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1. Immunology

2. Immunosuppression: drug use in transplantation

3. Clinical transplant: liver pancreas intestine and kidney transplant
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Jensen reported in 1902

finsmaaes AnwuAeafu tumor waz immunology %83 tumor U3 @wnsatiien tumor anwyly
transplant Wis3ule ( vi1lu 19 successive generation)

WuImYUeEILaE reject tumor TlvAULR (50% of mice)

M8y reject ‘Vlﬂﬂ%g\‘l fith tumor 1 transplant Tvigd (@ resistant to subsequent challenge) ag N1
101 normal tissue lalunou wazien tumor 11 transplant A9y reject 153y

\An Theory a%mmwgmsaif‘j fia Athrepsia theory (g nutrition) ws1¢ 1ald tumor Wluusng
ﬁ]ss‘?m’%zglﬁ"sdawﬁamﬂﬁ”’u Famely WetuAnannsuia a1sevns ndewn tumor Wansemsvun

fufvzaegly dudugaduduild tumor lunsfinwmdnnisises Transplantation

Medawar reported in 1943 (Nobel prize)

Wioil rejection 1ARTW s Y graft ASSA 2 390 donor LAY ALAANNT reject 159TU FaRnILARIN

Actively acquired immune reaction a1nUuiin1sAnwIBNNaIweEaWeAne transplant immunology

Owen reported in 1947

fihdndiu gns Mdu dizygotic twin dsiins share vouden in utero wIMeY NN transplant
aglaiiAn rejection (@ blood cell chimera)

15U twin agliianunsanevausdne Ag dnaula
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MlAE®31 immunologic response WWaTulunenas wazagdslinuneudu fetal life
Mendsdedungls 11 Ag Mis11aeRaus fetal life s19n18928a consider Tidu self-antigen/marker gl
N139n Ag 9 response #io Cell autosaanty tetlosiu Autoimmunity 9nUU Ag ANUNENEITI9E

fiofu non-self Ag uazaznszAu Immune response sialy
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Fig. 1 Inbred strain ¥03dn a8y

Tuefinaziinsadng Inbred strains Tasmytuan Litevhnsfnuide muauduUsiu fo 1 uy AB wkaY
g LLazﬁ’lqnmwauﬁuﬁ:ﬁmawialﬂL%"aa‘;] Uszanad 20 generations 9xnu1 taniain Homozygosity Tunne
allele 9zg1n (Same genetic made up in every loci) WW31azdl fatal gene UNNUA ﬁ%sﬁﬂﬁwﬁlﬂu
heterozygote malunmunnou

i tumor anndanialy day inbred strain fofu tumor axiaalet lsitAn rejection usismudn

capacity of graft rejection 91nweusllugiugn asmelulu F1 wavaznduin regain lu F2 generation U9y

fiila Laws of transplantation
1. Transplants within inbred strains will succeed {losand genetic made up WALpUAU
2. Transplants between inbred strains will fail losan rejection
3. Transplants from member of an inbred parental strain to an F1 offspring will succeed, but those in
the reverse direction will fail
4. Transplant from F2 and all subsequent generations to F1 animals will succeed

5. Transplant from inbred parental strains to the F2 generation will usually, but not always fail
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Major histocompatibility complex
- Highly polymorphic genes Ui short arm 4839 Chromosome Vj‘ﬁ' 6
- &% specific Ag siedaudanUasy #138n71 Human leukocyte Antigen(HLA) Ssdndudnu T cell
recognition ez T cell response
- udadu Class | leun HLA-A/B/C wuuuRawes Nucleated cell yinuila

uag Class Il leiun HLADR/DP/DQ Wudl Macrophage, B lymphocyte, dendritic cell, activated T cell

T cell
solufewungnNIsvineuees T cell IngUnAnaifsusiisningn s19n1e9sdl T cell Inauawes way recognize Ag
#199 g 107 antigens wavisraaiivnnyndadiegsenls Aagiinnis reject S1NEAUEINIEY 15713980l

NITUIUNIARLEDNTIITENTN Positive & Negative selection

T-lymphocyte development
- T cell precursors :
do not express TCR, CD3, CD4 or CD 8 -> double negative
develop into cells: CD4+ CD8+ & express low level of TCR/CD3 complex -> double positive

undergo positive and negative selection
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Fig. 2 Maturity of T-cell lymphocyte
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535117R 93 T cell aglUduAU Ag lnenss llou APCs, B cell, neutrophil lild uadewingusiuiu MHC
class | 39 Il f1U99% recognize Ag 1?‘146]
Tg T cell S1ununnunewani vnnsiuanansa bind fu MHC waz recognize Ag l# Aaynu positive
selection wagduladl recognize Tallst Aaglaising positive selection uaziile recognize anlsiudn flazg Affinity sio
MHC-Ag tuste winstu strong affinity 1l fdessensiiin Autoimmune disease ¥ane Self Ag muas T cell
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Fig. 3 An overview of T cell development in the thymus. Precursors of T-cells travel from the bone marrow

through the blood to the thymus. The progenitors of aff T-cells are double-negative (DN) T-cell. In
the thymic cortex, these cells begin express TCRs and CD4 and CD8 coreceptors. Selection process
eliminate self-reactive T-cells in the cortex at the double-positive (DP) stage and also eliminate
single-positive (SP) medullary thymocytes. They promote survival of thymocytes whose TCRs bind
self MHC molecules with low affinity. Functional and phenotypic differentiation into CD4*CD8" or
CD8*CD4 SP T cells occurs in the medulla, and mature T cells are released into the circulation.

Some DP cell differentiate into CD4*CD8 regulatory T-cell
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T-lymphocyte Ag recognition

Fig. 4

- Require presentation in association with MHC class | or Il (CD4 recognize Class Il and CD8
recognize Class I) wighwetumenil avliinsgsu T lymphocyte usvzvinliidleas (Anergy) S lusiosd
Fumew Co-stimulation 2ude
Tnglusywd dalvg) fio B7 (@ 2 fafle B7-1 uas B7-2 viodnTe fie CD 80 uaw CD 86) Teay Jug fiu

CD 28 saznsedu T cell A Proliferation sioluld

'Antigen reccrgnitiun' Teell respunse'

A Unactivated APC
(costimulator-deficient)

_r., (CD28

3 —
Maive
APC; %T cell

Nn response

or tnlerance
B APC activated by microbes,
innate immune responses:
increasad expression
of cnsﬁmulators Effector

T cells

proliferation and

T cell survival,
differentiation

Function of costimulators in T-cell activation. A, The resting APC (typically dendritic cell presenting
self antigens) expresses few or no costimulators and fails to activate naive T cells. (Antigen
recognition without costimulation may make T cells unresponsive (tolerant) B, Microbes and
cytokines produced during innate immune responses activate APCs to express costimulators, such as
B7 molecules. The APCs (usually presenting microbial antigens) then become capable of activating
naive T cells. Activated APCs also produce cytokines such as IL-12, which stimulate the differentiation

of naive T-cells into effector cells.
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Fig. 5 Mechanism of T cell costimulation by CD28. CD28 engagement includes signaling pathways that
enhance TCR signals or trigger additional signals, all of which stimulate the expression of survival
proteins, cytokines, and cytokines receptors: promote cell proliferation; and induce differentiation
toward effector and memory cell by activating various transcription factors
ﬁﬁﬂﬁ’]ﬁﬁﬁﬂﬁﬂﬂﬁ@zl'ﬂﬁﬁwd AULALT19INNT Transplant organ 1l agdl Ag 999 donor 1nnune WUl

recipient dlo APCs Furiu Ag mal’lﬁ?‘u mnsfendiun Block Co-stimulation I T cell i specific #i9 Donor Ag f‘jﬁ

agnhaneadt 1innnaz Tolerance I wsilupnanduaiasmudn Co-stimulation ﬁuaawwéﬁuﬁmma Pathways fln

11 A9 pathway ﬁwummﬁqﬂ miﬂsséju T lymph 228168 interaction 984 TCR/CD3 complex wag ligand (MHC)

funne mﬂﬁ?u%msﬁu tyrosine kinase TlAinn13a319 IL-2 1y Calcium-calcineurin pathway Hag IL-2 ffarly

nszdu Cell Bue sioBnannune 1wu T/B cell

a@5U Key control sites in T lymphocytes # 3 signals fio

1. Ag recognition

2. Co-stimulation

3. Cytokines e.g. IL-2

anufmaniifufiiesmsldentoatumaiin Rejection lnesilldussfignfio Calcineurin Lty
Prografitacrolimus) #3e Block Nuclear factor ¥84 T cell i steroids wazélsamnsa block lusumisdus wWielan

tolerance ¥u
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Fig. 6 APC and T-cell response

Lymphocyte

Termination of immune response

£% [ @
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1. CTLA4 (Cytotoxic T-lymphocyte Ag 4) %39 CD152 U1 regulatory T cell
Feazueeduiu CD 28 wlediuds Co stimulator
2. Activation-induced cell death (Fas/Fas ligand)
nsnsgeu Cell mnlimamng Aazifa Cell death 16 Fagfpannde IL-2 iasiinisvaaseduaiie IL-2 oon

PNERINAae WU dadwiantiuaranese autoimmune disease wuAazu Infection

T lymphocyte function
- Helper T cell %‘zi’s‘c’mizé:u B cell Tiu Antibody-producing cell
- iy Microbial action Wi Monocyte and Macrophage
- Direct killing of target cells
- Inhibit some immune response
- Mobilize inflammatory response
Cytotoxic T lymphocytes
- MHC class | restricted CD8+ cells
- § 2 mechanisms to kil targets laun Perforin & granzyme Way Fas/Fas ligand pathway

Tusnamensneed Fas Tu cell A9 Famngn nsedu fe Fas ligand 910 T cell flgiin Apoptosis
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B cell
B lymphocyte activation
1. Direct activation (Cross-linkage-dependent B cell stimulation)
51z @284 B cell 93] Antibody 1n1zeg) Feanunsagnnseduls uinainlsidos effective wutamzlu Ag 1
i1 repetitive epitopes withy 1wy Cell wall veq Bacteria
2. Indirect activation (Cognate T cell-B cell stimulation)
A9 B cell 11 Ag-MHC class Il complex U present 19 T cell 1iin CDA40-CD4OL binding ﬁ?ﬁ%zﬂizﬁulﬁ

effective 17110 -> 1AA proliferation and differentiation B cell -> isotype switching

Class switching and affinity maturation
First Antibody A 1gM e ntiuluswandadinswdeuly Jududinssdu 1wy 196 1gA Jusiu
dwsuluaudivia Transplantation 4&3 On immunosuppression 8¢ 813agilgynlél fi persistent of IgM

o
[

faii 399190 KA Lab Serology WU False positive of IgM 161 stwzﬁuhigmﬂﬁauaaﬂlﬂ

Pretransplant crossmatch

Aeuns¥i transplant wininan 51@ansavi crossmatch fou wisliiiuladn agliiAn rejection wulu
kidney transplant usiginlaivivlu Liver 1esanlsifinandiome uazsinsedifunie rejection 16

wann1sAe 11 cell a9 donor wHaw serum HUe Uavdaing reaction Lﬁa@dw Recipient a3l Antibody
saduifu MHC was donor 3elai(g Class | Hundn msrziiiaunn cell) Gamndl reaction Fuasiianianszsu
Complement dependent antibody cytotoxicity(CDC) 1¥1ane donor cell agn3sImss dmsy cell Aifloutiald
»529 Ao T cell Tu lymph node i groin

a3y fe 191 Serum U3e 11 incubate U T cell Tw LN udL#d complement 91ni detect Dead cell Tng
M94n Vital dye -> 138031 NIH method 3589 Wy

- Anti-human globulin-enhanced technique 14nse i Antibody Hagun ﬂizﬁu Complement lalsi#

wonsl¥3ad iy sensitivity
- Bcell enriched crossmatch technique 14 #519@8U MHC class Il f78

- Flow cytometry crossmatch technique 14 e Ab inetfesn sensitivity g4

Graft rejection
1. Hyperacute rejection onset U1,
- Antibody mediated rejection f® &I Endothelial MHC Ag + Preformed Antibody + Complement and
coagulation cascade 1n® target 7 donor vascular endothelium ¥l¥iAn Diffuse intravascular
coagulation, edema, and thrombus WaaLAn graft necrosis MN80E195IAS

- Yntuliresiiin wnifin ininain human error 1 Tidentinws



Transplantation and Immunology 9

8137915047911 Plasmapheresis + IVIG high dose tievinane preform Ab Tunew usldyuga

tasiulalag n15vi1 Pretransplant crossmatch, donor specific antibody

2. Accelerated rejection onset 2-3 TULIN

Antibody mediated rejection Wy usszdu Ab s liunweazyiane eraft Tutausn usaniaziin
AM58579 Ab AIULIAIUNAT U1 target #i vascular endothelium Winilu Fibrinoid necrosis of donor
arteriole and intravascular thrombosis 1y Tuauld Wasule 9w9) Panel reactive antibody (PRA) el
Auvinls Aenisi serum wmsaiuseninseidsln wdld cell mmsgiilunisnsan Geiod HLA
wileulu population 9ly Wa1931 positive A% aweuanAY sensitize T luvesauldlaAuUnG
Liifign laine$uiden PRA 0) f1A1ae 13endn Presensitized patient #e lan1aliin accelerated rejection

1NNIAUSTIUANNILY

3. Acute rejection onset 3-5 U 919 dUAW

WUﬂEJEJ‘ﬁEjm nalntinain T-Cell mediated rejection Wag Antibody-mediated rejection

T cell mediated A3in13 recognize MHC 983 Donor ﬂi:ﬁﬂﬁlﬁﬂ CDA+ CD8+ T cell infiltrate 11l
Tu endothelium Wag parenchymal cell 94 graft Laza3ne damage #a cell

Antibody-mediated winanSpecific Preformed Antibody ﬁﬁagj nalnifganu accelerated rejection

gildlunissnu vl fe $nwn acute rejection A high dose steroid + Ab depletion

4. Chronic rejection onset 8¢9ty 60 Ju

Non immunologic mechanism Ltu ischemia/reperfusion injury, oxidative stress, side effect of
medication, hyper filtration injury, hypertension, hyperlipidemia #snguwanil dnlinavausssonis
Iienaniidui

Immunologic mechanism nguilsindnate mechanism 53y

Immunologic tolerance

mniliAn tolerance 16 auldazauis wselideddenanliduiu way immune lusianie ¥ specific sio Ag

q

flazgn block 13

1. Central tolerance

2. Peripheral tolerance
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Immunosuppression: Drug use in transplantation

wUseonidungueneg fie

1. Corticosteroids

2. Non-biological immunosuppression
2.1 Immunophillin binders: Calcineurin inhibitors (CNI) e.g. Cyclosporine, Tacrolimus

mTOR inhibitors e.g. Rapamycin(Sirolimus), Everolimus

2.2 Anti-metabolites: Azathioprine, Mycophenolate mofetil

3. Biological immunosuppression
3.1 Monoclonal Ab: Anti-CD25, OKT3
3.2 Polyclonal Ab: Antilymphocyte globulin

4. Immunoglobulin therapy 3uﬂ: IVIG, Rituximab, Alemtuzumab

5. mguﬂgﬂ : CTLA4 g (Co-stimulation blockade), Belatacept

Corticosteroids
- Lf]umm%mmﬁﬁjmiu transplant ﬁ'nmi induction, maintenance, treatment of rejection WU A5
pulse steroids
- Block NF-kB -> Reduce cytokine production & adhesion molecule expression
- Inhibit macrophage function & Induce lymphocyte apoptosis kalidinaiun13a3ne Antibody
- 98ldy Ao Long term side effect 10 11 Osteoporosis, avascular necrosis, hyperlipidemia, DM,
HT, peptic ulcer, delayed wound healing Iﬂaqmﬁwﬁﬂ \@eTIman Cardiovascular disease
Cyclosporine (CsA)
- Jueiiddunlueiin sz an rate of rejection Wunds 50% Tuefn
- §ufiu cyclophilin e Inhibit Calcineurin pathway LAa no NF-AT activation Lﬁauqmﬂﬁa%’ﬁq IL-2
- Metabolize Ing P450 enzyme (CYP 3A4) finnudndey Ao seduenfiunnly auld sepsis ane Tidosly
\fin graft rejection ¢ fvifu szdfugnFaswad fins monitor sduen Tusfnazy trough level (A1sam)
Tuthagtiufienld C2 monitor (seduendt 2 wa.) FaduseTenslieeag oral ATBs 1y FQs, 81 TB Lty
Rifampicin, &1 udn 19U Phenytoin, Antifungal drug 1w azole \UuAu
- Side effect: nephrotoxicity, HT, neurotoxicity, gingival hyperplasia, hirsutism
Tacrolimus (Prograf®, FK506)
-~ Husheniiiunu CsA dausd 1995 aanqwéﬂu CNI widlouriu
- JUnU FK-binding protein Wi® inhibit Calcineurin pathway ¥11l# prevent transcription of IL-2 gene
- Side effect wilouriu CsA ualdvinliiin gingival hyperplasia, hirsutism
- Metabolize 78 P450 enzyme (CYP 3A4) 11Uy

- §nen effective N1 CsA 50-100 Wi WU rate of acute rejection $Mn31 wARS S/E dnAnInduiy
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Azathioprine
- ghilianldluud
- g0 metabolize 7istu Tae 6-MP (Mercaptopurine) Y1l Inhibit purine synthesis fudfs DNA synthesis
- Side effect: myelosuppression, megaloblastic anemia, hepatotoxicity, pancreatitis
Mycophenolate mofetil
- Ju ester derivative ¥83 mycophenolic acid (MPA) inhibit IMPDH (inosine MP dehydrogenase) G
AIUANNITAIN guanosine monophosphate 34 block 115319 purine Fal4lu DNA synthesis
- s proliferation of T and B lymphocyte
- Side effect: myelosuppression and Gl symptoms: diarrhea
Rapamycin
- quiiu FK-BP 1uiu uslifinase calcineurin pathways
- Bind and inhibit TOR (target of rapamycin) -> impaired signal transduction by IL-2 receptor wag
g Cell cycle Tugae G1 phase

- Side effect: thrombocytopenia, dyslipidemia, impaired wound healing and pneumonitis

"‘(Slgv:‘ﬂ 2 :

Signal 1

Anti-CD3
mAb

Cyclosporine,
Tacrolimus

Fig. 7 Molecular mechanism of immunosuppressive drugs
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Table 1 Human liver P450s (CYPs), and some of the drugs metabolized (substrates), inducers, and selective

inhibitors

CYp

Substrates

Inducers

Inhibitors

3A4

Immunosuppressants

Cyclosporin, tacrolimus, sirolimus
Chemotherapeutics

Docetaxel, tamoxifen, paclitaxel,
cyclophosphamide, doxorubicin, erlotinib,
etoposide, ifosfamide, teniposide, vinblastine,
vincristing, vindesine, imatinib, irinotecan,
sorafenib, sunitinib, vemurafenib, temsirolimus,
anastrozole, gefitinib

Azole antifungals

Ketoconazole, itraconazole

Macrolides

Clarithromycin, erythromycin, telithromycin,
dapsone

Tricyclic antidepressants

Amitriptyline, clomipramine, imipramine,
cyclobenzaprine

SSRIs

Citalopram, norfluoxetine, sertraline

Other antidepressants

Mirtazapine, nefazodone (NaSSA), reboxetine,
venlafaxine, trazodone, vilazodone
Antipsychotics

Haloperidol, aripiprazole, risperidone,
Ziprasidone, pimozide, quetiapine

Opioids

Alfentanil, buprenorphine, codeine, fentanyl,
hydrocodone, methadone, levacetylmethadol,

tramadol

Strong potency

® Antiandrogens
Enzalutamide

Unspecified potency

® Anticonvulsants, mood
stabilizers
Carbamazepine,
phenytoin, oxcarbazepine,
topiramate

® Barbiturates
Phenobarbital, butalbital

® Bactericidals
Rifampicin, rifabutin

® Non-nucleoside reverse
transcriptase inhibitors
Efavirenz, nevirapine

® Hypoglycemics
Pioglitazone, troglitazone

® Glucocorticoids

®  Modafinil

® Quercetin

® capsaicin

Strong potency

® Protease inhibitors
Ritonavir, indinavir,
nelfinavir, saquinavir

® Macrolide antibiotics
Clarithromycin,

telithromycin
® Chloramphenicol

® Azole antifungals
Ketoconazole,
itraconazole,
posaconazole,

voriconazole
® Nefazodone

® (obicistat

Moderate

® Amiodarone

® Aprepitant

® Calcium channel blockers
Verapamil, diltiazem

® Macrolide antibiotics
erythromycin

® Azole antifungals
Fluconazole

® (imetidine

® (iprofloxacin

® (yclosporine

® Donedarone
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https://en.wikipedia.org/wiki/Clarithromycin
https://en.wikipedia.org/wiki/Telithromycin
https://en.wikipedia.org/wiki/Chloramphenicol
https://en.wikipedia.org/wiki/Azole_antifungal
https://en.wikipedia.org/wiki/Ketoconazole
https://en.wikipedia.org/wiki/Itraconazole
https://en.wikipedia.org/wiki/Posaconazole
https://en.wikipedia.org/wiki/Voriconazole
https://en.wikipedia.org/wiki/Nefazodone
https://en.wikipedia.org/wiki/Cobicistat
https://en.wikipedia.org/wiki/Anticonvulsant
https://en.wikipedia.org/wiki/Anticonvulsant
https://en.wikipedia.org/wiki/Aprepitant
https://en.wikipedia.org/wiki/Calcium_channel_blocker
https://en.wikipedia.org/wiki/Verapamil
https://en.wikipedia.org/wiki/Diltiazem
https://en.wikipedia.org/wiki/Macrolide
https://en.wikipedia.org/wiki/Erythromycin
https://en.wikipedia.org/wiki/Azole_antifungal
https://en.wikipedia.org/wiki/Fluconazole
https://en.wikipedia.org/wiki/Cimetidine
https://en.wikipedia.org/wiki/Ciprofloxacin
https://en.wikipedia.org/wiki/Dronedarone
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Table 1 Human liver P450s (CYPs), and some of the drugs metabolized (substrates), inducers, and selective

inhibitors (cont.)

CYP Substrates Inducers Inhibitors
3A4 | @ |mmunosuppressants Moderate
Cyclosporin, tacrolimus, sirolimus ® Amiodarone
® (Chemotherapeutics ® Aprepitant
Docetaxel, tamoxifen, paclitaxel, ® Calcium channel blockers
cyclophosphamide, doxorubicin, erlotinib, Verapamil, diltiazem
etoposide, ifosfamide, teniposide, vinblastine, ® Macrolide antibiotics
vincristing, vindesine, imatinib, irinotecan, e Fluvoxamine
sorafenib, sunitinib, vemurafenib, temsirolimus, o Imatinib
matini
anastrozole, gefitinib l
® Valerian
® Benzodiazepines l
® Verapami
Alprazolam, midazolam, triazolam, diazepam
Weak
® Some hypnotics o
® Buprenorphine
Zopiclone, zaleplon, zolpidem
® C(Cafestol (in unfiltered
® Donepezil (Acetylcholinesterase inhibitor) ffee)
coffee
® Statins L L
® (ilostazo
Atorvastatin, lovastatin, simvastatin,
. . ® [Fosaprepitant
cerivastatin
. ® (abapentin
® Calcium channel blockers
° o
Diltiazem, felodipine, nifedipine, verapamil, Lomitapide
amlodipine, lercanidipine, nitrendipine, ® Orphenadrine
nisotdipine L] Raﬂitidine
® Amiodarone (class Il antiarrhythmic) ® Ranolazine
® Dronedarone (class lIl antiarrhythmic) ® Tacrolimus
® Quinidine (class | antiarrhythmic) ® Ticagrelor
® PDES5 inhibitors ® Valproic acid
Sildenafil, tadalafil
® Kinins



https://en.wikipedia.org/wiki/Immunosuppressant
https://en.wikipedia.org/wiki/Tacrolimus
https://en.wikipedia.org/wiki/Sirolimus
https://en.wikipedia.org/wiki/Chemotherapeutic
https://en.wikipedia.org/wiki/Docetaxel
https://en.wikipedia.org/wiki/Tamoxifen
https://en.wikipedia.org/wiki/Paclitaxel
https://en.wikipedia.org/wiki/Cyclophosphamide
https://en.wikipedia.org/wiki/Doxorubicin
https://en.wikipedia.org/wiki/Erlotinib
https://en.wikipedia.org/wiki/Etoposide
https://en.wikipedia.org/wiki/Ifosfamide
https://en.wikipedia.org/wiki/Teniposide
https://en.wikipedia.org/wiki/Vinblastine
https://en.wikipedia.org/wiki/Vincristine
https://en.wikipedia.org/wiki/Vindesine
https://en.wikipedia.org/wiki/Imatinib
https://en.wikipedia.org/wiki/Irinotecan
https://en.wikipedia.org/wiki/Sorafenib
https://en.wikipedia.org/wiki/Sunitinib
https://en.wikipedia.org/wiki/Vemurafenib
https://en.wikipedia.org/wiki/Temsirolimus
https://en.wikipedia.org/wiki/Anastrozole
https://en.wikipedia.org/wiki/Gefitinib
https://en.wikipedia.org/wiki/Benzodiazepines
https://en.wikipedia.org/wiki/Alprazolam
https://en.wikipedia.org/wiki/Midazolam
https://en.wikipedia.org/wiki/Triazolam
https://en.wikipedia.org/wiki/Diazepam
https://en.wikipedia.org/wiki/Hypnotic
https://en.wikipedia.org/wiki/Zopiclone
https://en.wikipedia.org/wiki/Zaleplon
https://en.wikipedia.org/wiki/Zolpidem
https://en.wikipedia.org/wiki/Donepezil
https://en.wikipedia.org/wiki/Acetylcholinesterase_inhibitor
https://en.wikipedia.org/wiki/Statin
https://en.wikipedia.org/wiki/Atorvastatin
https://en.wikipedia.org/wiki/Lovastatin
https://en.wikipedia.org/wiki/Simvastatin
https://en.wikipedia.org/wiki/Cerivastatin
https://en.wikipedia.org/wiki/Calcium_channel_blockers
https://en.wikipedia.org/wiki/Diltiazem
https://en.wikipedia.org/wiki/Felodipine
https://en.wikipedia.org/wiki/Nifedipine
https://en.wikipedia.org/wiki/Verapamil
https://en.wikipedia.org/wiki/Amlodipine
https://en.wikipedia.org/wiki/Lercanidipine
https://en.wikipedia.org/wiki/Nitrendipine
https://en.wikipedia.org/wiki/Nisoldipine
https://en.wikipedia.org/wiki/Amiodarone
https://en.wikipedia.org/wiki/Class_III_antiarrhythmic
https://en.wikipedia.org/wiki/Dronedarone
https://en.wikipedia.org/wiki/Class_III_antiarrhythmic
https://en.wikipedia.org/wiki/Quinidine
https://en.wikipedia.org/wiki/Class_I_antiarrhythmic_agent
https://en.wikipedia.org/wiki/PDE5_inhibitor
https://en.wikipedia.org/wiki/Sildenafil
https://en.wikipedia.org/wiki/Tadalafil
https://en.wikipedia.org/wiki/Kinin
https://en.wikipedia.org/wiki/Anticonvulsant
https://en.wikipedia.org/wiki/Anticonvulsant
https://en.wikipedia.org/wiki/Aprepitant
https://en.wikipedia.org/wiki/Calcium_channel_blocker
https://en.wikipedia.org/wiki/Verapamil
https://en.wikipedia.org/wiki/Diltiazem
https://en.wikipedia.org/wiki/Macrolide
https://en.wikipedia.org/wiki/Fluvoxamine
https://en.wikipedia.org/wiki/Imatinib
https://en.wikipedia.org/wiki/Valerian_(herb)
https://en.wikipedia.org/wiki/Buprenorphine
https://en.wikipedia.org/wiki/Cafestol
https://en.wikipedia.org/wiki/Cilostazol
https://en.wikipedia.org/wiki/Fosaprepitant
https://en.wikipedia.org/wiki/Gabapentin
https://en.wikipedia.org/wiki/Lomitapide
https://en.wikipedia.org/wiki/Orphenadrine
https://en.wikipedia.org/wiki/Ranitidine
https://en.wikipedia.org/wiki/Tacrolimus
https://en.wikipedia.org/wiki/Ticagrelor
https://en.wikipedia.org/wiki/Valproic_acid
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Table 1 Human liver P450s (CYPs), and some of the drugs metabolized (substrates), inducers, and selective

inhibitors (cont.)

CYp

Substrates

Inducers

Inhibitors

3A4

® Sex hormones agonists and antagonists
Finasteride, estradiol, progesterone,
ethinylestradiol, testosterone, toremifene,

bicalutamide

® Hl-receptor antagonists

Terfenadine, astemizole, chlorphenamine
® Protease inhibitors
Indinavir, ritonavir, saquinavir, nelfinavir
® Non-nucleoside reverse transcriptase inhibitors

Nevirapine

® Some glucocorticoids

Budesonide, hydrocortisone, dexamethasone
® Albendazole
® Aprepitant
® (isapride
® (affeine, cocaine
® (ilostazol
® Dextromethorphan
® Domperidone, ondansetron
® FEplerenone
® |idocaine
® Propranolol, Salmeterol
® \Warfarin
® (lopidogrel
® (Omeprazole
® Nateglinide
® Methoxetamine

® Vilaprisan

Unspecified potency

Cannabidiol
Dithiocarbamate
Mifepristone
Norfloxacin

some non-
nucleoside reverse
transcriptase inhibitors

Delavirdine
Gestodene
Mibefradil
Star fruit

Milk thistle
Niacinamide
Ginkgo biloba
Piperine
Isoniazid

Quercetin



https://en.wikipedia.org/wiki/Sex_hormones
https://en.wikipedia.org/wiki/Finasteride
https://en.wikipedia.org/wiki/Estradiol
https://en.wikipedia.org/wiki/Progesterone
https://en.wikipedia.org/wiki/Ethinylestradiol
https://en.wikipedia.org/wiki/Testosterone
https://en.wikipedia.org/wiki/Toremifene
https://en.wikipedia.org/wiki/Bicalutamide
https://en.wikipedia.org/wiki/H1-receptor_antagonist
https://en.wikipedia.org/wiki/Terfenadine
https://en.wikipedia.org/wiki/Astemizole
https://en.wikipedia.org/wiki/Chlorphenamine
https://en.wikipedia.org/wiki/Protease_inhibitors
https://en.wikipedia.org/wiki/Indinavir
https://en.wikipedia.org/wiki/Ritonavir
https://en.wikipedia.org/wiki/Saquinavir
https://en.wikipedia.org/wiki/Nelfinavir
https://en.wikipedia.org/wiki/Reverse_transcriptase_inhibitors
https://en.wikipedia.org/wiki/Nevirapine
https://en.wikipedia.org/wiki/Glucocorticoids
https://en.wikipedia.org/wiki/Budesonide
https://en.wikipedia.org/wiki/Hydrocortisone
https://en.wikipedia.org/wiki/Dexamethasone
https://en.wikipedia.org/wiki/Albendazole
https://en.wikipedia.org/wiki/Aprepitant
https://en.wikipedia.org/wiki/Cisapride
https://en.wikipedia.org/wiki/Caffeine
https://en.wikipedia.org/wiki/Cocaine
https://en.wikipedia.org/wiki/Cilostazol
https://en.wikipedia.org/wiki/Dextromethorphan
https://en.wikipedia.org/wiki/Domperidone
https://en.wikipedia.org/wiki/Ondansetron
https://en.wikipedia.org/wiki/Eplerenone
https://en.wikipedia.org/wiki/Lidocaine
https://en.wikipedia.org/wiki/Propranolol
https://en.wikipedia.org/wiki/Salmeterol
https://en.wikipedia.org/wiki/Warfarin
https://en.wikipedia.org/wiki/Clopidogrel
https://en.wikipedia.org/wiki/Omeprazole
https://en.wikipedia.org/wiki/Nateglinide
https://en.wikipedia.org/wiki/Methoxetamine
https://en.wikipedia.org/wiki/Vilaprisan
https://en.wikipedia.org/wiki/Cannabidiol
https://en.wikipedia.org/wiki/Dithiocarbamate
https://en.wikipedia.org/wiki/Mifepristone
https://en.wikipedia.org/wiki/Norfloxacin
https://en.wikipedia.org/wiki/Reverse_transcriptase_inhibitor
https://en.wikipedia.org/wiki/Reverse_transcriptase_inhibitor
https://en.wikipedia.org/wiki/Delavirdine
https://en.wikipedia.org/wiki/Gestodene
https://en.wikipedia.org/wiki/Mibefradil
https://en.wikipedia.org/wiki/Carambola
https://en.wikipedia.org/wiki/Milk_thistle
https://en.wikipedia.org/wiki/Nicotinamide
https://en.wikipedia.org/wiki/Ginkgo_biloba
https://en.wikipedia.org/wiki/Piperine
https://en.wikipedia.org/wiki/Isoniazid
https://en.wikipedia.org/wiki/Quercetin
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Clinical use
~ sl wuadu 2 993 Ao Induction therapy ieannae acute rejection waz Aasen1sli
maintenance therapy lngnsaegfane1egistng Tu 3-6 Wouusn uazldoniosiigniineiany
- Use at least 2 drugs (Lﬁawamﬁ"mﬂ’]ﬂﬁ dose ﬁquﬁﬂﬂ) 191 CNI + steroid
3 drugs : CNI + steroid + anti-metabolites
CNI + steroid + mTOR inhibitor
4 drugs : add antibody induction
- fUszanas 30 regimens waglianangnyih study WisuieuhduluAfigele
- trend 919U 1994-2003 99490151 Maintenance Wuinlieu FK > CsA wag MFM > Azathioprine

- trend nshiguvanil Wilddeglu website Wieaudniam waidulng trend Ad1eLAx

Specific property

sznanidluseimsdsuduilundn wsseuiiilinaaudBfroiuduan wu

a A

- Anti-tumor effect Tdlunsel Mdu HCC
- Antiviral effect TWlunsdl 78w Hepatitis C virus
~ Antifibrosis Tlupuld 7 prone #N15LAA fibrosis
® (Cyclosporine
- @130 inhibit Hepatitis C virus replication in vitro -> an rate of recurrence 16t
- Anti-tumor growth
® Mycophenolate mofetil
- ﬁqmé anti-viral activity at high dose -> 9gan #3%zan N15AA recurrence
® mTOR inhibitor
- Anti-tumor activity

- Antifibrosis activity dn1sihunldiadeu DES Tun1svin PCI 1w sirolimus
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Rational in specific disease

1. Hepatitis C
- 4laifl solid evidence dLau fazatuayuin ONI flafndy THldHs Csa/FK506
- Avoid steroid sz il replication 909 Hepatitis C virus 19

2. Oliguric renal failure
- non-nephrotoxic drugs Wi steroid, mTOR inhibitor, anti-metabolite
- withhold CNI 48-72 hr

3. Autoimmune disease
- #84dld long term steroid w31 H rate ¥B4N154A rejection g43N

4. HCC

- mTOR inhibitor, cyclosporine 14 2 @ilgasan tumor recurrent rate 19

Protocol ¥®4 A331% (Liver transplant)
- Steroid + CNI
- Wean off steroid n1glu 2-3 1hiou

- UN9193E add 3" agent 1LY WU high risk, 1R Side effect aMngLAnLNN, AR rejection AU

Clinical transplantation
Cadaver donor management
- M3qua donor 1 AW a@wsatieAulaNug
- Brain death criteria TunsazUszinalimiounu ualivangadiuiu 3 4o fe
1) Coma or unresponsiveness from known cause
2) Absence of brain stem reflexes
3) Apnea
- iy’lﬁéfaﬂm%a consent of donation Aaw 39911 invasive procedure ’Sus] e
Pathophysiology of brain death
- Cushing’s response
- Autonomic storm #® {n15 rising of catecholamine I@EJ%Lﬁﬂﬁu‘U%mm 15 min A3vadlas
- Decreased hepatic perfusion due to intrahepatic shunt
- Neurogenic pulmonary edema
- Diabetes insipidus
- Abolished vagal tone
- Decreased CO, production

- Arterial and venous vasomotor collapse
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Routine care and monitoring
§udunnn wielwlé organ ﬁﬁﬂmmwa WU recipient 3381 routine management ifievin A
- Arterial line
- CW
- Temperature
- Hourly urine output \losan ffniia DI au dehydration
- Frequent lab tests

- Swan-Ganz catheter l@anlalusenddymiluaeswes cardiovascular 9349

Goal of management
- 15999IA5I perfusion U organ aﬁqm 1n8n1s maintain physiologic status 984 donor TulnalAgs
ﬁﬁmﬁmmﬁqm \fie -> increase usability of organs
SBP 100-120 mmHg
CVP 8-10 mmHg
UOP 100-300/hr
Core temperature > 35 Celsius
Pa02 80-100 mmHg
SO2 > 95%
pH 7.35-7.45
HCT 30-35%
Cardiovascular support
- Hypertension/Hypotension
- Hypovolemia
- Decreased vascular resistance
Respiratory support
- Frequent ET suction
- low level of PEEP (PEEP 110 An heart)
- TV 10-15 ml/ke
- Maintain PaO2 > 100 mmHg

- i FiO, Tlunsdifl W non-lung donor (ms1e 23 Oxygen toxicity st lung)
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Renal function
- Maintain adequate perfusion/UOP
- Minimize use of vasopressors
- 80 % iAin DI udadl polyuria AuLAn hyperatremia Fsvingannl (Au 155) liver 1/3 azvigarinauas
Wislenain Graft loss léfie 33% ftiu fios correct Na
* Criteria for Central DI :  UOP > 500 ml/hr, Serum Na > 155 mEg/L
Urine sp.gr. < 1.005, serum osmolarity > 305
treatment of DI: Hypotonic solution e.g. 5% DW, 0.45% NaCl
Desmopressin, vasopressin
Cause of hypotension

- Aalfanvansamninn Fesdduiinutes fe

1) Hypovolemia
- Aal@an Polyuria (DI, osmotic diuresis, hypothermia), vasomotor collapse, 3" space loss

a1 resuscitation laiviu 9uAnn12z dehydration

- v optimize volume wag 1% dopamine 1¥u Drug of choice
- vandes Alpha-adrenergic agonists 131z agam organ perfusion e

2) Hypothermia

3) Cardiac dysfunction
- Arrhythmia
- Acidosis
- Hypoxemia
- Excessive PEEP
- Congestive heart failure

- Myocardial sequelae of autonomic storm

Organ preservation
- e preserve viability of organ Iﬁmmﬁqm
- Liﬂiﬂﬂ Hypothermia slows metabolism lagan A3 1uv§ﬂ 10 9371
- willgmfie N1z Ischemia azvililAn cell swelling 6 1312 Na/K ATPase laivinau augaving cell g
e fatiu Sefeafithen preserve orean Tnetaniz TduA

1. Collin’s solution

2. University of Wisconsin solution (UW) Y3u1au 1 L 57A1 10,700 U™
- Yameswiiadl K g9 ielfivilew intracellular fluid

- UW solution 3¢ilens impermeant 8¢ titedasiunmsiinn1ie cell swelling
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Ideal cadaver donor

Young adult 7lsifl medical problem
Brain death 910 Closed head injury

No extracerebral trauma

Brief hospitalization

Normal BP and HR without vasopressor

Excellent organ function

Infectious disease consideration

HIV, Hepatitis B (dnduasusulsiien usdsulavile), Uncontrolled donor sepsis
Hepatitis C 10U relative C/I woayldlu Hepatitis C saeruld (Gndsla cirrhosis)

Syphilis uauaan1tu Wulsanisnulamewin waneeseds HIV sausie

'
a

Fungus infection fi9711nN&2%1&@A 1A Aspergillus U 1 colony 50% a death

q

Contraindication

Unknown cause of death
Extracranial malignancy
HIV

Uncontrolled sepsis esp. fungal

Relative contraindication

Extreme age

Intracranial malignancy

HCV+

Hepatitis B core antibody positive i wladn wmesudessanuds wani genome U84 virus UNaU
2% incorporate WUy hepatocyte feiu savh liver transplant walaenagd \Woazilenna flare
up W& transmit TsalUss recipient 16 wivnniudsuetengdus Tivinle

Bacteremia
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Liver transplantation

Transplant Aemsednidunsie e1fidunse wazsianas daiupasléilummeaniing

Indication

Primary hepatic malignancy
Chronic viral hepatitis — cirrhosis
Fulminant hepatic failure

Alcoholic cirrhosis

Timing for transplant (Consensus U 1983)

Child-Turcotte-Pugh score >= 7
MELD score (Model for end-stage liver disease) > 15
Immediate need for liver transplant

ﬂiiﬁéjﬂwﬁ variceal bleeding #30 spontaneous bacterial peritonitis Iaglid@uiu Child-pugh score

Liver allocation

Allocate organ to sickest patient andaaundniuvestsadundn affuneugain UNOS status 1-4 us

U990u gaan MELD score (range 6-40) B3inas Aevaemiin (ddudinSen PELD score)

Model for end stage liver disease scoring system

Model for end stage liver disease scoring system (MELD) is a linear regression model based on

objective laboratory values (INR, bilirubin level, and creatinine level). It was originally developed as a tool to

predict mortality after transjugular intrahepatic portosystemic shunt (TIPS) but has been validated and used as

the sole method of liver transplant allocation in United States since 2002. The MELD formula is as follows:

MELD Score = 9.57In(SCr) + 3.78In(Tbil) + 11.2In(INR) + 6.43

Where n represents natural logarithm. SCr is serum creatinine level (in md/dL), and Thbil is serum

bilirubin level (in mg/dL)
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Table 2 Child-Turcotte-Pugh (CTP) score

Variable 1 Point 2 Points 3 Points
Bilirubin level <2 mg/dL 2 -3 mg/dL >3 meg/dL
Albumin level >3.5 g/dL 2.8 -3.5¢/dL <2.8 g/dL
International <17 1.7-22 >2.2

normalized ratio (INR)

Encephalopathy None Controlled Uncontrolled

Ascites None Controlled Uncontrolled

Child-Turcotte-Pugh class

- Class A: 5 - 6 points

- Class B: 7 -9 points

- Class C: 10 - 15 points

Chronic hepatitis B
- UaqUu wanssnwid Mg Wi Lamivudine anunsadesiunisiiia recurrence
Chronic hepatitis C
- aﬂuﬁaqﬁuﬁiﬁ interferon, ribavirin §4lal effective Tunnstlaaiu recurrence wagrednnu Side
effect laila wWu n3zdu immune uLAin rejection, hemolysis MUY
Hepatocellular carcinoma
- Most common primary liver cancer
~ Tnevhlumsinga 9ndl recurrence levey ﬁaﬁu%@maiﬁau’h winlali1dnezd prognosis ogals e
W3 uLiiey survival rate 7UN15911 transplant
- INNTANYINUD
5 yr survival ¥89n15 best supportive care 8g5¥1319 0-20% (sl 1 yr 80% n5eil intermediate stage)
5 yr survival 984013 resection a&éiwiw 38-62% (1 yr survival 70-92%)
5 yr survival ¥84n13 transplantation 8857319 61-75% (1 yr survival 80-90%)
— weluananduase Tnevhlusaian Intention to treat w89 Transplant asugninfiiiu tiesnindudusos
ag/lu waiting list fieu
- Milan criteria (1996) Anwdoyaluauld 48 au szyi criteria AtunsivAsusiu loun
Tumor ABLAET WA < 5 cm
Tumors Tl 3 fou Tnefivniew vuim < 3 cm
14idl vascular invasion

ﬂ?iLﬂaauﬁUsLUﬂuist'ﬂejmﬁ agl9 result 91 3 4 yr survival rate §18 75%, recurrence 8%
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Pancreas transplantation
- 1a%hw1 T1DM 1aile CA pancreas, chronic pancreatitis
- Improve quality of life ualsileidu life-saving procedure(iwsng &ailen insulin)
- 63 setting Ao
1) Simultaneous kidney and pancreas transplant (SPK)
iles91n naudu DM uug gavheasziin CKD ausesh dialysis 34 prognosis sl msléiuden kidney

improve survival oﬁ’qﬁ?uﬁqmaﬁﬁﬁgq@
- Criteria fi®

1.1 T1DM

1.2 Renal failure %38 impending

1.3 low cardiac risk

1.4 No major amputation due to diabetic vascular disease
1.5 Compliance

1.6 Willingness to follow post-transplant guidelines

2) Pancreas transplant alone (PTA)

'
' o a w

fio 1w DM eghadien lndafiey wunziuaaiiusu insulin e1nun viudaazann1sda insulin an

complication 31 DM WAADISUNAIIN Immunosuppression Wy

- Criteria fi®

2.1 TIDM

2.2 22 end organ complications : including peripheral/autonomic neuropathy, retinopathy,
vasculopathy

2.3 Hyperlabile diabetes or hypoglycemic unawareness

2.4 no evidence of nephropathy

3) Pancreas transplant after kidney transplant (PAK)
#15U T1DM with functioning transplanted kidney

Contraindication
- Severe, irreversible cardiac risk
- Severe vascular disease
- Psychiatric illness
- Severe obesity
- Presence of active infection
- Recent malignancy

- Active substance abuse or dependence
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Ideal pancreas donor
- Age 10-40
- Weight 30-80

- No pancreatic injury, fatty infiltration, aberrant hepatic artery anatomy

Technique

wadeu pancreas wanan insulin zdidsiilanIuANIsIe fie pancreatic enzyme

- Exocrine drainage

¥many Bladder %58 enteric drain WANEURBAU enteric 41NN

- Venous drainage

ALY systemic system HU Iliac vein %38 portal system Aevns portal vein lngn1seaiu portal

vein Jufnin

Fig. 8 Harvested pancreas and reconstruction (back-table prepared)
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Enteric
drainage
2 Superior mesenteric

vein anastomosis

Arterial
anastomosis

Renal
allograft

()

Fig. 9 Porto-enteric reconstruction

Fig. 10 Pancreatic transplantation (A) Bladder drainage, (B) Enteric drainage
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Intestinal transplantation
- U290 survival yosauldiivih small bowel transplantation tusni1 A1k TPN
- Indication: Intestinal failure s TPN lails videlviudainilayy (@ Short bowel syndrome,

Intestinal motility disorder, congenital epithelial mucosal disease)

Kidney Transplantation

fodunsinwivan lumuld ESRD ey @wnsa improve quality of life, increase survival rate waz an
cost mM3$hw ewieuiunisii dialysis

- Contraindication: malienancy A8 3laisnen wiedslaimneann, acute/chronic infection

- @pgUsziiu CVS risk, PAD, KUB disease 1% chronic infection, VUR

Donor nephrectomy
1. Cadaveric donor
- lulng 2ldun9n Brain death donor lngdaiin1suseiiiu kidney function new W584191A 818 U/D,
cause of death ¥84 donor karAInsIa Creatinine, UA
2. Living donor

v aada < v o =¢

- fe lenddelidin Sndusiesdilsiannuuasnsts ves donor Wty

o

- lale Ndiaaunings wisunsHIdalas ischemic time &

- Graft survival ﬁ)zgﬂﬂ’iﬂ cadaveric donor
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