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Abstract

Immune checkpoint inhibitors are new cancer immunotherapies based on the principle of stimulating
the immune system to eliminate cancer cells. There are three types of immune checkpoint inhibitors including
anti-CTLA4 antibody, anti-PD-1 antibody, and anti-PD-1L antibody. The mechanism of action involves the inhibition
of the immune checkpoint, thereby activating T-cells to destroy cancer cells. However, enhancing T-cell activity
also leads to immune-related adverse events that can affect virtually any orean. The reported adverse events in
the kidneys include electrolyte imbalance, slomerular disease, acute kidney injury and acute rejection in kidney
transplants. Acute kidney injury occurs in 2-5% and is presumed to be immune-related resulting in acute
tubulointerstitial nephritis. Withholding the drug and administration of corticosteroid are the mainstays of
treatment. The medication may be rechallenged after the improvement of renal function. Glomerular disease,
although uncommon, can be manifested as nephrotic or nephritic syndrome with variable pathology. The heightened
T-cell activation is likely the cause of acute rejection in kidney transplants. There are currently no recommended

treatments, therefore, it is advisable to monitor the patient closely for any possible side effects.
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ﬂejmmﬁﬁqm%(é’uéy’mﬁﬁwmuﬁamguLszmwasjéi (Immune
checkpoint inhibitors; ICPIs) teigninanldlunissnuiuess
vanewdn Wesnldnanissnwniia fanuvasadeinniy
guaiiv1inuazanunsaiudnsnissentinuesion Jaun
ICPIs az8uda immune checkpoint fifuvitia T-lymphocyte—
associated antigen 4 (CTLA-4), programmed cell death-1
(PD-1) %39 programmed cell death ligand -1 (PD-L1)"?
Aansnseduniiduiuiiesihaiswaduziie egndlsfinm
gnguilorviliAnnneunandeuiiduiusiussuuniduiu
(immune related adverse events, irAEs) WIINNITNSNTIU
nalmannnisldien 1CPIs wulives wiflanuddayilesann
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FeTnld uneanuiisnanfeeudiuguvesssuugiduiu
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(innate immunity) wagszuuiANAuTIAnn1emds (acquired
immunity) Taglannzszuuniiduiuiitianiends daaw
adlunsminwaduzdiunisinuresiivad Sudu
PINMITIaaTIkanIwoURIL (antigen presenting cell; APC)
UNAUDLOURALIUNIY major histocompatibility complex
(MHC) %aag"wﬂ’maa APC unfiwaanienisiuiu T-Cell
Receptor (TCR) uuRwesiiwad ndayaiasd 1 10unssug
WOUALAY (Antigen recognition) siosnasiiin dayayiasdt 2
doyayausilunisnseunisyihauvesiiisad (Co-stimulatory
pathway) lag CD28 vuiivesfiwas awduiu CD8O se
(D86 vuiIwee APC nszfulivias asnalelalasing 9
fiddey e Interleukin2 (IL-2) S?fwzlﬂﬂ'ﬁsﬁué'zgﬁymﬁ 3
diansifinsiuiuvesiiead (T-cell proliferation) uay
\Wasuanwvesiiwad (T-Cell Differentiation) Tinaneidu
Fffector T-Cell sauvaiinnsadrdlalnlasing q ilerdn
Wolsauaziwaduzield (3U# 1)

Dendritic cell Signal 2
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pathway) loun CTLA-4 %aaguummmﬁt&uaa‘amm CD28
JUAU CD80/86 UURIUBY APC [WULAIRUNITIUAUTENIN
PD-1 ffu PD-L1 %30 PD-L2 axdsmalifiinnistiudanisvien
Y83 CD28 \inN13nseAu Co-inhibitory pathway lag PD-1
wuvuivesimadldfunsnszduuda (activated T-Cell)
dau PD-L1 wuldluwadvesssuugiduiu wu fwad,
Jwaa, wadnulasin, LLuﬂIﬂsW’mLLa:L%aa‘Suﬂ WU
wasuziSe, wasnTwiaenden, wasiuseu Wusy v
pD-L2 wuldluwadvesszuuniduiuvindy lunsdifivad
Igsuitesdnyanai 1 uaglildsuduanad 2 asvilviiead
ldnovaussnalaudlau (T-cell anergy) Fudamsiiusuan
waznsasLan NveITivad Saadiy regulatory T-Cell
Fadumadiiiunum diglunisnanisnouaussienifui’
(Uil 2)
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TCR, T-cell receptor; MHC, major histocompatibility complex; APC, antigen presenting cell; IL-2, interleukun-2
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Tumor cell or Antigen

T-cell
TCR signalling

Co-stimulatory pathway
« Proliferation
« Cytokine production
« Preventive of angergy
« T-helper cell differentiation

P Activation

Co-inhibitory pathway
* Anergy
« Inhibition of proliferative
and cytokine production
* Apoptosis
« Increase regulatory T-cell

APC
MCH TCR
Costimulation
CD80/86
CTLA-4  Competitive receptor
R— binding

Downregulation of
TCR signalling

PD-L2

PD-L1

v

JUN 2 wadnsves T-cell activation lagnisvirunudyaid 1 uaz 2 denisnevauesesszuugiiquivlusunelay

q

LEAINAUDY co-stimulatory pathway Wag co-inhibitory pathway

UNUIMUBY immune checkpoint inhibitor sian1s
SnwlsAuziS
wanugiSaInIsanaundnaInn1sinatevesgiAuiy
1AeN3EAUN1SYINaUYRY immune checkpoint Usenaumie
CTLA-4, PD-1 way PD-L1 %1% Co-inhibitory pathway
¥ty dealiiwadlinevaussseuaufiauves
waduzisadslddnisiarswaduzise lagen ICPIs 39
vJu monoclonal antibodies %VLUE"J'UE"?&V; CTLA-4, PD-1 %38

PD-L1 viliflwadgnnszsu wazaunsavinanswaduziis
1eluiign wuimisinudiheuzidadiesn ICPIs Wiudnsn
nssentinlauTiuwazdnsinissendinlaelsaasy Tugdae
LS maneyie wu melanoma, non small cell lung cancer,
uroendothelial cancer, renal cell cancer Wusu Uagduen
nauildsumssusesnesdne s waveuisanigening
(FDA) TunsirunldsnelsauziSeriinneg® dananslu
A5 1
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M13797 1 81088 immune check point inhibitor Ikunawnalnnsiukazdeywnesdng emsuazeanigonEng
gousulunsthunldSnuwlsausse®

nalnnsvineu Foustlumsinunlsnuzie
Anti-CTLA-4 Ab Ipilimumab CRC? melanoma, RCC*
Nivolumab CRC, HDD, HL, melanoma, NSCLC, RCC, SCHNC, SCLC, urothelial carcinoma
B-Cell { h , ical , gastri , SCHNC, HCC, HL, la-
01| etz (>4 gt e e s e
Cemiplimab Cutaneous squamous cell cancer
Atezolizumab NSCLC, urothelial carcinoma
Anti-PD-L1 Ab Avelumab MCC, urothelial carcinoma
Durvalumab NSCLC, urothelial carcinoma

Ab, antibody; CRC, colorectal cancer; CTLA, cytotoxic T-lymphocyte-associated protein; FDA US, Food and Drug

Administration; HCC, hepatocellular carcinoma; HL, Hodgkin lymphoma; MCC, Merckel cell carcinoma; MSI-H,

microsatellite instability-hich cancer; NSCLC, non-small cell lung cancer; PD-1, prosrammed cell death 1; PD-L1,

programmed cell death 1 ligand; RCC, renal cell carcinoma; SCHNC, squamous cell head and neck cancer; SCLC,

small cell lung cancer; “In, l95927Y nivolumab

nalanisiianiazunsndaunislaiiinaineingy
immune checkpoint inhibitors

ofinisldengu ICPIs Tunsinwilsaugids ICPIs vils
fwadlasumsnsyduinanisunsn- deuiduiusiugiduiu
(irAEs)’ AdneAaIiunISAn autoimmunity ABaiEIZANN 9
TageToaginumniigaldun famils ssuunmafuemns uas
szuusionl$vie® (Ms1afl 2) dwiunainadsmnilanutes
LwiﬁmmﬁwﬁtgLﬁaamﬂwuqﬂ’aﬂwsﬁﬁuﬁu wazdlnasionis
Shwlsuzise W viliresszasnisinulsausiasovili
mssnwatiesnennazdeauilunnzmilanon’ Yagliu
felamsunalnninifin irAEs ¥y Ssenaiitladenisdiu
wugnssy WowAuasmaiiieades nnisAnuideidedn
1iAn9N 4 naln el (Ui 3)°°

1. iloeanen ICPIs 1u monoclonal antibody dlolusu

fulusuilalaenss denalidinisnszdulsiiAnnisdniay
wagtinnisvianewaatuls

2. 91 1CPIs fualunsiiinusiuiuves activated T-cell &
N3 tumor antigen weiluu19nsa LeuAuTaguY
RvsawaaUnfenadianwueadgaaenu tumor antigen 3
#I tumor antigen aguURIIAIUNF VIl activated T-cell
WnduiuleuRUULRImadLasaewadlulala

3. 91 ICPIs finalsf autoantibody sielnfifiegudanou
18508 (preexisting autoantibody) WS LALINNTY 150
eilnariliidnanieadne autoantibody delaindulul (de
novo autoantibody) dwavilAAnnssnia@ulagynatewaala
AL

a. 1 1CPIs liAnnsadslalalasduiiasing o inntu de
nalmAnnsenEUTedla
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A19149% 2 l5ALare1n159AAYn Immune checkpoint inhibitor associated immune related adverse events sinaigzmnige

2987 ‘ TsAuazaN1siiny
e ON Vitiligo, Psoriasis, Rash, Stevens-Johnson, DRESS
SYUUNLAUDINIS Pancreatitis, Ileitis, colitis, Gastritis, Hepatitis
syuusonlivie Thyroiditis, Hypophysitis, Hypothyroidism, Adrenal, insufficiency, Diabetes mellitus
#1 Conjunctivitis, Episcleritis, scleritis, Uveitis, Retinitis, Blepharitis
szuulauaziduidon Myocarditis, Pericarditis
SZUULAON Hemolytic anemia, Neutropenia, Thrombocytopenia
JrUUUsEAm Neuropathy, Myelopathy, GB syndrome, Encephalitis, Myasthenia gravis
seuuMBAumela Pneumonitis, Pleuritis, Granulomatosis
‘i:UUﬂayﬂm‘ﬁaLLazﬂisQﬂ Myositis, Arthritis, Dermatomyositis
I Acute tubulointerstitial, nephritis, Acute tubular necrosis, Minimal change disease,
Membranous GN, Necrotizing GN, FSGS, C3GN

C3GN, C3 glomerulopathy; DRESS, drug-related eosinophilia systemic syndrome; FSGS, focal segmental

glomerulosclerosis; GB, Guillain Barré; GN, glomerulonephritis

Anti-PD-1 antibody

Direct ICl binding

to cell surface A A
(CTLA-4-mediated) activation » L A '
” Pro-inflamsnmatory
Autoantibody, 4 cytokines T-cell proliferation

production 3

Autoantibody-mediated

\damage
» 4

T-cell infiltration

Cross-reactivity

JUN 3 nalnnsiinnnizunsndeunmslnainnislder immune checkpoint inhibitors
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Tayan1IzunIndounielanaingingy immune check
point inhibitor #un91nn1sidenadiinszesii 2 wie 3
wazn1391eudlae nganunsautsnnizunsndaunialey
4 ngu lawn angaugainfeusiaund lsavedlnalweida
(glomerulopathies) n1aglanadeunduiifinnnuisites
f1u ICPIs (Immune check point inhibitor associated acute
kidney injury, ICPI-AK]) Wag Wansenuwessl ICPls #anIs
Ugnengls

Aazdunandausiaung
g1 ICPIs duiusiunzaunanisusinunivaleviin
Anulauss@s A1y hyponatremia hypokalemia wag

11" A19% hyponatremia Uunnzauna

hypercalcemia
inFeusinunfifinutosiian felsenugtinisaifuriosas
1.2 qufiefeway 62" Tnedvaduides laun nslden
ipilimumab, mslasvetulaanzuaglalanuiinm® wuin
finanenalnirlifiinn1iy hyponatremia finuldvese
Mg syndrome of inappropriate antidiuresis (SIAD) wula
Fovar 36 9ranuTuduAudaUnAURssTUURBUlI VD
(Endocrinopathies) ®Wu hypophysitis, adrenalitis wa
thyroiditis™ FawiilAn hyponatremia 1aa1n 2 naln leun
cortisol deficiency Wag hypothyroidism @3y cortisol
deficiency WadnAnannsit ICPIs nseaulviiin hypophysitis
dwaliiia panhypopituitarism taz secondary adrenal
insufficiency #1431 uaﬂmﬂﬁwudw ICPIs vlvlAn adrenalitis
waz thyroiditis lalaenss dwwalvitin primary adrenal
insufficiency wag hypothyroidism a1uu1™ wuinstasu
gIngy anti-CTLA-G JAuduiusiunisiiin hypophysitis
wndign vnigiengu anti-PD-1 Wag anti-PD-L1 duus
fun1suAa thyroiditis mmﬁqm“

N133N¥1017% hyponatremia 91n SIAD $nwuilou
Usgrnsald 1éun madmirdamfunisiuuseniugde
N3NNI vasopressin antagonist @1UN15INEIAIIU
Anunfvessyuuseulivie dulngiinidunisagdenins
Tududeslasunmsshuinesesluumauny 1wy glucocorticoid
30 thyroid hormone N33 ICPIs anusasiiusaly
IeshensnaunusesTuuimnzauaugiuly™

Mg hypokalemia wulduoyse331nn12 hyponatremia
Tgufinisaluszanaiovar 19 nalnlunisindslinsiuuuda
91998t AnNNaEENTEUUNIAALEIMNTIINA I A L
Tugydntauaine ICPIs (ICPIs mediated colitis) #3991n
nsasden19lnaInande renal tubular acidosis™
AMg hypercalcemia TugthedildFuen ICPIs shmulugfiae
fifiszsu parathyroid related peptide (PTHrP) éjdﬁﬁu
9N ICPIs, uzi59wiin sarcoid like granulomas waviUae
lsauzidsszozana’®

lsavaslnaluagad (glomerulopathies)

nmansatuilelaluftisuzdeilasumsdnudee,
ICPIs wunegnSanmuedlnalueida Usvunuiovay 3-8
Fangrdanminudanuvainvate lasauisauuslse
vaslnalesdaiiieatesiuen ICPIs mue1nsmsaddnle
il

1. nephrotic syndrome weranmiinuldn minimal
change disease, focal segmental glomerulonephritis,
amyloidosis ez membranous nephropathy

2. nephritis syndrome wean ndinulaun pauci-
immune vasculitis'’, complement 3 glomerulonephritis
(C3GN)*®, immunoglobulin A nephropathy"’, IgA dominant
postinfectious glomerulonephritis®’, anti-glomerular
membrane disease, thrombotic macroangiopathy, immune
complex glomerulonephritis kaz lupus-like nephritis™

NASMUNMILITIAUNSsuog1adussuy (Systematic
Review) w94 Kitchlu wazaaz’” werdanmiinuvssiian
f® pauci-immune vasculitis $98/ay 26.7, podocytopathies
Souay 24 uaz C3GN Jovar 11.11 luftheidlanedeundu
Tusihiinng acute tubulointerstitial nephritis $21#78
dwsunalnlunisifalsavednuesdadalinsiudanu®

Jagdunulsaveslnaluegdaiiinaineangy ICPIs
wpnARfumILuAazydavetsLasliiLuImisnIssnw
Adumne egndlsfinuannnsmeaugtae wuiithednilng
AoUAUBIRRNTIINWITENMIMYAE ICIPs Saufumslvienaes
Alaaifusend uazerafinrsuilioinagiduiuduiiufy
Tumedilineuaussdonisdnu®@ssit 3)
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A13199 3 Jeyarenugileiialsavednale3daainnislden immune checkpoint inhibitors

amsuanamslanas

v d N133nN NaN153INeI
Tspvaslnawesaanny

Y
3189UH U

nsneeugileildaueingy anti-PD1

Daanen® Nephrotic syndrome, FSGS DI + Steroids + MMF Remission flowed by
proteinuria relapsed
Kitchlu® Nephrotic syndrome, MCD DI + Steroids Partial remission
Mamlouk'’ Membranous nephropathy DI + Steroids Remission
IgA Non proliferative lesions DI + Steroids + MMF + Infliximab | Partial remission
Focal necrotizing pauci-immune DI + Steroids + plasmapheresis | Partial remission
glomerulonephritis + Rituximab
Jung” IgA dominant postinfectious DI + Steroids + RRT Remission

glomerulonephritis

Cortazar”’ Pauci-immune GN ANCA negative Steroids + Rituximab Remission

Ashour® Diffuse endocapillary proliferative GN | DI + Steroids Partial remission
with cellular crescents, Complement
3 glomerulonephritis

Gupta"” AA Amyloidosis Tocilizumab No recovery

Membranous with lupus-like features | IVIG No recovery

ns5eaugUlenlasuengu anti-CTLAG

Mamlouk'’ Nephrotic syndrome Endocapillary DI + Steroids Remission followed by
hypercellularity relapsed
Gupta® Pauci-immune GN DI + Plasmapheresis + Rituximab | No recovery

n35518a1ugiaeiilésueangs Anti CTLA4 + Anti PD-1

Kitchlu® MCD DI + Steroids Remission
Mamlouk'’ Focal segmental pauci-immune DI + Steroids + Plasmapheresis | Partial remission
glomerulonephritis with no crescent |+ Rituximab
MPO + ANCA
Fadel® Extra membranous and mesangial DI Partial remission
deposits (IgG, IgM, C3 and Clq)
and + ds DNA

ns5eaugUleilasuengs Anti PD-L1

Gupta®” Pauci-immune GN Rituximab No recovery

ICPIs, immune checkpoint inhibitors; FSGS, focal sesmental glomerulosclerosis; DI, discontinuation immunotherapy;
MMF, mycophenolate mofetil; MCD, minimal changes disease; RRT, renal replacement therapy; IVIG, intravenous

immunoglobulin
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aaglaeeunau
amiglameoidsundundunnzunsndeuiinuvoslugiae
ug13s nuNeldsu ICPIs Anlanedeundy aname
Flailéiieados ICPIs Ussanaderay 17 Fadulngifnain
nsmaiuaznisiade Turueiinisifalaneidoundu
ffieadeatiu ICPIs (ICPl-associated acute kidney injury,

ICPI-AKD) wulseanaisesay 2-5%7%

risk factors and outcomes
of acute kidney injury (AKI LLazLﬁﬂlmﬂmaﬁjuwé’u?uuiﬂ
(AeSueftuiiaue NPt 3 whrdesnnni 4 fiadndu
fawndansuselasunisiivanauwnule) Sesay 0.6 lag
ave) ICPI-AKI fiwuvsefign Ao acute tubulointerstitial
nephritis (ATIN)'"#*
a1nn1s@nwinudadeidesfivinliiAnng ICPI-AKI
ﬁamiﬁ‘liﬂlmL’%ya%“aagjl,au”'”proton pump inhibitor (PPI
nsilvsEiRianzunIndounieiiauiu (irAEs)>*'proton
pump inhibitor (PP Lagn151@5u81 proton pump inhibitors
(PPIs)*****proton pump inhibitor (PPI usnannslasuen
PPIs azLfinmnudessionisifin ATIN Tuauund wuiinislesu

[

&1 ICPIs $2uffu PPIs iiun1siAn ICPIFAKI Wednuinain PPIs
wifiunmsuSioufauvesiiwadantuen ICPIs Wunsedu
HadsvhlfAnnisnouaussououfivay (loss of tolerance)
Tulpauun dwmfueriiinliiin ATIN 3u 1wy gngu
Non-steroidal Anti-inflammatory drugs (NSAIDs) %30
g1UfTusidelisuiu ICPIs mslduniandiszianisiin
ICPIAKI $hewuiiu® uenanniidfamuiinstien IPCls saurfu
2 31 W anti-CTLA-G 591U anti-PD-1 %39 anti-PDL-1 9%
wislenaiia ICPIAKI 31ngau?

desnfihouzdainagiinanduiotesniiauun
Favdwasoapiuefiiu nslidfemnsiinanglane
deundudlifivefvuasauduiidanu nsmonugiae
Tuns@nuengg Jedeeninuaaideinlunisensdauaz
Fudusesdmstmuamirinanusmilusuan® lngau
Juusadlnedeunduainnissnnidlegiduiuita
aunsauuslamiu The National Comprehensive Cancer
Network (NCCN)*® #39uus014 The American Society of
Clinical Oncology (ASCOY” Fauanslumsnsd 4

o w

A19719% 4 ﬂ’ﬁﬁi’]LLUﬂﬂ’JWﬁJjULLiQGUaQ‘lG]’N?JLﬁﬂUWﬁu%’]ﬂQﬁ@ﬂJﬂUU’mﬂm’]iﬂ NCCN Version 1.2019 uag ASCO

ANINAAITY

NCCN svdu 1 |Suefiluiinty 1.5-2 wihwesriurdenduefiduifiutusud 0.3 fadniusendansainaiy
syfu 2 | AlweRituiiniy 2-3 WihwosA iy
svdu 3 |suefiluiintuinnndy 3 whesriuriennni 4 fadnsusendans
syfu 4 | PSuefiluiintuinnnit 6 whuesrfuvieiifousddesinunitanaumile

ASCO Seau 1

ASLONLUNLTIU 1.5-2 WiIN9ALALNTDATWLENRUALNINATN 0.3 HadnSUABLATARTINNALAL

1) a aa o X ' I a
SEAU 2 | ASWENRUANTU 2-3 1WA
SYAU 3 | ASWRNNWNLIULINATN 3 WNYIAANMIININNTT 4 HaanSUADLATANTVS LU U aIUDY
Tsaneuna
SEAU 4 [AnMELnsNYaunliounsusedIndaliveusinaesnwirdanawnule

NCCN, The National Comprehensive Cancer Network; ASCO, The American Society of Clinical Oncology
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dUe ICPI-AKI 91alifiennisiiaundle o usnsiaiden
wuansinuvedlafianas wag/vmiensandlaansiinund
finuvesio nsnuidadenu, Wadoauns waglusiu
Tudaaniy duenns classic triad 989 Acute interstitial
nephritis W 14 iy uaz eosinophilia wusieadniios®>
1NNITANBINUINNTIE ICPI-AKI finagtAngudunisiie
irAEs 91NN15AN®1909 Gupta WazAuzs™ wunisiia ICPI-
AKI $aflunTIy IrAEs Sowaz 43 wuRediunan1sfineues
Seethapathy wazAmy® wums 2 Amvsiildddovas 87
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