary irAEs (n=35) P
Sex n(%) 0.007
Male 10(55.6) 32(91.4)
Female 8(44.4) 3(8.6)
Age/year 53.44x19.11 65.20+8.74 0.022
BMI/(kgem™) 25.6413.58 23.53+2.82 0.048
Heart rate/(timesemin ') 77.71£17.66 79.37+13.18 0.720
Systolic blood pressure/mmHg 122.36£15.60 122.26+19.65 0.987
Diastolic blood pressure/mmHg 78.211+10.02 72.141+15.44 0.181
Smoking n(%) 7(38.9) 14(40.0) 0.938
Drinking n(%) 4(22.2) 12(34.3) 0.365
Family history of cancer n(%) 3(16.7) 3(8.6) 0.672
Diabetes n(%) 2(11.1) 2(5.7) 0.877
Hypertension n(%) 7(38.9) 9(25.7) 0.322
Clinical manifestation n(%)
Headache 4(22.2) 2(5.7) 0.181
Visual and field impairments 4(22.2) 0 0.019
Fatigue and poor appetite 6(33.3) 18(51.4) 0.210
Hyponatremia 2(11.1) 21(60.0) 0.001
Diabetes insipidus 12(66.7) 1(2.9) <<0.001
Secondary hypoadrenocorticism 5(27.8) 33(94.3) <<0.001
Secondary hypothyroidism 3(16.7) 2(5.7) 0.426
Secondary hypogonadism 4(22.2) 5(14.3) 0.732
Hypophysitis-related mortality n(%) 1(5.6) 0 0.340
Laboratory indicator
Serum sodium/(mmol L") 142.29+5.11 132.69+8.56 <<0.001
Serum chloride/(mmol <L™") 105.18 +:4.25 99.34+7.28 0.001
Albumin-corrected serum calcium/(mmolsL™") 2.3440.11 2.33£0.11 0.762
Serum magnesium/(mmoleL™") 091£0.12 0.78+0.08 <0.001
Serum albumin/(geL™") 40.97+5.41 36.41£3.55 0.001
Serum cholesterol/(mmolL™") 5.36+1.32 435+1.28 0.017
Positive MRI finding n(%) 17(94.4) 14.3) <0.001

"Twenty-three patients underwent pituitary MRI examination. irAEs: immune-related adverse events; BMI: body mass index.
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