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Abstract

In the modern era of cancer treatment. it is constantly evolving with new breakthroughs and
discoveries. Immune checkpoint inhibitors (ICPi) are a new and effective class of cancer
immunotherapy. Several human monoclonal antibodies directed against immune checkpoints,
including T lymphocyte antigen 4 and program cell death protein 1 has been implemented for
cancer treatment in order to promote effector T cell response to tumors. Despite their antitumor
activity, a significant number of patients demonstrated autoimmunity leading to immune-related
adverse events (IRAEs). IRAEs can potentially affect the functions of multiple organs including the
gastrointestinal tract, kidneys, nervous system, liver, eyes, skin, pancreas, and endocrine system.
Many of which can be life-threatening. The spectrum of endocrine dysfunction experienced by
patients treated with ICPi includes hypophysitis, thyroid dysfunction, diabetes mellitus, primary
adrenal insufficiency, and hypoparathyroidism. This review summarizes the recent clinical studies
and treatment guidelines for different IRAEs with a focus on the incidence, pathophysiology,

clinical course, and treatment.

Keywords: Immune checkpoint inhibitors, endocrine dysfunction, immune-related adverse events

und1 (Introduction) Honjo Tasuku La5usiedaluiuaanannisunne
JagtumssnuilsauziSadlauinmdiedis MnnsRununsfnvnzsifaenisdudinis
901 InsAndusmatenguiiesngmsinunaln AIUANNANAULTIaU (inhibition of negative
Fupnensiulunissnuilsauzide Wl wa. 2554 immune regulation)*
fongulvsifiosngudsenisinuvesniiduiy nsnevaupmeniiduiuressanewdalaily
(Immune checkpoint blockage drugs) 81 Ipili- 292UV A9 innate immunity Wag adaptive
mumab LfJum&hLL'ﬁﬂsuaqmjmﬁlé’%'umsayigm immunity Tned adaptive immunity wuadu 2
IMNAUELNIIUNITRINITUALYIUTELNA 55U @0 humoral immunity 39meUaUBIAE
an3geiu3n1 (The United States Food and antigen flogusniuad H1uN15¥191UYD4 B-cell
Drug Administration; U.S. FDA) lun1ssnwgUae lymphocytes Tun15@319 antibodies (Ab) wag
uzisuualuningnaiu (advanced melano- cellular immunity Famovauasranisiniie
ma) ndanduidnisldendilsiuiendu qlu meluad 1w s uaznevauswmewaauzLss
nauilumsinvusmanesiin Maiauginga H1N159197U 204 T cell lymphocytes &9
ifsrlenilunsinuddaslsausSauegis Usenaunieg CD4'T-cell (T helper cell) wa
11n ¥lFlud we. 2561 James P. Allison waz CD8+T cell (cytotoxic T cell) Tns it avidiu i
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1 uananalnuaseIngy immune checkpoint inhibitors®
1A waduel599zUdeon cancer-specific antigens 88n11 §9zgniulag APCs wdaaINTLLUNR?

wadlng MHC wd1 APCs agiiuawe cancer-specific antigens i T-cells fisuvts T-cell
receptor (TCR) lagil costimulatory signal Aa Ufjisensenine CD28 uuiives T-cell fiu B7
UU APCs finaviliinn1snseAun1sinauves T-cell

gll‘f"i 1B Ufaves T-cell 2¢il co-receptors MAnU{ATEN co-inhibitory signal Ao UATesEWIng
CTLA-G vuiaved T-cell iU B7 Vw383 APCs hag UfA381581319 PD1 uuRva9 T-cell
U PDL-1 uuiinwes APCs 158 waduuids finavildinnsdudenisvhauues T-cell

gﬂﬁ 1C nalnn13veuves CTLA-4 blockade (1) waz PD-1/PD-L1 blockade (2,3) vinlvinufjisen
nszdunsineuues T-cell TunsmevauasdoduulanUaounazivaduzise
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n1rUNATINIEIzinIsUSuaunalimuigay
1 4 [ 4’5 3 v [

seninemInseAuuansduds’ Tugdlelsausis
U dAMNRAUARYBY cancer-immunity cycle
TuTunoumn1e 9 Wi dendritic cells laiaunsa
M3299V cancer-specific antigen 16, {in156UEs
1119 cytotoxic T lymphocyte tadaufluf

Aouneiss, davnsdunauns qlun1snseiunis

M191uv99 T-cells uonanil waduzisainazdl
NN immunosuppressive environments \os-
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ALY AANULLSIVLUNITIANTIUIY PD-L1 UURY
wag vinbiiin1sduiu PD-1 Uu activated T-cells
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Immune checkpoint inhibitors (ICPi) #ane#a7

Tasunssusadunistiunly dawanslumisnean 1

A13797 1 UAA3 immune checkpoint inhibitor drugs wazdeya 19G subclasses wazlsauziseniidauslu

'
v a

nsldennlasunisendiiainamenssunisenskazeUsunaanigonsn® (Toya o Tui 7
YUEEU 2562)

Tsanlasun1stunsiisuanndineauAMENsINNITRINITUAS

&1 Fan13An .
81 UssimAsnRIgaLusn

Human lgG subclass

CTLA4 blockade (Cytotoxic T-lymphocyte antigen 4 blockade)

IgG1 (recombinant protein*) Unresectable melanoma, RCC, MSI-H CRC

- Tremelimumab n/a 1gG2 (fully human**) n/a

- Ipilimumab Yervoy

PD1 blockade (Programmed cell death 1 blockade)

Melanoma, NSCLC, SCLC, RCC, HL, Urothelial
carcinoma, HNSCC, MSI-H CRC, HCC

- Nivolumab Opdivo 1G4 (fully human**)

- Pembrolizumab Keytruda IgG4 (recombinant protein®) Melanoma, NSCLC, HL, Urothelial carcinoma,
HNSCC, MSI-H CRC, Gastric cancer, Cervical
cancer, PMBCL, HCC, Merkel cell carcinoma,
SCLC, Esophageal cancer, RCC

Cemiplimab-rwlc Libtayo IgG4 (recombinant protein*)  Cutaneous squamous cell carcinoma

PDL1 blockade (Programmed cell death ligand 1 blockade)

- Atezolizumab Tecentriq IgG1k (recombinant protein*)  NSCLC, Urothelial carcinoma, SCLC, breast
cancer

- Durvalumab Imfinzi IgG1k (fully human**) NSCLC, Urothelial carcinoma

- Avelumab Bavencio IgG1k (fully human**) Urothelial carcinoma, Merkel cell carcinoma,

advance renal cell carcinoma

NSCLC; Non-small cell lung cancer, PMBCL; primary mediastinal large B-cell lymphoma, RCC; renal
cell carcinoma, HNSCC; Head and neck squamous cell carcinoma, MSi-H; Microsatellite instability-
high or mismatch repair deficient colorectal cancer, HCC; Hepatocellular carcinoma, HL; Hodgkin
lymphoma, SCLC; small cell lung cancer, n/a; no data available.

*Recombinant protein: N15a31987u antibody ln1s@nsalusau

**Fully human: 1138319 antibody Mfldnuwagivileuvesuywd 100%
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oglsfinny nsdudsszuugfiduiuluiaes

danavinlvisinsanyide immune self-tolerance
MlAAaANRaUNAU099 78226 9 158077
immune-related adverse events (IRAEs) 1n &l
FIPNUNSAARATIULABIAIN autoimmune/auto-
inflammatory #a185%UU 11U STUUNILAY
91115 WU vioude, a1lddniau (colitis), Fiv
9nLEU (hepatitis), SEUURINUES LAWA pruritus
Way cutaneous rash, szUUMlaLazVaALAOA
lawn myocarditis ,sxuuUszan laun 1¥u
Guillain-Barre syndrome, myasthenia gravis,
encephalitis 1 udu fn1snanteinnisinniig
IRAEs fodndudyaumi 1diethasnevauss
son1sdnudssnguil Tuunanudaziduainy
Anunfvesszuunedlivalaziunsuadandundn
Tnoanuinundiinu aun

1. ICPi-related thyroid

dysfunction
2. ICPi-related hypophysitis
3. ICPi-related primary adrenal

insufficiency

4. |ICPi-related diabetes
5. ICPi-related
hypoparathyroidism

guRnIsalvaInIsinnIzunIndeuniweuls
Wouwaviunruadauaing1ngyu PD-1/PD-L1
blockade wan#1931n81ngy CTLA-4 blockade
Lﬁmmﬂﬂaiﬂmiaaﬂqw‘ﬁgﬂaqmﬁwwmﬁu lng
CTLA-4 blockade agiinduluzaansnainnng
MEUAUDIRBANT (anticen) F9m 539 uiU PD-
1/PD-L1 blockade flsiun1snszdunisnevaues
YeaiANY denisiian1sdnaulusienie uwaz
Wwadugl5e (neoplastic microenvironment)®
guAn1salveInzunIndeuntenenlivisuaziy
nrUpAaYRIEIAaziaLandluATIT 2

IngludagiuanduusiSuanfansgonsn
TATNITHUITEAUIDINAT19ABUDIBITN Y
Tsauzifemuanusunsilas 1939091 Common
Terminology Criteria for Adverse Events
(CTCAEY #am151971 3

a a 2/ ' Y1 2 a 14 [ I 1
M990 2 LLﬁ@QT]EN’]‘L!ﬂ'ﬁLﬂ@]ﬂ’]']%LLV]iﬂ‘?JEJUVﬂ(‘IG]EJiJIiVIEJ"?NLﬂﬁ"i]']ﬂﬂ'ﬁisﬁﬂqﬁﬂw’mgLiﬂﬂfjll CTLA4

blockade wag PD1 blockade’

Agents Any Any
endocrine  thyroid (%)
(%) (%)

Hypothyroidism Hyperthyroidism Thyroiditis Hypophysitis  Primary

(%) (%) (%) adrenal
insufficiency
(%)

CTLA-4 blockade (Cytotoxic T-lymphocyte antigen 4 blockade)

Lpilimumab 0-29 0-7.4 0-9 0-2.8 0 0-17.4 0-1.6
Tremelimumab  0-8.3 0-5.2 0-5 0-2.9 0-3.6 0-2.6 0-1
PD1 blockade (Programmed cell death 1 blockade)

Pembrolizumab  0-19.2 0-19.2  0-115 0-7.7 0-5 0.1.2 0-.4.3
Nivolumab 0-40 0-40 0-40 0-6.5 0-2.2 0-0.9 0-3.3
PDL1 blockade (Programmed cell death ligand 1 blockade)

Avelumab 0-10 42-10 0-6.5 0-10 0 0 0
Atezolizumab 0-6 0-6 0-6 0 0-1 0
Durvalumab 2.3-11 2387 23438 0-3.9 0-1.3 0 0-0.4
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A15199 3 uans Common Terminology Criteria for Adverse Events (CTCAE) version 5.0°

CTCAE term Grade 1 Grade 2 Grade 3 Graded Gradeb
Hypophysitis Asymptomatic or Moderate; minimal,  Severe or medically Life-threatening ~ Death
mild symptoms; local or noninvasive  significant but not consequences;
clinical or intervention immediately life urgent
diagnostic indicated; limiting threatening; hospitalization intervention
observations only;  age appropriate or prolongation of existing  indicated
intervention not instrumental ADL hospitalization indicated,;
indicated limiting self-care ADL
Hypopituitarism  Asymptomatic or Moderate; minimal,  Severe or medically Life-threatening ~ Death
mild symptoms; local or noninvasive  significant but not consequences;
clinical or intervention immediately life urgent
diagnostic indicated; limiting threatening; intervention
observations only;  age appropriate hospitalization or indicated
intervention not instrumental ADL prolongation of existing
indicated hospitalization indicated;
limiting self-care ADL
Hypothyroidism  Asymptomatic; Symptomatic; Severe symptoms; limiting  Life-threatening  Death
clinical or thyroid replacement  self-care ADL; consequences;
diagnostic indicated; limiting hospitalization urgent
observations only;  instrumental ADL indicated intervention
intervention not indicated
indicated
Hyperthyroidism  Asymptomatic; Symptomatic; Severe symptoms; limiting  Life-threatening  Death
clinical or thyroid suppression  self-care ADL; consequences;
diagnostic therapy indicated; hospitalization urgent
observations only;  limiting indicated intervention
intervention not instrumental ADL indicated
indicated
Hyperglycemia Abnormal glucose  Change in daily Insulin therapy initiated; Life-threatening ~ Death
above baseline management from hospitalization indicated consequences;
with no medical baseline for a urgent
intervention diabetic; oral intervention
antiglycemic agent indicated
initiated; workup for
DM
Adrenal Asymptomatic; Moderate Severe symptoms; Life-threatening ~ Death
insufficiency clinical or symptoms; medical  hospitalization indicated consequences;
diagnostic intervention urgent
observations only; indicated intervention
intervention not indicated

indicated
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Immune checkpoint inhibitors related
thyroid dysfunction (ICPi-related thyroid
dysfunction)
guANIsal

gU#N150IN151nN132 immune checkpoint
inhibitors related thyroid dysfunction ® guJ' i
Uszuiel 1-6% mawﬁﬂwﬁiﬁ%’umi%’ﬂwﬁwm
immune checkpoint inhibitor’ & @ T4 U 14
nsfnwmugUiensianussaueesiuulnsess
AAUNFgans 35%" lngnudndiadnuuanedneiy
AINNISANET TaUNU thyroid dysfunction 210
81ng3l anti-PD1/anti-PDL-1 agents 111N3131A

g1ngu anti-CTLA-4 agents’ U@y an1s@Any

meta-analysis $7U53U28 7,551 518 Alden
immune checkpoint inhibitor wu31gy#nsal
n1siianlIlgwsesgasluulnsoya
(hypothyroidism) 8¢ 6.6% lagdaulnawugi
1@Suen anti-PD-1 agents @1usuguRnisalvey
nmsiianginsesmlufiy (hyperthyroidism) &
FIENURUIRIUNGN AB 7%, 3.9% wag 3.8% Va9
&Eﬁlﬁ%’um anti-PD-1 agents, anti-PD-L1 agents
wag anti-CTLA-4 agents AINA1AU wenINIs
wuginsaiazgetuludiaeiilden 2 fswdu
W ipilimumab-nivolumab lagwugudRnisainig
Fannzinsesdiduiiv ogfl 13.2% s1waziden

AaLaEnIlUAISI9N 4

a wa L3 a a a $9 11
M13199 4 LLﬁG]\‘iQ‘UG]ﬂ’]iiLlGUEJQﬂ’]iLﬂfﬂf"’]’J’mNﬂﬂﬂﬁ]‘ﬂ@\‘iﬂ?ﬁ]%iﬂi@ﬂ@ ’

Antibody Hypothyroidism Hyperthyroidism Thyroiditis

CTLA-4 blockade  Incidence onset Incidence Onset Incidence

- Ipilimumab*? 0-9% 6-9 months 0-2.8% NA NA

- Tremelimumab 0-5% NA 0-2.9% NA 0-3.6%

PD1 blockade

- Nivolumab 2-8.6% 2-3 months 0.9-4.2% 23-45 days 0.34-1%

- Pembrolizumab  4-10.1% 3.5 months 1.7-7.8% 1.4 months 1-4.2%

PDL1 blockade

- Atezolizumab 0-8% 4.8-5.4 NA 3.2-4.9 NA
months months

- Durvalumab 5.2-10% 42 days 5.2% 43 days NA

- Avelumab 6% NA NA NA NA

*NA; No data available
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nalnnisialsa
nalnnsiinANURAUNRYRINTSYINUYBIsBY
Insegdnuininainratgaivs loun

1) CTLA-4 polymorphism

N1SANYINATIETUNUAIINENRUTTZ NN
CTLA-4 polymorphism U n151A A 15A
autoimmune endocrinopathies t3u LU
¥ U a ﬁ 1 Graves’ disease, autoimmune
hypothyroidism tag Addison disease AWLAUY
CTLA-4  single nucleotide polymorphism
(SNPs) fifin135189 1A NN US 1y CT60
(rs3087243), JO31 (rs11571302), , A9A/G
(rs231775) 1Jusiu’

2) Thyroiditis

n15Anwy1 flow cytometry lugUaglnsoun
gNLAUIINEY1 pembrolizumab WUI1TEA U
circulating CD56+CD16+ natural killer cells
b 8 ¢ HLA DR surface expression ¥ ® <

inflammatory  intermediate  CD14+CD16+
monocyte Qﬂﬂ’iﬂimﬁjm}:ﬂja autoimmune
thyroiditis™® vl¥ide71n194An thyroiditis 119
Duanmgnilavesnisiinisinauvesnsosd
WAUNG
3) Thyroid autoantibodies

fUnednngiAnngsonlnsesdsniay i
M333NWU Thyroid peroxidase antibody (TPOAD)
Faiy M3fnegUlsuzislenyda Non-small
cell lung cancer A NER pembrolizumab
wulunguitheananensedlnsesdsasluy
ATIaNU TPOAb gafle 80% luwnizdinguiuaed

luflauRaUn@vean1sviiuussaulnsaun

ATI9NU TPOAD Liles 8%° ims1zaztunisnsaa
WU TPO Ab tnazidudivsueniislenianisiia
AMURnUNATDINTYINIUTeIReLlnseea Py
n17% ICPi-related hyperthyroidism wulgots
9 10  destructive thyroiditis b 8 ¢ Graves’
disease Azmat uazAMrT1BULUILTLHTUNNS
Snwene ipilimumab LA hyperthyroidism
31N Graves’ disease lagns1anuIgUIedTEaU
thyroid-stimulating immunoglobulin Qﬂ%{um
ogslsAmuins@nulugUaedildfunissnw
A1881 nivolumab %38 pembrolizumab Wu31dl
e 18% maa;ﬁﬂwﬁﬁmiﬁwwﬂmasﬁﬂmﬂﬂaﬁ'

a v v

nsranuiiduiulvusesd (TPOAb way
Thyroglobulin Antibody) wazliwu anti-TSH
receptor antibodies (TRAbs) Iuﬁﬂaaﬁlﬁ@mw

nseumdufie!’
ansuaznsaniiulsa

9115999 URAUNRveReulnToun dla
na1euuU laun n1agwsesgesluulnssgnain
A 17¢ primary hypothyroidism a1na173¢
immune related thyroiditis & & ¢ secondary
hypothyroid 2110117% hypophysitis @11n17%
msesatdufivdrunnnidu transient
hyperthyroid 910 destructive thyroiditis L& ¢
drutiesiinan Graves’ disease fUe7iln10z
nsesdiduiivanlngazandreernisimdnan

(3

wazledu daugtheiinnewieseeiluulnsesdd
JruRIEeInTTeuIEY tantnTu® d5eeu
n134ia thyroid storm Tug Y38 Hashimoto’s
thyroiditis 716 5un15¥nwdae ipilimumab

S9UAU nivolumab®® wardis1e91UNISIANNIE
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myxedema crisis TugUe melanoma #lasun1s

Snwae nivolumab?

Uszanas 80% veartheiiinnzlnsesdiduiiv
WuIarinznsegesiuulnIeefnuul WUl
AiT585 12091981 (median time) Aaudi3uLAn
azlnsesmiluiiv auinnrznsedlnsesn
gosluu egil 42 u'®

lyer Az AME M1n15NUNIUUTEIRG U8
1¢#§¥u ICPi i MD Anderson Cancer center
31U9U 657 AU WuaURNIsaivesn1Ie ICPI-
related thyroiditis 6.5% fUa8dulng 1l
painless thyroiditis laeg 67% w045 Uae ICPI-
related thyroiditis inan1svinaulnsesnnnuni
Tnglaifionnsle q svesnatdousldsueawin
aglnsosdidufivAnisegiu egi 5.3 dUa
uar AssegIuresszeEIaiagiinnnenses
gosluulnsons agil 10.4 dUawi uaz wuin 9%
yosihefiiinnensossesluulnsesdanunsone
1§09 Feszpziiansisegiueyil 57.4 d&Uaw”
Hyunju Lee uagAuMe v‘hmsﬁﬂm@:ﬂwﬁﬁmw
ICPi-related thyroid dysfunction 314U 45 518
wuszezanldsuananginsesdiduivdu
agniessoiluulnsesdegi 42 Yu feduly
Qjﬂ’mﬁlﬁ ICPi-related hyperthyroidism A5tA5U
nInTIaRnnussavgesiuulvsesdetlngtn'®

Tunguilldfuen ICPi 2 F252u/u e
165uen ICPi rufuenaividadug wuind
gURnsalmuRnUnAvesinsengenitnmslasu
81 ICPi @LRY7 N13AN®IYeY Langer uazAalg Tu

Q’ﬂwuu%wamﬁm non-small cell (NSCLQ)

spaTUNINTEANe WuIdieldsu pembrolizumab
528 A U carboplatin La g pemetrexed il
gUAn1TaivesnIEnIesgasiuulnsess gandn
n151A5U81 pembrolizumab LlgesLRY7 (15%

)22

WgUNU 2-9.4% ANUA19U)? N1SAN®INIT YN

IcPi TugUaeugisananluun wudiinasld

IS Qs L4

nivolumab 33UAY ipilimumab agnuilgUanisal
yo9nnynessesluulnsesfifinduiiofiouiu
n1514 nivolumab %39 ipilimumab LR LAE2
(15%, 8.6% uag 4.2% AUEIRU)? UONANENIS
195U ICPi 2 fvauiu dsdemalrnisandulsaia
593y Tnen15An®1909 Priyanka C. LavANY
wudnlugUaeala$u lpilimumab 93 /v
nivolumab agiinn1e nsesdluiiv 2 Ua4
lnefionisvedlnsesdluiiy oy 6 dUaviuaz
Annginsossyineus 7 10 §Uask Geunneng
9nNGuTlFFU nivolumab LiladFe Fawy
aglnsosdiiufiy 7 6 dawi wazflonisey
10 §Un9 waziinnnzeesluulnsesdsn 7 17
FUa9t muaeu?t
A155NWN

AL UEU1999 American Society of Clinical

Oncology (ASCO) & @& g National
Comprehensive cancer Network (NCCN) 2018
wuzu1liiangn 29 Thyroid stimulating
hormone (TSH), Free thyroxine (FT4) nns18
Asuunslien ICPi LAaLAIINAARNIUNN 4-6
dUanit wagmnuuanuRaunAkuznlin1TSE

FHAINHTULIINIATTINN 5
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A4l 5 ﬁ”]LLuzﬁ’m’ﬁ@LLa%Jﬂmmu American Society of Clinical Oncology and National
Comprehensive cancer Network 2018 (ASCO & NCCN)**

TLAUANUTULSY | T19axiBen

l WUINNITINEN

Primary hypothyroidism

Grade 1 TSH <10 mU/L, Wil anunsalviensieldl uwasnsiafinniueslnadn
91M13

Grade 2 TSH>10mU/AL & o19asvigaeaunseioimsity finsailierinsesdeeslun Tufiaed
21M3UuNa1; 69 191719 %38 UseAU TSH > 10 mU/L asanfinnudn 4 dans
annsavinadng AnRusEAY TSH N 6-8 dUnm
Uszdniula

Grade 3-4 fornaguusy 00 ReNsamen ICP aundensazituy fansalfeinsessdeesluy
AafuTie lawise  Sawdufnmnueimsednslndlaluseditennisasdenniy myxedema
fadnsUsednuld  coma

Hyperthyroidism

Grade 1 Lifienns vivedl ansabiesiold wasnsIIRnnNTEAU FT4 Wag TSH vn 2-3 dUam
91nstanton

Grade 2 omstunans 61 1arvgaIaunSETIe AU
a1u130vAYINg finsaulvinisinuieen Beta-blocker LiousainieIns
Usganiula finrsaunlvinissnudeeings thionamide fo1nsiiasde Graves’

disease $3fUNTIINU TRAb 38 TS|
Grade 3-4 9INNTTULTY; D13 WASUMEA ICPi ANeINIsERTY

= U aa 1
fafuTin lalaunse
YINNYIRSUIEINIU
oL

N1salin1ssnweee Beta-blocker WBUIINIDINT
Tufiflonnisguuss asdennie thyroid storm Suluseddiiiisueu
Tsanenunalinisinwinae prednisolone 1-2 mg/kg/day 11U

N150u19 SSKI 58 thionamide falu

TSH, thyroid-stimulating hormone, ICPi, immune checkpoint inhibitors, SSKI; saturated solution of

potassium iodide

ADL; activity daily life, TRAb; thyroid-stimulating hormone receptor antibody, TSI, Thyroid-

stimulating immunoglobulin

ICPi-related hypophysitis

guAnIIal

A% ICPi-related hypophysitis 351897UNWU
Tugvaedlden anti-CTLAG agents #fied u3e
nslviafu anti-PD-1/PD-L1 uagiin1sifintossn
(<1%) TugfUr 71§ 5y anti-PD-1/PD-L1 B9

WEg2° N15ANYY meta-analysis 53UTINHU8T

lasue1ngu immune checkpoint inhibitors
ﬁgawu A 6472 5178 WU AN1IE ICPi-related
hypophysitis TuUae 85 518 Andu 1.3% lag

wu 76 Meidudirenzisdiamiauaniun dgUae

[

34 518 (Aatdu 05%) leasun1sidade

[
P=1

hypophysitis 5¥fU 3 13911AN11%° WONAINY
nudtguinisalvesniiziluguiegandngvas

IS J

(15) ongiadsegil 68.2 + 2.4 T finnsnanninme
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¥189g901y WWuidaduidesvoanisifin

hypophysitis’

nalnnsiialse
yuislagiudslinsunalnnisiinuesniie

noulaauedntay (hypophysitis) a8198aLa1%

lwama kagAne Mn1sAnurlunynudndnig

2V

nszfusruugilauiunusnaseuldates lnevy

q

A 5U anti-CTLA-G blocking antibody w U

1Y

1
pifuiuvesiouliauesly F901239¥eiUlean

2D

N1TENITLAAIDDNUD Y ectopic pituitary
expression U934 CTLA-4 antigens®® A5/ n w1
weSinenlufiheusiSadeRuvenuiasindinlails
(unresectable mesothelioma) Flgsun1s¥nun
f 28 anti CTLA-4 agent @ ® tremelimumab
WU 2 Lﬁauwé’uémmi%’ﬂm;ﬁﬂ’mlﬁ%wmi
adeilu hypophysitis 1817159890198 WT 04
gasluudeunuIntnviinyfegil (secondary
adrenal insufficiency) Wag N1 NWTBID5LUU
InseudvlinnAendl (secondary hypothyroid)
TnogUnededin 3 Woundasumssne nansas
wen3Ingmuindeudidenlfaussdiuniagn
Faneiiouranunannisuinden dusould
auoddIunaIlng’’
2 msuaznIsaLtulsa
daulvgfUlevsiionnisuindsue uay
doummds 3udunavinniie secondary
adrenal

hypothyroidism, secondary

insufficiency LaEN1ITNITOITDSIUULNAIINADY

laaue3 (hypogonadotropic hypogonadism)*®

CY

ANNISEFIUVRITEYELIAANDINITUTEN 11

FUA9h wrun9s1gaunuisalane 4 §lai
1&§9910158n1550 817887 anti-CTLAG {028
ICPi-related hypophysitis @1ulvegjaziin1y
WIIFOSIUUNNIT N1TAN®IVD987 ipilimumab
wuiiseulddaussdiu thyrotroph was
gonadotroph @1u1sanavu1ineulausyuna
50-60% VauEfin13vinaIuwes corticotroph 1inay
Feoreanas leeseavsasiuulusuanfiuazidud
Prelunisneinsallse
n1591a9e

ATIANUAINNARUNAVBIgRsluUuRaulAdLD
37UAUNIIM T3 Magnetic resonance imaging
(MRI) wusiaulaanasls (pituitary enlargement)
LAYNUNITRUIRIVDIN 1T IRoUlAdN DY
(pituitary stalk) lngfoalenniigueLse
wnsnszarsufineuldaussneunisitedeniiy
ICPi-related hypophysitis 1@ Inen1agsaula
auodlaazmulienieslulafdou viesieau
wunnmaneredlfalesaznauuunfngly 12
u (Asfseguil 40 Ju) fafunisasanudnuae
vosreuldanssiiundldaiuisanenniag ICP-
related hypophysitis e
N133NEN

Tngiluugiilvifionsuvgas ICPI wazla
N195N¥IRI8NIS IR LU UNALNY (Hormone
replacement therapy) 3U81n15A IR
f91san3uen ICP 3nade loaunsaansedu
prednisolone latipanin 7.5 Taansu Asuansly

AN 613
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a5l 6 ALUgINIALAsN®IAE ICPi-related hypophysitis @13 American Society of Clinical
Oncology and National Comprehensive cancer Network 2018 (ASCO & NCCN)*

FEAUAIUTULTS auldun WINNNSIAW

Gradel lLiflevmsnFellonms  finrsanmgneugthsennisasi
Bntion Snwmgnsligesluunauny

Grade 2 21n15UUNaNg; 89 ﬁmiqufﬂmﬂﬁmﬁmﬂﬂwamﬁmﬁ
A50VNNINT Snwmenisiigesiuunalnu
Uszdriula

Grade 3-4 9INITTULTY; 813 ﬁmmmqmmﬂﬁmau@’ﬂwmmsmﬁ

fatuTia lalanunse
yATnsuseIniule

Snwisnenisiigesluumalnu
W91501l9 pulse dose therapy fne prednisolone wun 1-2 meg/kg

Juarase wazanvuinenngly 1-2 dUan

ICPi-related diabetic mellitus
guAn1sal

JagtuiisngaugUag ICPi-related diabetes
mellitus (DM) 8¢ 46 518 laenuindiulvgnuly
;ﬁﬁlﬁ%’ums%’ﬂmﬁw anti-PD-1 agents lagpniise
§1uve30 gL 63 U
nalnn1siialsa

1. Autoimmune DM antibodies

WUde ICPirelated DM 3¢ @ 533 W U
autoimmune DM antibodies ladie 50% lagvn
AUILATIINYU glutamic acid decarboxylase
antibodies (GAD antibodies) A

2. HLA typing wae CTLA-4, PD-1 uag PD-
L1 polymorphism

fin1s@nwinuinBuiiaruau HLA class Il Uy
lasluley 6p21 way CTLA-4, PD-1, PD-L1
polymorphism Jugufiierdestuanuds wes
mMadelsauvuednd 1 Tnedsieanuny HLA
DRB1*04:05-DQB1*04:01 Tugv1e ICPi-related
DM Faunazdudadenddunisifelsauimuly

AUenguil

21n1suaznsaiulsa
;:Jﬂwﬁ’;uimijmé’wmmﬂmmawfwma
Tuengs wu Jaangtos finddes vaninan
winflsrgrunisiinatizidentdunsnann
WM 31U (diabetes ketoacidosis; DKA) 1 u
PINITUAAILINLADY 71% Iuﬂﬂwﬁﬁ ICPi-
related DM® Tpeilsnaiunisiinnnziilgaaus
¥suenadusnudeduaiusnndsladen auldsuld
W& 17 At vide 12 Weundtldsumsdne svey
Lamﬁﬁagmmmﬂ15Lﬁ®ﬂnz§@§ﬁ 8.5 dUnn
InesinnudngUiedl autoantibodies fe diabetes
autoan‘tigens5 N15AS29N19598Tn 81 1713&
computer  tomography  (CT),  Magnetic
resonance imaging (MRI) #3® ultrasound 813
WUAURAAUNAUDIAUTOU LAlLN progressive
pancreatic atrophy, pancreatic enlargement
n3odnwueNdldfu diffuse pancreatic
inflammation™ 1a & ASCO wag NCCN 2018
wusilidanunnziinaludongs vieens
LATOINITHANIVDINMIZUIIUTLARL WSaue

A9 SIUDIRTIVITLAVUINIANBULSUNITINY WAL
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ynadsluszyinafiiniumsdnuilugag 12 U
u3n uag 9N 3-6 FUaT udsantu®

ICPi-related DM fidnwaugianizaa’®

1) sgfutinagetueseTIn

2) fimsauidulsnauinniiznseg
goasluwduyau (insulin deficiency)
flemafnnmzihmalugedundy
sfuidendunse (diabetes
ketoacidosis; DKA)
n197UaRY

mmwuszéﬁ’uﬁﬁmaimﬁamqa lagszau

HbA1C 91992UNA LiBIINds18UNSARLIALA

Raus 6 SN asUNTNYIF8YIN anti-PD-1
agents (30) seduTUUlng (C-peptide) i 3o
MS93NU GAD antibodies fazdrsluni15iftade
A1 ICPrelated DM wazmis3ulinissnunde
insulin

NINTIVNNSIAVIAUBDU IENURAUBDUED
wioenaflawinle nudnwazdusousnauly
WIDD1TNUANURAUNA LS
A155NEN

dlugnig ICPi-related DM aglindugund
HUaeAaslasunssnwsag insulin naen

= o a
i’]&Jﬁ%LE]EJ@NLLﬁGNIUW]i’NV] 7

asnedi 7 WERSALULIINTAUATAYINTIE hypophysitis A American Society of Clinical Oncology
and National Comprehensive cancer Network 2018 (ASCO & NCCN)**

FEAUANILTULSY 5718021880 WUINATTNEN

Grade 1 laiflonnsvsetionnsiéntes;  aiunsalinissneisieen ICPi siols
syfUThAavaTene s 919fia30u1% oral hypoglycemic drug Tunguiiiiu T20M
11731 160 me/dt; lifinme  as19ARnseIn1Y TIDM
deoadunsansendangiuves
wvusied 1

Grade 2 21M15UIuNaNy; STV 9133 RAsnEANIieT ICPI AUANNTIAIVANATIY
Aatnsuseanule; sz wwnullé anansaiisen oral hypoglycemic agents lélung
tAeUEenDwnT 1NNT1 AIENSAIUANITITULEAY
160-250 me/dl fndnguves  Rarsanlyinssnwidng insulin Tunguiidads T1IDM
amwidendunse e
wvnwaiing 1

Grade 3-4 21M33ULIY 1909 UTIn Tl Rarsanmeanislien ICPI UENINIAIUANANIBUMINULG

aunsavinatnsuseaniule;
G3: SERUthAavaILeneIMS
> 250-500 mg/dl

G4, SYAUTNANAYALDAD NS
> 500 mg/dl

Sulvin1ssnwidig insulin therapy ludUleynau

J Chulabhorn Royal Acad. 2019; 1(2): 35-52

47



ICPi-related primary adrenal insufficiency
guAnIIal

N3¢ ICPi-related primary adrenal
insufficiency (PAl) wureutnetios wugURnisal
0-4.3% Tuen pembrolizumab, 0.8% Tuen
ipilimumab?® wag 0-3.3% lue1ngu nivolumab’
nalnnsiAnlsa

nalnnisindslidaiau wiidedndunusdu
wuleyd 21 leamsendiaa (21-hydroxylase
enzyme) wazgiidufuradauvuanladuuon
(adrenal cortex antibody titer) Wosanwy
¥R U 21-hydroxylase enzyme wa g adrenal
cortex antibody titer g aTu E:Jjﬂ 7 8 pembroli-
zumab-related PAI lagwugau1nnin 90% lu
Q’ﬂwﬁlﬁ%’u n1531ad8 ICPi-related primary
adrenal insufficiency
2 msuaznIsALtulsn

fUneenafienniseeumnds gnilaieudsuey i
orthostatic hypotension Jeomns ﬁﬂwﬁﬂam il
FBNUNMTANAMENTDIFaSTUURDNNLINADYNY
JUUS? (adrenal crisis) Lup1n151n
n197UaRY

AIIANUTERY cortisol #n FauRUsERU adre-

nocorticotropic hormone (ACTH) g4 2 g W U

autoantibodies # ® 21-hydroxylase’ A 17 ¢
gosluusiauvannlayianUgugll (primary adrenal
insufficiency) e1anianulaiieusn Tnunadey
a4 (hyponatremia, hyperkalemia) sgfugosluy
wealpawnelsy (aldosterone) a6 wazsziuLTy

11U (renin) a4 dnwazleNUIIABUTINDTVB MDY

a0

nuanlneranuisuidounuInlalado st
PaULUASEU n1zifeiadunenisaainvans
N 117¢% saka2000t% 4 A 17¢ ICPi-related
hypophysitis, bilateral adrenal metastasis %39
N1¢ bilateral adrenal hemorrhage
n133NYN

Tngluuugilifinnsuvenen ICP uagli
N155NWIA9NTIRE T INUNAUNY (Hormone
replacement therapy) IUeIN15AIT eaziBun
Fauandlunis199l 8 192 primary adrenal
insufficiency @unsanduunduundle 51891
Auase1e 79 U lesunisidadedunziiauanly
wviaunsnszane lasunisnwinae ipilimumab
nadssuni1sinel 3 hou AUgn1 adrenal
insufficiency Ma4MEAEIANNILBINITIU 8 LiDY
WU310198 adrenal insufficiency Megly fUqe

a1unsanenen corticosteroid o>

a4l 8 WERSALULIINIAUATAINTIE primary adrenal insufficiency #u American Society of
Clinical Oncology and National Comprehensive cancer Network 2018 (ASCO & NCCN)*

FEAUMINTULSY  T1wazLBYn WIS
Grade 1 Luflernsudefionns  fnsavene ICP aunseiiagtiegesluumauuaumzay
\@ntiey Trigasluunaunudu prednisoloneaun 5-10 mg/day %30

hydrocortisone 10-20 mg 141 Wag 5-10 mg Paudu
91992 W13U A fludrocortisone 6
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M1519% 8 (5d)

FLAUAMUTULSY  318axBen WUIMINSSNEN
Grade 2 o nsUunans; 69 RS megnen ICP JunseaftapsesluumaunLILIINEFL
annsavinnaing Tigosluunaunududu prednisolonerun 20 mg/day w3
Usyiriula hydrocortisone 20-30 mgi#n kag 5-10 mg Faau
9199z WA5UN A fludrocortisone TIL60E
Grade 3-4 9IMTTULTY 01904 saumeanisvien ICP audihelasugesluuvawnuaumneay

e Tdanunsarin
AaTnsuszaniulaL

lunmeanidu "l hydrocortisone 100 mg %50
dexamethasone 4 mg namasaLana SaAUlwETULNGD

(agtiay 2L) viaaUige1n1saTy Hansanane1aumaevuaUng
Tu 7-14 Yy

ICPi-related hypoparathyroidism
guAN1sal

Jaqduidsrg9runisiia ICPirelated
hypoparathyroidism TugUae 2 518 lagluln.ea.
2560 Myint Aung win LagAMLINYINUNUNIT
WAnN1IENIeegasluunIInsesa (hypopara-
thyroidism) Tu g Ussuzisainanluuiyila
unsnsza1elasunIssnwIAaen ipilimumab way
nivolumab tJut1a1 1.5 1heu Tnadiszau
AT Woangs wazninsedugesiuy
wisnsewdlils gUednselasunmsnenulud
W.M.2562 Paramarajan Piranavan 51897 U3¢
uyisavanayda small cell (small cell lung
cancer) fifasldsunissnwide nivolurmab fin
n111¢ hypocalcemia $21AUAN17¢ hypopara-
thyroidism?
nalnn1siialse

L%a’iﬁﬂmzmil,ﬁmmiﬂizﬁumiﬁﬂmuﬁuaa
calcium sensing receptor (CaSR) 310 CaSR-
activator autoantibodies L{839niin13nsIany
antibody TugUae
g nsuazn1saiulsa

fefiitansau udeerns s ndude
gouls dAuianvinuueu Uinvies iedwn

aauldeondou uaﬂmﬂﬁwudmé’wqmmammﬂﬂ
7 4 Weousziunpaeusllldnduunduund?
15914938

MIANUIEAU caldium wag ga5luunisn
nsesddn Ingliiflanvadu 1wy n1sare3ed
USLIua1Ae Nsksalnsesn
A155NWN

Tn1sSnuinlednndunyiia active S7uAU

calcium replacement

ungsu (Conclusion)
nadnuAgaenuneNlsvieuasiunyuadal
31n871n§3 immune check point inhibitor &iL6
sawogne Sedaruunssiaustiosaufsguuseds
F9m nrsAaeuTimuizanLaznisulnge s
NATNLAYINANEIAY NNITUNTNGDU LA
NaTN1UALIRINEIAELRNITA 1 UAN S Bd1U50
TnsSnwimeeuaznsivigasiuunawnule win
;:Jﬂwlé’%“uma%’ﬂmﬁgﬂéfaq winngan JUaeag
A1UITONAUNISUNITSAYIAILYT immune

checkpoint inhibitor Aaiiiaslanuimu
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