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Abstract

Senior project title : Pharmacodynamic effects of immunotherapeutic antibodies

on cytochrome P450 in human hepatoma cells

Students’ name : Miss Patcharaporn Subsri 6036755933
. Miss Similan Chaiyo 6036782833
: Miss Anna Henchob 6036797233

Advisor/Co-advisor : Nonthaneth Nalinratana, Ph.D.

Field/Department : Pharmaceutical Care/ Pharmacology and Physiology

The discovery of immune checkpoint molecules on the cell surface which can inhibit the
immune functions in eliminating the tumor cells could lead to the development on the cancer
immunotherapy approach. Immune checkpoint inhibitors (ICls) are the class of drugs that have been
approved for human use and recommended to be the first-line drugs in treating many cancer types.
However, since all of ICls are now therapeutic proteins, the effects of ICls on hepatic enzymes are still
limited, compared the small molecule chemicals. Therefore, this study aims to examine the
pharmacodynamic effect of ICls on cytochrome P450 in cultured human hepatic cells. Pembrolizumab,
anti-PD1 was incubated with human peripheral blood mononuclear cells (PBMCs) and further co-
cultured with PD-L1 expressing CHO cells (CHO-PDL1). Released cytokines in conditioned medium
were examined using ELISA assays showing that the levels of IFNY and IL-2 were increased when
compared to non-treated PBMCs. The effects of cytokines on cytochrome P450 enzyme expression
were performed by incubation of conditioned medium with cultured human hepatic HepG2 cells and
MRNA levels of each CYP enzyme were determined by using real time polymerase chain reaction
technic in comparison to those that receive antibody and the appropriate control group. The results
showed that conditioned medium from Pembrolizumab-treated PBMCs exhibited a statistically
significant diminishment in the mRNA expression levels of CYP1A2 and CYP3A4, as well as CYP2CS,
which has the same tendency. Meanwhile, the levels of CYP2C9 and CYP2C19 remained unchanged.
These results suggested that the drugs which are the substrates of CYP1A2, CYP3A4, and CYP2C8 might
be affected when given together. The findings of this study provide the information on possible indirect
pharmacodynamic effects of ICls which may cause drug interaction to other chemical drugs. Hence, it
could be applied to further study the concomitant medications in clinical uses or to follow up with

patients who use ICls with other medications.
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Estimated number of new cases in 2020, all cancers, both sexes, all ages

Oceania

254201 (1.3%

Africa

1109 209 (5.7%)

Latin America and the Caribbean
1470 274 (7.6%)

Northern America / N
2556 862 (13.3%) >

Asia
9503 710 (49.3%)

Europe
4398 443 (22.8%)

Total : 19 292 789

Datasource: Globocan 2020
Graph production: Giobal Cancer ) o
Observatory ( ) -
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The most common in 2020 (in terms of new cases of cancer)

stomach

1.09 million cases
breast

2.26 million cases

skin (non-melanoma)
1.20 million cases

prostate
1.41 million cases
lung
2.21 million cases

colon and rectum
1.93 million cases

JUN 2 wanadnudtrenglminilanvowsiSusazeiainuldveslul 2020

Number of new cases in 2020, both sexes, all ages

Liver
27394 (14.4%)

Lung

Other cancers 23713 (12.4%)
87 110 (45.7%) —
Breast
22158 (11.6%)
Cervix uteri Colorectum
9158 (4.8%) 21103 (11.1%)

Total: 190 636

JUT 3 wansdnudUienelnilulsemelnevesnssusasyialul 20202

@ 4 =

nsifdadeusiiefigndosdanudndudimiunisdnui fussans amuaziminzay
N5 INELs 9T 1a1875 19y WA (surgery), N15218594 (radiotherapy) way
N195AYILT 95U (systemic therapy) laun Lasivnda (chemotherapy), 805 luutU1Un
(hormonal treatments), M33nwNzSaraewuugai (targeted therapies)

Ing immunotherapies Wunildlu targeted therapies Jadun1snseAuszuugiAuAuli

9

o 3 o < (4)
NMAYULYARUSLIN



wagaInnsAunuNIsSnelsauzsalaenisldgdduiusnmielunsredivlsausiss
vioniduiutiinumss (Cancer immunotherapy) 1 Iéthlugnmsiamelunguivans
L Immawwzﬁluﬂdmmé’ug’q immune checkpoint (Immune Checkpoint Inhibitors; ICls)
fdlutigtuilolunguidldsunseyiFlluuyed wasuuzdlWHduisen first-line drug
Tunzi§enany 9 3iln sadaduen second-line drug lunsdifilinevauesrasaiividn
wmsg1u® Tnsenau ICs Tutlaqoudl aefidsaneedd 3 dums 18ud programmed cell
death protein 1 (PD-1) ﬁlaq'uu T-cells, programmed death-ligand 1 (PD-L1)
ﬁagﬁuumaﬁmﬁﬂ way cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) ﬁagjuu
T cells Tnsmnelududsnisdufusening PD-1 uag PD-L1Taufsnisfisndudanisdusu

[
(Y v =

58I CTLA-A wag CD80 aza1unsaili T-cells "Laigﬂaummﬁmﬁwﬁﬁﬁm%aémﬁqléf
FalutiaguelunauidildsunsoudElldlunysd asduewiln monoclonal antibody
ﬁmmmLL“U'&mmﬂalﬂﬂﬁé’uéu’amﬁ{fw‘ﬁ’uiuLaqarﬂmma LA
1. PD-1 inhibitors lawn Pembrolizumab (Keytruda®), Nivolumab (Opdivo®),
Cemiplimab (Libtayo®)
2. PD-L1 inhibitors lawn Atezolizumab (Tecentrig®), Avelumab (Bavencio®),
Durvalumab (Imfinzi®)
3. CTLA-4 inhibitors lawA Ipilimumab (Yervoy®)
lasundindn JeyninisiAndunsisenvese (drug-drug interactions) ‘ﬁgul,‘fJu‘szgm
wilsinulsueslugvasuzise ilesmnmsiigUaetnldsusvans 9 silnsauiusisenaany
griildlunsinunlsauszdiadu q uieonillddnvmeisa feoraaztilugnisivasundag
sysuelusnane vilinisdnuildldne wieiineinistianaswnniy © Ingenvaziinen
s erdanddlumidea Thannisuanseoenveveuleifildlunisiudsundasen 1wy
woulesingulalalasy 7 450 (cytochrome PA50 %30 CYPs) Tiiin1suanseaniiunniu vl
mﬁ’gﬁuﬁgmaulsdﬁ%ﬁﬂ CYPs dudsy ﬁizﬁumamawmmiﬁgﬂLauisnajm?ﬂ'auwmmiﬂ

NI NAY n3aludnnsaiund af endndalududanisvinauvesauley CYPs ueuiia

A A

fazddinaszAvenddungnieuled Crps wlauulasuliszaueifivgsduainnisiieign

Wasuwastesas @

nsiinsunsAsendui sniadlolieidumenaiisauiu uidmsuenidu
therapeutic proteins lagianiz monoclonal antibody Hu wutenaerliiilenialunisiie
Sunsfsertuendu 9 Mduienadlaenss lownanmana Wy n1seengnivede

C%

monoclonal antibody HuAsut19azIWIEiulmNelnense wazdinazdulusaudinung



Ausnuingad ilvdlenatesiaglleongni nszdudafuvia nuclear receptor
meluwed udinnisasdyaamisdlfiinnisuansesnveseuledlgunduly ©
Tunenduiiunszurunisiudeuudasen monoclonal antibody duRaduiieaiunisaans
TUsfiu nieaeulndlusienie @ Femsaindenaifidesedeieulesl Cvps Tunisvi
UfFseenfinduifiodsuuladasiairomaeivosinenaiteenananldiluwinguitu
Tonalunsiindunsnsenseningmien monoclonal antibody wagslenaidedlldunnidule
pgalsiny d91eaunisanerinlalalag (cytokines) unsuiln @unsodiwanens
uanssanvaeulusl CYPs 1 1wy dnenulufiieifaiuidssgedeniainugids (high-risk
melanoma) 7ilésun1ssnwdie IFNOL-2b W1Age dnaannisvihuveseulsd CYPs viin
CYP1A2 wnuziilsifinasio CYP2EL 19 yonanismumuduiugseninassiu interleukin 6
(IL-6) MiinTuduisaunanmsiadalspaudn funisanaswesnisiasuudasssiuen
carbamazepine 1V \Hufuy
Feladsneruiwansanuilunaeavaaeuarluidldinveslalnlay (cytokines)

wilaeine o Nilnadetoulyl CYPs A1nNs19h 1



A15199 1 wavaslelaladnenisvinanuvsaeulysl CYPs uaazvia 12

Cytokin
CYP enzymes
es
CYP2C1
CYP1A2 CYP2B6 CYP2C8 CYP2C9 o CYP2E1 CYP3A4
4 s 4 s
- 0 0 0 %39 P %39
& &
4 e
TGF-B1 1y o 4 4 4 4
= = @ =
R N 1 e g 4 3o %39 g g
1 = &
@ =
g 8 88 e g
IL-2 @ @
La N 4 4 1 %30
&
IL-6 iy il 3 ) 2l
IL-10 & il

nnsnbelalade1sazdsnaliinnisasusdasusuinuearn1svinauve ey bayl
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A1519% 2 fregsenidu substrate ¥ag CYP 1319

CYP enzymes Substrates
Lidocaine (3A4, 2B6) Olanzapine (2D6)
CYP1A2 Melatonin (1A1, 2C19) Propranolol
Naproxen (2C9, 2C8) Theophylline
Amiodarone
Paclitaxel (3A4)
CYP2C8 Amodiaquine

Retinoic acid (2C9)
Cerivastatin (3A4 minor)




CYP enzymes

Substrates

Chloroquine (3A4 minor)

Rosiglitazone
(3Adminor)
Troglitazone

(3Adminor)

Diclofenac
Flurbiprofen

Glibenclamide

Losartan (3A4/5)
Meloxicam (3A4/5)
Phenytoin (2C19)

CYP2C9 Glimepiride
Piroxicam
Ibuprofen (2C8, 3A4/5)
Tolbutamide (2C19)
Indomethacine (2C8)
S-warfarin (4F2)
Irbesartan
Amitriptyline (1A2,2C8, 2C9) Omeprazole (3A4/5)
Clomipramine (1A2) Pantoprazole (3A4/5)
CYP2C19
Imipramine Proguanil (3A4/5)
Lansoprazole (3A4/5)
Alfentanil Etoposide
Alprazolam Felodipine
Atorvastatin Fentanyl
Budesonide Granisetron
Buprenorphine lfosfamide (2B6)
Carbamazepine (2C8) Irinotecan
Cisapride (2A6) Midazolam
CYP3A4
Citalopram (2C19, 2D6) Mifepristone
Clarithromycin Nevirapine
Codeine (2B6) Quinidine

Cortisol

Cyclobenzaprine (1A2, 2D6)
Cyclophosphamide
Cyclosporine A

Sildenafil (2C9)
Simvastatin (2C8)
Tacrolimus

Teniposide




CYP enzymes

Substrates

Dexamethasone
Dextromethorphan
Diazepam (2C19)
Diltiazem (2C8, 2C9)

Testosterone (2C9,
1A1)
Tetrahydrocannabinol

Triazolam

Docetaxel Verapamil (2C8)

Erythromycin (2B6) Vincristine

Zolpidem (1A2)

* lpulegd CYPs du 9 Midmlun1siasunlaseuanslulbu

INMAnEnnIsveseTtungs ICls Wi agludugslaanafiduginisinuesssuy

%

piiauiu Wneang T cells dwmaligaauanianisnssdunisyinnuees T cells nfiag
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L1 Inediidmuneegf PD-1 Miaguuia T cells Wagnlududu PD-1 wdragyililiiinnis

[
LYY o

gugani1syineuwes T cells danalmfnnisitanowaaugiis lnonunisnalnaig 9

masiumsadlalalatieln IL-2, 1L-6, IL-17, IFNY uag TNF-QL 910 T cells fignnsedu 49

Immune checkpoint

No treatment inhibitor

PD-L1 PD-L1

tumor cell

MHC I MHC Il

Pembrolizumab

@
Trereos N N7 tereps |
' PD-1 PD-1

AC(IVBUOH:
T-cell p Deactivation | FD“M’" Activation
] — Cytokines production
Z

gﬂﬁ 4 LaAINalNNISYNUYeIeLaURUA Pembrolizumab Fadusnlududanisaunu

5311919 PD-1 wag PD-L1 Tnefimneeg PD-1 flegfuudia T cells

ag9lsAnunsfinwdmaveseingu ICs don1siasuwlanisuanioansonis

auveseulesl CYPs dudaliegedednin nsdnwinileanenuiissauvelalalali



Aendesiunszuiunssniay (inflammatory cytokines) IumzLLaLﬁamﬁ?uﬁm’hmﬁ%mﬁsﬁ
& (limit of detection) Tuau# La'$u nivolumab (anti-PD1 antibody) ¥ 1% lu wunas
WasuuUasweseules CYPs 17 Fansenumsanwidiliennazudmaiutnvesenly
nau ICls sian1suanseanvasoulesl CYPs o

Faduluns@nund elifngussasdfiasfnudemavoseilungy ICls 1 viafo
Pembrolizumab (anti-PD1) finszdumsaislelalataneadidiadenvnviaiundeaiion
Guawu‘mf (human peripheral blood mononuclear cells; PBMCs) A9n15LaAI09N Y04
woulasl OYPs Tuwadiuuyudimneiaes dsoyaninnisfnunadsd andudoyadestuiame
Tngdouyandunaumaniueaeings ICls enavdaasonsiindunsizondodaeeiiou «

alsulugdaele

1.2 Inquszasn

ANAUUIURYHEA Immune checkpoint

q

AnwInaMLNFUNaMmAnTYeIINgUNY

Y

Y

inhibitors siateulasilalalasy i 450 luiwaddumiziaesvesuyue

1.3 NFAULUIAMUAANITIVY

Y] ]

waduzisdanuaimsatunistesduliligdduduvessianeliumansigaduess
10815152/ U2 VY Immune checkpoint ¥l sguun T A uduviiaulyld 4 9en
Pembrolizumab (PD-1 inhibitors) 9g LU 91190157 UA UTENI 19 immune checkpoint
vuiwaauzise AU T cells vhlanuanunsalunisiansisaduziiees T cells ndufun
wazlalalavadinsing 9 findsoonunann T cells ndsangnnszduieeieianyluiinasenis
uanseenvoneuluingulelnlasy @i 450 Tuwadsumyudnzdedd

feidlunmsfinuivednmsiheaddadonuvisiuedeaievesnyud (PBMCs)
WU ueweuRved Pembrolizurnab @18y anti- PD-1 antibody luanmeiifwaddidnig
wamspanvaslsiueda PD-L1 vunwad anduishomamsidssdladldannsy
g1uauAUaA Pembrolizumab fulgad PBMCs muufuadiumizid sesveanyuevin

HepG2 ud3@nner mRNA edasigimusinateulesd CYPs uragasin



Tcell

Pembrolizumab

4{ cytokines

Tumor cell

Hepatocyte

JUN 5 LanInIauLuIANUANNTIdY



UNN 2
USnAdIT5aunNssY

2.1 Programmed cell death protein 1 (PD-1)/Programmed cell death-ligand 1
(PD-L1)

Programmed cell death protein 1 (PD-1) W checkpoint protein i dudrunils
484 CD28 family Guisariunguves suppressor T-cell receptors @4aglsiuansantiodl
T cells igang10fie7 udazuanseeniiiognnszduanueudiau (antigen) uaglulaleid
(cytokines) ﬁLﬁmfmﬂm'ﬁﬂﬁzﬁu T cells uaﬂmﬂﬁ Programmed cell death protein 1
(PD-1) fauanseand B cells, monocytes was dendritic cells (DCs) B itaviuiidily

Y

NNSAIUANNTYINLYBISTUUN AN

Programmed cell death-ligand 1 (PD-L1) Junsmudmanusulnalalusiudssinnd
1 (type 1 transmembrane glycoprotein) 483 B7 ligand family &sliifieausifinisuansoan
U T cells uaz B cells ignnszdu widauanseanuy non-hematopoietic cells nsiae
Tngvimiiilunismuaunsyimfives T cells lu dendritic cells (DCs) wag antigen-
presenting cells (APCs) e T cells agviniinfilunisansivadusiselusianisuaziany
wadivaniu uwiilowaduziGeaunsnansy PD-1 uu T cells 1§ waduziSaiuazadns PD-LL
LT unaziinnssuiusEnane PD-1 uar PD-LT §oilek T cell-mediated immune
surveillance anas dwallilifinUAsemM19IANIUMAZIAIANITAEVBULARLUY apoptosis
U9 T cells Iuﬁla‘ﬂ wena Nt Sedwaliiin tumor-infiltrating CD4+/CD8+ T cells
(CD4+/CD8+ TILs) wazilugnmsanasvadlalalatisng 9 3udis tumor necrocosis factor
(TNF), IFN-Y wa Interleukin-2 (IL-2) dswaliaduzisuinnisnaundnglauiule

fatfu PD-1/PD-L1 inhibitors Swhaiiiilumsilasiunisnanisnevauase anti-
tumnor T cells dsnalit T cells Winguruwarduruludian1izuindouvessaduziss

AW T cells nauunfignslunissiefuwaduzise 10
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T-cell receptor Antigen

r

PD-1
inhibotor

9

PD-L1

-’

T-cell

'~ PD-L1 inhibitor

sUTl 6 uamansFufusEwing PD-1 fu PD-1 inhibitors way PD-L1 i PD-L1 inhibitors"™”

2.2 mssnenlaglduaufued (Antibody Therapy)

PD-1/PD-L1 inhibitors Lﬁmq'maa immune checkpoint inhibitors (ICls)

= 1<

Fuduildlumsnwmzimaiosin® gensduda PD-1/PD-L1 signaling pathway
Faderudridgnieadidnlunissnvangise viail FDA 18 $uses PD-1 inhibitors lun
Nivolumab, Pembrolizumab ey Cemiplimab ttag PD-L1 inhibitors Town Atezolizumab,
Durvalumab uwag Avelumab ieldlun1ssnvuzidaitieatuidenwazuziswiiadou PD-
1/PD-L1 inhibitors anwu1nvaeiounziss é’ugﬂmitﬁmmﬁwwzqﬂam WAYNITUNINTEINY
vosuzisluteteaziu 9 iwﬁﬂLﬁmé’mwmisamﬁﬁ%mmﬁﬂ’m wiogndlsAnnuiiasnine
PD-1/PD-L1 inhibitors fiA1a5 3307 s1uardsresinaruivlunissudud e

(%

Fedrefginmansainluissvad Faieitesiuglinuiu (immune-related adverse

Y

events) Agunse®

2.3 Pembrolizumab

Pembrolizumab + U u full-length human immunoglobulin G4 monoclonal anti-
PD-1 antibody azludnua1a PD-1 pathway Ingludufiu PD-1 receptor fiuantoanuuiie
Wawadues T-cells ylfiAansUasundamaadsyinen damaroufisomeniduiuuas
Angs d1ueadugii (anti-tumor effects) ¥l T-cells ndvunfunuamlunisvinane

WaduzSa9nATI )
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2.3.1 Yausldvas Pembrolizumab

1. Melanoma
Non-Small Cell Lung Cancer (NSCLC)
Head and neck Squamous Cell Cancer (HNSCC)
Classical Hodgkin Lymphoma (cHL)
Primary Mediastinal Large B-cell Lymphoma (PMBCL)
Urothelial Carcinoma

Microsatellite Instability-High or Mismatch Repair Deficient Cancer

o N o AR WD

Microsatellite Instability-High or Mismatch Repair Deficient
Colorectal Cancer (CRC)

9. Gastric Cancer

10. Esophageal Cancer

11. Cervical Camcer

12. Hepatocellular Carcinoma (HCC)

13. Merkel Cell Carcinoma (MCQ)

14. Renal Cell Carcinoma (RCQ)

15. Endometrial Carcinoma

16. Tumor Mutational Burden-High (TMB-H) Cancer
17. Cutaneous Squamous Cell Carcinoma (cSCC)

18. Triple-Negative Breast Cancer (TNBC)

2.3.2 pruantfmunduwasans (Pharmacodynamics)

INBUVVTIADIANFNNUS T2 199U A UUTEANS nnnazAuUannde
(dose/exposure efficacy and safety relationships) wudwsﬁayjaéfmmé’maumam%ﬁé’qmm
19910 interim analysis ¥8457 10U melanoma 31U 41 Au § 9in135nwe 2887
Pembrolizumab 400 mg n 6 &Uai WewTeuiisudunislaiuen Pembrolizumab 200

me/kg 10 3 dUam wuindienuwnndnvegeliivudAgynieedtn vislusulseansainuas

ANUUaDANY

2.3.3 pauauUAnIandvaaua1ans (Pharmacokinetics)
luns@nwinundvaaumaniazlinisinseiseaudssvinslagnissiusiudeyan

MY L%’m%uﬁuaammﬂ;ﬁﬂaamﬁﬁwmu 2,993 AU Y9ln5U Pembrolizumab AYURE1RLA 1-
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10 mg/kg M 2 dUAA, 2-10 mg/kg Mn 3 §UAM, 138 200 mg VN 3 dUam Lﬁ'aiﬁmé?mﬂ
3 §Uai AdutuLes Pembrolizumab asdssziuennsii (steady state) Wiovairiuly
16 dUaindeannlieuaviinisazanenlunsruaiden (systemic accumulation) 1y 2.1
VR e?m%’umwmﬁm’fusuaamﬁswﬁ’uqqqm (Cmax), mmﬁu%mmmﬁiwﬁ’w‘l’ﬁqm (Cmin)
wesfiuildnsenuduiussymineududureselunanaunfunatiianiizasit (AUCss)

Y84 pembrolizumab A iNAUMNEREIUYRUUINETIALUYIG 2-10 me/kg Mn 3 dUAM

2.3.4 ﬂ']'iﬂiz’\']'lflgl’?"uaﬂﬂ'] (Distribution)
geometric mean value (CV%) d@wsudiuininszansda (volume of distribution)

fiannzasd (steady state) Ao 6.0 &nT (20%)

2.3.5 N1599A8198n31N319118 (Elimination)

Pembrolizumab clearance (CV%) Wioszsuenaadi (steady state) JusasUIzu
23% Fatiornimdannlieasasn [geometric mean, 195 mL/day (40%) vs 252 mL/day
(37%)] mﬁamawmmﬂﬁ@mﬁ’unmﬁ?uhiﬁmmﬁwﬁ’ggmméﬁﬂimaﬁﬁhﬂ?ﬁ% (t,,) Ao 22
1 (32%)

2.3.6 2115 NIUsZEIAINNTSIY Pembrolizumab

91n15lu ReUszasda1nn1514 Pembrolizumab 7 wuldvey (@ 51891un15170
220% v Uaw) lawA soulnds, U’JﬁLﬁlaﬁJﬂéj’mLf}l’e‘]LLazﬂizaﬂ, iy, woude, 914 1o,
ANUBLINDIMNTANRY, AU, MElId1UIN, NBIKN, UIRATias, pauld war Azndosgadluy

Insoun @

2.4 Interleukins (ILs) uag Interferon-gamma (IFN-Y)

2.4.1 Interleukin-2 (IL-2)

Interleukins (ILs) \O0ulalalay (cytokines) ﬁlqjﬂaéjw"ﬁyuiﬂa T lymphocytes
T i iAnn1swauILazn1suU saes T cells, B cells wag hematopoietic cells
n135nwlaen1sld IL-2 waadliiufawanisiugdduiunaleguuuy saudansnsedu
cellular immunity uazn1sadnslalalailsieg Recombinant IL-2 wnegnldsnwuziSesses
anau un el venantsnddnluuinii sadunaves IL-2 we CYP metabolism

weg1alsAnunisly High-dose IL-2 lulUrsuziSadunandiiu Gan1suanieanvas
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CYP1A2, CYP2C, CYP2E1 way CYP3A4 ﬁamawﬁzmm 40-60% 53UV CYPLA2 wa
CYP3A4 fin13viauanad 62 waz 50% auainu aedunsld IL-2 ludUlsuzisfeena

nelminufAzensenienianudAgyneadtinla?

2.4.2 Interferon-gamma (IFN-Y)

Ju IFN ﬁjﬁmﬁmﬁa%ﬂu IFN Uszenndl 2 Tnelaseadnaazunnsnenin IFNs Ussnndl
1 (IFN- subtypes (14-20), IFN-B, IFN-W waz IFN-T) waz3uf da5ua 19y IFN-Y
Jundnwadwaneaiia wu CD4+ T helper cell type 1 (Th1) lymphocytes, CD8+
cytotoxic lymphocytes, NK cells, B cells, NKT cells, professional antigen-presenting

cells (APCs) e IFN-Y fia%19a7n professional APCs [monocyte/macrophage, dendritic

' 1

=

cells (DCs)] Huazdlgnsianiz Fadlaudrdginesniu nMsnsedudiesvaead (cell self-
activation) WagnN1INTLH ULYAAVIWALY UBNAINT IFN-Y N6 93710 NK cells way

professional APCs UuazdlmudAgsoani1sfiun1saniteveslaanlugasnsn Tuaei T

Y]

lymphocytes asnaneiluuvasdndgues IFN-y lunisnevauesveiAuiuwuudme

q

(adaptive immune response) %%

uenaniinsAnvuigaturaveddalaladsenisuanseanveslelnlasy # 450
Fovinlumadiuvosyed laglfineaaiiinnisiudelalaledviaig q wagdaniazinm
CYP mRNAs Tng Real Time Reverse Transcriptase- PCR (RT-PCR) 8nvia¥nszaulusiu
P450 e35n15 Western Blotting uagaInHaN1sANWIMUI waddudilasunisussae IFN-y
Ju aunsaann1suantean CYP mRNAs weq CYP2C8 ldagefidadity Snviadaannis

waneen CYP mRNAs 989 CYP3A4 tag CYP2B6 uananilganuln IFN-Ya1u1s0annns

waneanuadlusiy CYP2C9 vawtheld wieannissnw 24 3lua

Tuduveslusiu CYP3AG Yunudn IFN-Y finaanseiunsuanionnas wulietu
Snvalusiu CYP2B6 tudlewadlddunisua Tng IFN-Y fnuindsziuiianauiletail 24
Fluanay 40 Hrluandsldsunisua@

1NN19918971UYBY Donato et al (1997) ﬁJUWU’JI’] IFN-Y @7131150a0015Y1197U% 84
CYP1A2, CYP2A6, CYP2B6 way CYP3A4 lulwadfuvotuyue 5N 9anNTUARNIDDNTDS
MRNA waglusiuves CYP1A2 uaz CYP3AG Wuieniu Fwasinaidunaveslunineenles

(NO) Bawdlemirlag IFN-Y (NO-dependent) 2
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2.5 oulygdlelnlasu W 450 (Cytochrome P450)

oulaillalalasu W 450 (Cytochrome P450) vJugiuosuniia (superfamily)
1938u1UsAY (hemeproteins) vt lunisiwunuedduenlu phase | reactions
F9UszneudieUfAsereandiatu (oxidation), UiATualelaslada (hydrolysis)
wazUAsen3AnTu (reduction) Insdruluaiouluillalalasy W 450 (Cytochrome P450)
wagusnussweulanaifa (endoplasmic reticulum) veswadiulaziwadLdoy A

wulesilalalasu # 450 (Cytochrome PA50) Sanudndaudenisaneiertueinis
laifisuszasd arnnslden Madmansallafisuszasdaneenaneliineuduthsuasns
FoTin Tnoluuyudiidud Cvp fanun 18 families Feilifing 8 toulesidioglu subfamilies
CYP1, CYP2 uag CYP3 finauauad donsiunuadduyesdsulanUasuniguansnenie
(xenobiotic) wagen lauwn CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6,
waz CYP3AA/5%0 Tmadneenaen, CYPs flalunts wunveadusuareinishlfisussaidann

ASlgeRaLandlun1s1en 3

AN519N 3 wanasagnaen, wulasl CYPs Alalunisunuedduentazenishiiausyasnrann

A5laen (25-43)

Other CYP
Metabolic
Enzymes
Substrate of Pathway(s) Adverse Drug
Drug Class Involved in
CYP1A2 Catalyzed by Reaction
overall
CYP1A2
Metabolism
tachycardia,
headache,
N-
insomnia,
demethylation, [ CYP2EL,
Theophylline Bronchodilator seizure,
and 4’- and 5- [ CYP3A4
nausea,
hydroxylation
vomiting,
tremor
hepatoxicity,
Muscle
Tizanidine - - hypotension,
relaxant
sedation,
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withdrawal

syndrome

Propranolol

B—blocker

N-
deisopropylatio

n

CYP2D6

bradyarrhythmi
as,
bronchospasm,
faticue,
insomnia,
potentiation/m
asking of

hypoglycemia

R-warfarin

Oral

anticoagulant

6-,7-, and 8-
Hydroxylation

CYP3A4

major
hemorrhage,
purple-toe
syndrome,

hepatitis

Substrate of
CYP2CS8

Drug Class

Metabolic
Pathway(s)
Catalyzed by
CYP2C8

Other CYP
Enzymes
Involved in
overall

Metabolism

Adverse Drug

Reaction

Paclitaxel

(taxol)

Anticancer,

taxane

60l-
hydroxylation

CYP3A4

alopecia,
nausea,
vomiting,
diarrhea,
anemia, easy
bruising/bleedi
ng, confusion,

seizures

Pioglitazone

Antidiabetic,

PPAR- Y agonist

hydroxylation

CYP3A4/5,
CYP1Al

edema,

hyposglycemia,
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upper
respiratory

tract infection

nausea,
CYP3A4, -
vomiting,
(CYP1AZ, epithelial
Amiodarone Antiarrhythmic [ N-deethylation | cyp2c19
’ keratopathy,
CYP2D6)
pulmonary
toxicity
ECG changes,
hypotension,
, severe
~ - CYP3A4/5,
Chloroquine Antimalarial Lo ey hyposglycemia,
(CYP2D6)
diarrhea,
nausea,
vomiting
Other CYP
Metabolic
Enzymes
Substrate of Pathway(s) Adverse Drug
Drug Class Involved in
CYP3A4 Catalyzed by Reaction
overall
CYP3A4
Metabolism
atrial
fibrillation,
abdominal
HMG-CoA pain,
6-B- CYP3AS5,
Simvastatin reductase bronchitis,
hydroxylation CYP2C8
inhibitors upper

respiratory
infection,

headache
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Atorvastatin

HMG-CoA
reductase

inhibitors

O-
hydroxylation
and P-

hydroxylation

CYP3A5

diarrhea,
arthralgia,
nasopharyngitis

, myalgia

Docetaxel

Anticancer,

taxane

hydroxylation

CYP3A5

alopecia,
dermatological
reaction, fluid
retention,
nausea,
diarrhea, nail

disease

Tacrolimus

Immunosuppre

ssive agents

O-
demethylation

CYP3A5

cardiac
arrhythmia,
edema,
flushing,
dermatitis,
Cushing's
syndrome,
urinary

retention

Morphine

Opioid agonist

N-

demethylation

CYP3A5

constipation,
nausea,
drowsiness,
dizziness,

anxiety

Carbamazepine

Anticonvulsant

10,11-

epoxidation

CYP3A5,
CYP2C8

blood
dyscrasia,
cardiac effects
(cardiac failure,
sinus

tachycardia),
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hepatoxicity,
hyponatremia,
Neuropsychiatri
c effects
(ataxia,
dizziness,

drowsiness),

nausea,
vomiting
Other CYP
Metabolic
Enzymes
Substrate of Pathway(s) Adverse Drug
Drug Class Involved in
CYP2C9 Catalyzed by Reaction
overall
CYP2C9
Metabolism
major
hemorrhage,
Vitamin K S-warfarin 7-
S-warfarin CYP4F2 purple-toe
antagonist hydroxylation
syndrome,
hepatitis
q-
Diclofenac NSAIDs - Edema, Nausea
hydroxylation
Disulfiram-like
4- reaction,
Tolbutamide Antidiabetes CYP2C19
hydroxylation headache,
hypoglycemia
Other CYP
Metabolic
Enzymes
Substrate of Pathway(s) Adverse Drug
Drug Class Involved in
CYP2C19 Catalyzed by Reaction
overall

CYP2C19

Metabolism
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respiratory
system
Proton-pump disorder,
Omeprazole inhibitor 5-hydroxylation | 3A4/5
headache,
abdominal
pain, diarrhea
agranulocytosis
S-mephenytoin ,
_ Anticonvulsant | granulocytopen
Phenytoin aq'- -
ia, confusion,
hydroxylation
dizziness,
headache
hemorrhagic
2-0X0- CYP3A4/5,
P2Y12 Platelet stroke,
Clopidogrel clopidogrel CYP2B6,
Inhibitor intracranial
formation CYP1A2
hemorrhage

2.6 Immune-related adverse events (irAEs)

lutagUuiinisldenlunqu Immune checkpoint inhibitors (ICls) 11n8 U

AEINALANUDINTS BIRIUSLAIAINEININANININTY 198DINTMIRaUSEaIARNUUBERINNNS

T8 Tunquil Ao irAEs § i urauiainn1sv ssuun e uduaess19niegnnssdu

1ANUI1TEVURINES (Dermatologic system), S3UUE0891MT (Gastrointestinal system),

szuusoulsvie (Endocrine system) wag syuuniaidunigla (pulmonary system)

Juszuveiviglusianmeiiinisiinues irAEs Ueeiga visinuinssuuiilauagnasndeon

(Cardiovascular system) dn151iAv04 irAEs Uaelsil 8n51N13A8geign

VHALTURTIVDINITAR IrAEs aunsausliulagly National Cancer Institute’s

Common Terminology Criteria for Adverse Events (CTCAE) @1nsauudla 5 sgau

AILAAIIUATSIN 4
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M13197 4 WARITEAUAIUTUTIVOINITHIA IAES Y

Severity Symptoms
Grade 1 Asymptomatic/mild
Grade 2 Moderate
Grade 3 Severe
Grade 4 Life-threatening
Grade 5 Death

2.6.1 nalan1siin Immune-related adverse events (irAEs)

nalnnsifin irAEs duddluuude uadanufgiude aannislderlungy ICIs
%aiﬂsumuamqamaﬁquﬁﬁuﬁu (immunologic homeostasis) Wazan T-cell tolerance
uenaNd ICls Swanusaiiiuseuaslaweunued (autoantibodies) uazlalalmifiieados
AunsenLEu (inflammatory cytokines) Lol fatu ICls Seanansasunaunalnnsdlefiunuies
(self-protect system) l¢ faeimauafinaiundradiudailyt irAEs fidnuneiindoads

mulsagiAuiurinatenules (autoimmune diseases)®

9

AN 5 LARSSTUUadENg, 81015 WaYITerafiaLaEnIe1nis Y

dry mouth

mucositis
rash

-, - pruritus
NHOIEUURINTIY . Fowd e wwe
vitiligo finsinguusinanvasainlasuenlu
(Dermatologic . .
Stevens-Johnson nau ICls Uszanad 3-6 dUau

toxicities)
syndrome (SJS)

Bullous Pemphigoid (BP)
Drug Reaction with

Eosinophilia and
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Systemic Symptoms
(DRESS)

Acute Generalized
Exanthematous
Pustulosis (AGEP)
Dermatomyositis (DM)

AMzvisudLazanldsniau

finvgifindunasainnssuelungy

diarrhea ICls 5-10 dUa9
- . colitis LFog19l5ANNINUINASIDINITAINAE
NYADITUVLDEDINNT > 3 )
_ _ gastritis 1NIAARTUNSIN A STULIATILTN
(Gastrointestinal _. .
. enteritis Y399712NATUNAINN MR LULA?
toxicities) /, i
hepatitis (delayed toxicity) gnsusiudnLau
pancreatitis (hepatitis) fnagiindulu 6-14
#UANINAIN RS UEIATILS A
AdsEgIUTDIIANITANNEINTDY
hypophysitis adufie (thyroid toxicity)
- vy hypothyroidism 1inAzAntu nasnlasusnely 3
Nynaszuusaulsve
hyperthyroidism Ghy

(Endocrine toxicities)

Graves’ disease

hypoparathyroidism

LA UUNNSEDINISAINANEILISOLARA

Fulpnasanugneluue

NEMDITTUUNMBAUMETD

(Pulmonary toxicities)

pneumonitis
sarcoidosis
pleural effusion

reactive airway disease

sreznazufionnsAoudainan
g
Tnge1aazisuiifivsoszuumaiune
T3 (pulmonary toxicities)
wanBue ey luauds 19 Weu
TngernsusnSufinudesomelad

U1n (dyspnea)
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NIDN1MENTDWNTLAU (hypoxia)

LEAIANNLAL

NEADITZUUINILALALNAD
ALaen (Cardiovascular

toxicities)

myocarditis

pericarditis

m:ﬁ’ﬁagm%ﬂnmﬁ%lﬁmﬂé’mvﬁaﬁa
Tagniau (myocarditis) Ao 34
Sundsnizuen ICls
Imaﬁauimjmmsé’qﬂa'nﬁmﬁmsﬁwé’

W3uennelu 3 hou




unil 3
5AUUNITIY
3.1 3ULUUNNSAY
Huiisedmeans (Experimental Research) Tnevihnisnaaashumadsumizsiaes
VYDA
3.2 gUnsal o1 uazansiadinld

3.2.1 gunsalitldlunside
- serological pipette
- pipette tips
- 96-well plate
- plastic tubes
- 9 ELISA kits (ELISA MAX, BioLegand, San Dieago, CA, USA)
309 Realtime-polymerase chainreaction (CFX96, Bio-RadLaboratory Inc.)
- centrifuge tube
- centrifuge tube rack
- foambox
- microcentrifugetube
- micropipette
- micropipette tips
-~ \p3eq Centrifuge
3.2.2 gitldlun1side
- gOURUDA Pembrolizumab (Keytruda®) Faduwia fully humanized
immunoglobulin (Ig) G4-kappa monoclonal antibody ¢ PD-1 (anti-
PD-1)
3.2.3 gaadildlun1side
_ 9nsiisaad
- 1j11 PCR
- Primers

- Trizol



3.3 NHUNITNARDY

3.3.1n15AnwINavesssan1saselelalatluwasidaidaav1iviin

HaARYaLAE IV IUYEE

3.3.1.1 N198379 IFNY

!
1l

nauflifinsuanseonueslusiu PD-L1 (CHO wild type)

q
nauiin1suanieanvaslusiy PD-L1
nauAtnIswanteanvadlusiy PD-L1 wazlasugiueaufven

Pembrolizumab 20 lulasnsuseiiadans
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naundnisuandeonvoslusdu PD-L1 wazlasusuauduad

Pembrolizumab 200 lulasnsuseladans

3.3.1.2 N158579 IL-2

nauilaidinisuanseenvedlusiu PD-L1 (CHO wild type)
nauiimsuanioonvedlUsiu PD-L1
q

naNNTINISLanIeanUadlusAu PD-L1 wazlasusuouiuan

Pembrolizumab 20 lulasnsuseiiadans

nauiinswanseanvadlusiu PD-L1 wazlasueueudved

a

Pembrolizumab 200 lulasnsusiafiadans

3.3.2 MsAnwNavaslglnlatdsaniswansaanvasaulyilalalasy W

450 TuYaaAUuNISIAEI BN EE

3.3.2.1 NSANWINAlAYATIVDIBLBURUDA pembrolizumab

AINISHEANIDINVYDY CYPs mRNA

nauAUAx A naudilailiiuela o

nauTile¥uguouAUef pembrolizumab 20 lalasn3udediadans
naufilasusueuAUef pembrolizumab 200 lslasn3usediadans
nauildsueimioniliAnnsuanoendianasuaaoulesl
CYPusaziln
nauiildsuenudeniliAnmsuanseonfifisduvesioules]

CYPumazsin
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3.3.2.2 N1SANWINAYI9IMISINIZLAgNdulda1n PBMCs Nlasu
Pembrolizumab #an15ianiaanyad CYPs mRNA luiwad
HepG2

nauAIuRw Ao naulilasueile 9

naufilé¥uguouduef pembrolizumab 20 lalasn3udefiadans
- nauitldFueueuiued pembrolizumab 200 lulasn3usediadans
- naudildFu IFNY Aianududu 10 uilunSusefiadansg
- nauiileFy IL-2 Amnudutu 10 wlunfusediadang
- nguildueiivilenhlfiAnnsuansoeniianasoseuls]
CYPusiayyiln
- nquilléSunfiwieniliAansuanseoniifiuturesoules
CYPusiayyiln
3.4 JunUNTIdY
3.4.1n15fnwnavasedanisadislelalatluwaddadanvidviia
HapAeaAg VRN BE
guouAUaR Pembrolizumab fidearsluewnsidsssadeiia RPMI finanuidudu
#9 9 danvufugadifiadenvnviadusdsaisvesnwdiiuoninaneaaiasgunmg
(human peripheral blood mononuclear cells; PBMCs) Tuanefifiwadiifinisuansoan
voelusAusida PD-L1 vuuALwaa laun Chinese hamster ovary cell line (CHO)

[

figniauvaslitinsuanseenveslusiiu PD-L1 (CHO-PDL1) figaumndl 37 ssrniwaldea uaz
5% a1suaulaeanled vuiduiiar 24 2lus 1 easuiaanii cell suspension
TWumisaiioiudiula Tnethdwlaunieszivsunalglnladiemain enzyme-linked
immunosorbent assay (ELISA; Biolegend) Lile3tAs1eviviUTunns IFNY uag IL2 2
cytokines Ju 9

3.4.2 msAnwnaveslulalavnanisuansasnvasouludlalalasy W

450 TugadFuINIEIRBIUBIUYYE

thomswngidesdndlaiildannisvueueufivedfuwad PBMCs invuifuigadsu
LA ssveuyed wiin HepG2 fignmgd 37 osanwaifoa war 5%arsvoulaoanlsd
Hunan 24 Halus ifleasuina tiwad HepG2 usdaznguluiasyfunisuanseanvosioulesl

CYP unazatnmeimaila real time Polymerase chain reaction (PCR)
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vn1sana total mRNA Tagudeas HepG2 waagnauuianianlguien Trizol
wazyRain mRNA (Qiagen) 11 mRNA 7ilaluhufsesie wagiasizviniewnsed real time
PCR lagtflguseninang U basusuaufuafnunguaiuauiiuiizay wasiuseuay

AUNGUAIVANUINTIUTENBUAIY human recombinant IFNY %38 IL2 Nagatgluainis

WANELA

3.5 adnuazn1sATEidaya

n1saAsIziveyasie o lagldlusunsy IBM SPSS software, version 22.0 (SPSS.
Co., Ltd, Bangkok, Thailand) lngnag@auanuunnf1an1eadiiseninnguaien1siaTen
WUU one-way analysis of variance (ANOVA) kagilSeuifleuAnadeniendanisaaeusiy
Tneld Bonferroni post hoc test Wafilun1s@nwmavesesonisadralelnlaluisadisia
Hanynvtindandeaieivesuyudninuaal P<0.01 waglunmsanwinavedlalalasionis
wansoonvesoulusflalalasy W 450 luwadduinizid sswesuywdfvunan P<0.05

L%

AallAmuLAnNANINURE9TUY A UNIEDRA

o



uni 4

NANISILATIZATIUA

v

4.1ua3AsziUsun1sadelalnladluwaddiadanviiviadinayainelvs

SEON

[iognaYeIBUBUAUBA Pembrolizumab senisaiislalnlaululwadngs PBMCs
Tuanmefidssuiueadfidnisuanseanveslsiiu PD-L1 fio CHO-PDL1 wuiilunga
uaudslalld¥ueueufived Pembrolizumab 1 asdiszduveslalala win IFNY wag IL-
2 Tusedush Wawfteufunguiivafuimadilifiusiu PD-L1 (CHO wild type) wansloiiiugi

TUsAu PD-L1 fioguuiinwadazannsoduiulusiu PD-1 vu T cells Tu PBMCs 1¢ dana

a

ianisnanisasalelalad (5UA 7 uazgun 8) wasillelieuaufiuen Pembrolizumab

AR 20 waz 200 lulasnSudaliadans WuIeIsaNaaIuIIaiusEAUYeINISESNa
lalalaidaiisudunguilulasuenliegnsddodidyn9ads (P value = 0.002, <0.01

AINEIRU) AedueeuAvea Pembrolizumab deatunsafl uynisaselalalad

' v
d LY Y

Tngluilunisvieees T cells figndudsannnaln PD-1/PD-L1 dewalvdiseduvas IFNY

Y

WAy 1L-2 LsEedu

IFNy production
6000 e

- 5000 P
£
?‘ 4000
2
< 3000
>
Q
- I
=2
o

0

CHO-TCR (noPD-L1)  CHO-PDL1/TCR 20 pg/mL Pem 200 pg/mL Pem

a

JUN 7 wavesen pembrolizumab f1Anududu 20 way 200 lulasniudedadansdanisas
IFNY 910 human PBMCs wiatasssiuiuieas CHO-PDL1 dgyanual * Lansfiannuuansiig

ogsiifddqilaiisuiunguaiunu (CHO-PDL1/TCR) 71 P <0.01
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IL-2 production

3500

g

2500 |
2000
1500

1000

IL-2 level (pg/mL)

g

CHO-TCR (no PD-L1) CHO-PDL1/TCR 20 ug/mL Pem 200 pg/mL Pem

35U 8 wawesen pembrolizumab M1AduTY 20 way 200 lulasniudedadanssanisasa
IL-2 210 human PBMCs Lilaldgesaunuleas CHO-PDL1 dyanwual * Wansfianauuanaig

pgeiitadAy mesmﬂmammmm (CHO-PDL1/TCR) ‘Vl P <0.01

4.2 naveslalaladsanisuanseanvasouluiilalalasu W 450
SLULGUaaGIULWq"LﬂEN?IENSJU‘lE}EJ

i 09 wanaslalal iR T cells nd9nld Tusuaudved
pembrolizumab Aonisuansoanvaseulysl lelnlasu A 450 Iuwaammwumawamuwa
Tngthemsinziaesainlaildunain PBMCs tnuufuwadsiu HepG2 WWuan 24 s
wasu1lunInIsuEnsennu095Eam U MRNA figinad A real-time PCR
wuTewnszdssdulaainnauiildsu Pembrolizumab fiansidudusis 20 wag 200
laulasnSureliaddng dnaann1suanieanaaeseau mRNA vesoulysl CYP1A2, CYP2C8 way
Cyp3ad Idegiivddymeadfdedisuiunguniugu (P value < 0.05) luvaizdisedu
mMRNA aasiouleyl CYP2C9 way CYP2C19 uu:umﬁl:daauuﬂaaa&mlmuuamﬂm‘mﬂaam
(gﬂ‘m 10)
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Direct effects on CYP mRNA expression
2 u CYP1A2
» CYP2C8
»n CYP209
CYP2C19
uCYP3A4

control 20 pg/mL Pem 200 pg/mLPem  CYP exp inhibitors

gﬂﬁ 9 LANINALALNTIVDILILBURUDA pembrolizumab #ioN15UAAIDBNYBI CYPs MRNA
Tnensi1 pembrolizumab wuufuwad HepG2 uan 24 4alus warihluiasesinng
LAnIDENYBY CYPs MRNA * Lansfamiuuandsegsiifodfieisuiungueuny
(control) 1 P <0.05

Cytokine-mediated effects on CYP mRNA expression

1.2 m CYP1A2
1 »u CYP2C8
g 0.8 wCYP2C9
2 0.6 CYP2C19
°
3 04 uCYP3A4

L

0.2

no treatment 20pg/mL 200 pug/mL  10ng/mL 10ng/mLIL-2 CYPexp
Pem Pem 1FNg inhibitors

SUN 10 wanINAYDI0IMITINE4E 83d3ulav1n PBMCs 1A 35U Pembrolizumab #9013
LanI®DNTDY CYPs mRNA Tutwad HepG2 * uaastsanuuanasogsdtedAgidaiisuiu
nauAIUAY (control) 71 P <0.05
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UNN 5

aAUsEanN1sANE a3UNa uazUalauaLuL

5.1 aAUs18NANITANY

1
A v

ANSANWIU

Y v ]

nnUszasAiveRnwinansndynamanivesenguaiauiudidnvile

q
[

Immune checkpoint inhibitors sateuladlalalasy # 450 TuwadAumizideIvasuywe
¥iln HepG2 Ingaifiun1svmagounaueIuauiueaf Pembrolizumab aenisasialalalail
Tuadudinidenviviaiinfeadsivesuysy (PBMCs) uaznaasunavedlalalationis
wamspanvaseulsflelalasy 7 450 luwaddumsiismosyudviin HepG2 TaeTnszsu
nsuanseanuaueulel CYPs uaazalinnluivaila real time Polymerase chain reaction
(PCR)
5.2 d3una

NAMNANFING1U I MeUAUBA Pembrolizumab daduen anti-PD1 Iumiﬁuﬁ
mMsvhaures T cell anansathlugnmaiinnimdsvedlalalatuaeia wu IFNY way IL-2
Feomaviinadonsuanseanteeuladluwadauls warlumsdnududinewouived
Pembrolizumab 2¢liuansdwalnenssienisuansoanvenoulasd CYPs luwadiumzides
Yoy wdyln HepG2 wainuinseauvauaulysl CYP1A2, CYP2C8 uag CYP3A4 fin15anad
Siowadaula exposed dulalalayi ndsoonunain T cells A ussenadna
Wmﬁé’aﬂﬁau%ﬁméﬁiuLU?{auLLUaﬂiﬁLﬁugﬂaaﬂqmé (active form) fiUsz@nsnwanas
mﬁam‘ﬁG’Taﬂ%laulsnﬁmﬁWﬁiuﬂizmumim?{auwmmL‘TfJugﬂiﬂﬁqw‘ﬁg (inactive form)
noufiszvdneanaininnistuinnisednoonlddias demalidszdveludongetu
warveranelfiine nslyisUszasdainnsidendiinansunsisensenineend uls

AILEAILUATTIN 6
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M15199 6 uansieg e ninstiluneedtingulu substrates vauoulesl CYPs Tunyud

CYP1A2 Theophylline Reversible airflow tachycardia,
obstruction headache, insomnia
Tizanidine Spasticity hepatoxicity,
hypotension,
sedation
Ondansetron Moderately-Highly QT prolongation,
emetogenic cancer | serotonin
chemotherapy syndrome,
myocardial
ischemia
CYP2C8 Paclitaxel (taxol) Breast cancer, anemia, confusion,
NSCLC seizures
Pioglitazone Type 2 Diabetes edema,
Mellitus hypoglycemia,
Repaglinide Type 2 Diabetes hyposglycemia,
Mellitus upper respiratory
infection, headache
CYP3A4 Simvastatin Hypercholesterole | atrial fibrillation,
mia bronchitis

Carbamazepine

Prevent and control

seizures

cardiac failure, sinus

tachycardia

Aprepitant

Prevention of acute
and delayed N/V

associated with

alopecia, anorexia,

headache
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Cancer

chemotherapy

5.3 4ai1fin

desrnmsfnwiifudfissnmsfnuilueaddumizsdonosuyud uwiilelnlemid
vaseeninan T cells ndsnildsugueudved Pembrolizumab agdsnalioulal CYPs
finsuansoeniianas vezinanenadndeldsautuendu 4 viellty avdeswhnisdne
danfusioly
5.4 UalauaLUE

wiolvimsuisnanisndinueseiouiued Pembrolizumab vieendadulungs ICls
Seldsuiuendu 9 Tuiyud Fserahmsanulugtaedlssueuoudued Pembrolizumab
vidoenlungu ICls iogauduiususasziulalaliluden Aunmsuanseenveseulesi CYPs
Tuwadduiin15ia suwdases 1l Tod dynisnddnuiold w3ee19vn15Anun
Tnaiiudeyadaunds (retrospective study) 1 atfudoyavesiUaniildSuauouived
Pembrolizumab v3oelunga ICls szdueludonvesendu q My substrate vaaoulasl
CYps dufinsdsuudamield sadndneinislifsuszasdainnisldondiinanduns
A3enssarisenfiuannduviely)

uenntonravhmsdnuuiuiulagldeiadu 4 lundu I0s Afinalansdudanisdu
Twanadhwaneiuandnaiu I evlungy  PD-L1 inhibitors Ae  Atezolizumab,
Durvalumab, Avelumab, uag Cemiplimab iauﬁgﬁaﬂumju CTLA-4 inhibitors A®

Ipilimumab
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