CHAPTER II

REVIEW OF LITERATURE

I.  Overview renal transplantatlon

N/
Renal transplantatior@ e sup of renal replacement therapy such
as hemod1alyS1s (HD) o@ mmeal dialysis (CAPD), for end-

cessful human renal allograft
transplant was performed bétwe ‘_ denti ins i at the Brigham and Women’s

hospital in Boston. In Thaifand, fenal fransplantation have been started in 1972 at King

Chulalongkorn Memori# Q7
Graft survival depend oft 'gc,;r‘é : ing type and condition of the
donor organ, type of surgicz ' pr;:;;:fmcs nor: recipient matches for human
F] _: adnaid = iy
leukocyte antigen (HLA) alleles, m;ad ----- e immunosuppression after transplantation.

Early graft function f_’_‘E‘d freedom Trom ;'{q ion m ffter transplantation are the

most important lnde ndent prognostic factors 1c survival in recipients of

-

primary cadaveric rena!}ans AN
Acute ﬁﬁxﬁﬁ ﬁje?ﬁr ‘?Tjd sﬁrﬁ increase in the risk of
urrently, there 1

chronic graft rejection and graft loss. s no effective therapy for chronic
R 1751 1B TN 010 115
in thea Cl ‘:l cing the rate of

acute rejection episodes will have a substantial impact on the rate of chronic rejection.

A. Immunological basis for acute graft rejection ***

1. Transplantation nomenclature

Graft Any tissues, organ or object used for transplantation

Donor The person who gave graft to the recipient
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Recipient The person whom receive graft from the donor

Autograft A transplant of tissue taken from the recipient such as skin’s graft,

hair’s graft; not occur immune response

Syngraft (Isograft) A transplant of tissue taken from identical gene donor; identical’ s

2. Major histocompa :

twins ;not occur immune response

Allograft A transplant of tissue taken from the same species donor; the most
common

Xenograft A transplan&g%w #} from the different species donor such
as por

The major histoco ipility compl ycoprotein, which

address at the surface gnition sus nonself antigents.is the
responsibility of MHC , MHC luman leukocyte antigent (HLA)
and is located on the short 6fu"b;n '7

1. MHC class I consist qm d C, which are expressed on the surface

of all cllsghat have nuciais Soch At cells within the allograft,
These antigens promote th m 1body-producing B cells and are
pho@t (CD8") reaction against
allograft. Cytoéoxxc T cell recogmze and respond to these antigents.

Qplass consist oxflJ (K] a u ’])g zch are only expressed
A e

lmmg cell, and B lymphocyte MHC class II antgents trigger B cell generation

the pnmaryDar

and signal proliferation of T cells.

3. MHC class III do not play a specific role in the graft rejection process.



Before organ transplantation, histocompatibility testing and ABO blood
group compatibility of the donor and recipient are mandated to minimize donor-specific
immune responses to a transplanted organ.

3. Graft rejections

Three types of rejections are differentiated primary by histopathological features,
but also by type of immune effectohh y that mediate the rejection process and

,/..-v

by timing of occurrence.
1. Hyperacute graft r

Hyperacute tion ¢

antibodies res :

2. Acute graft rejjtlon 7

ﬁﬂﬁ ﬁﬁm m qﬂe?ansplantation. Two

types o rejection division by tissue distribution. This one is acute
ti ﬁ tibodies to

AT I b VN 16210131

necr051s of cells in the graft vasculature than thrombotic occlusion. Specific

ech}?\ly after transplantation, which
tigens and other antigents on the
r organ. These antibodies fix

thrombosis. This causes rapid

cytotoxic T-cells recognise and respond to alloantigents on the graft
vasculature and include lysis of these cells. The second type is the acute
cellular rejection, which is the most common form of graft rejection and is
characterised by necrosis of parenchymal cells within the donor organ. Both
T-cell (CD4" and CD8") and macrophages infiltrate the allograft. CD8*

cytotoxic cells recognize and lyse allograft parenchymal cell, whereas



macrophages mediate delayed type hypersensitivity reactions. Cytokines
produced by activated CD4" T-cells are responsible for sustaining the immune
response by stimulating clonal proliferation of T-cells are recruiting
inflammatory cells that cause endothelial necrosis. Natural killer (NK) cells
also infiltrate the graft during acute cellular rejection and may kill allograft
cells after recognizing foreign class I MHC antigens.

3. Chronic grafi rejectlon \\\ ' , ///

Chronic graf%n ooghr ears after transplantation,

: 'c_kenlng.g rosis, leading to luminal
1 | ughﬁe pathophysiology of chronic
7 of the graft vacular
f ‘gdhwon molecules, which in

of‘c,ztokine such as IL-2, IL-6,
1o obliteration of the blood

rejection is not.€@

endothelium res

) | . £
. d . '

; leled the progress in the

understanding of celluu and molecular mechanisms of a‘ﬂl)graft rejection. Thus, initial

experiments e @ in thé century, us%tﬂucytotoxw aﬁts (benzene, toluene and

0 Wy e i s O el sl

(azathioprine [AEA] cyclophosphamdde)
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In 1959, by using the anticancer drug 6- mercaptopurine (6-MP), Schwartz and

irradiation), pa iantlprohferatlve agents

Demeshek showed that pharmacologic immunosppression was possible after
transplantation, but clinically limited by the requirement for parenteral administration.
Two years later, AZA, an orally absorbed analog of 6-MP, was successfully used for
human allograft transplantation by Calne initiating the modern era of transplantation. In
the early 1960s, AZA and corticosteroids provided the basis of standard
immunosuppressive therapy in transplantation. In 1983, cyclosporin (CSA) has been

approved by the US Food and Drug administration (USFDA), which importancely



advanced short-term RT outcomes and permitted successful transplantation of other
organs, such as the heart, lung, liver, and pancreas. In 1975, using the somatic cell
hybridization technique developed by Kohler and Milstein, monoclonal antibodies
directed to the antigens expressed on the surface of the T-cells. A full decade later, an
explosion of new agents including mycophenolate mofetil (MMF), which approved by
USFDA in 1995, tacrolimus (FK 506), sirolimus, which acted on postreceptor signal

transduction pathways, and genetically engineered humanized interleukin-2 (IL-2)

\\\'////

In general, 1mmunasnppsewve thkrapmng&transplantatlon has 2 periods are
called the induction the

immunosuppresion period and the
maintenance therapy, pression for prevention of graft
rejection, but also the atment of graft rejection.
1. Azathioprine (AZA)

Mechanism of action

nucleotide synthes AZA is converted

monophosphate (TI whxch manifests four
activity of inosine monbi)hosphate dehydrogenase (IMPHH), a critical enzyme in the de
novo pathway %ienerateﬂfpmne nucleosidesiadenylic or guanidylic acid; (2) TIMP also

onphophofbhite dhinoiradrate, ke st sep i he de novo

synthesis of pun%les, (3) as a structural analog of IMP , it actlvatesqaknegatlve feedback

oot RWANRIRT L RNV INE QB csioguanioc

(TGN), the primary active metabolite of AZA, are directly incorporated nucleic acids as

blocks phosph:

fraudulent bases. The consequent chromosomal breakage, nucleic acid distortion, and
interference with DNA repair produce and increased proclivity of drug-treated cells

toward malignant transformation as well as benign papillomatosis.



Pharmacokinetic properties

Approximately 50 % of AZA is absorbed after oral administration. A daily oral
dose of 2-3 mg/kg is generally administered when the agent serves as the primary
immunosuppressant, and a dose of 1-2 mg/kg when it is used in adjunctive therapy with
CSA. Dose adjustment is often not necessary in cases of renal dysfunction because the
drug is neither significantly dialyzed nor excreted by the kidney; however, the AZA dose
should be reduced by 25 % to 50 \\‘#/ s coadministered with allopurinol which

\

also inhibits xanthine omdase@

Clinical efficacy and t

.-

A number of i
combination therapy, w
between 1966 and 19

and wound healing, respegtively. 1€ _ a therapeutic index; about 85 %
of renal allograft recipients peﬁﬁéed episodes and only 50 % of grafts
survived a full year. The lumgafim;s of mto an interest in the development of

u;lubltors which could Mﬁly and more selectively to
D ]

3. Mycophenolate mofetil (MM

HUEENINYINT

MMF, a g}lnthetlc derivative of MPA produgd by the mold Penicillium glaucum,
QR IR AN IR R

4.Cyclosporin (CSA)

nucleoside synthesi

Mechanism of action

CSA inhibits transcription of the IL-2 gene by inhibiting calcineulin phosphatase
activity. CSA is converted to active formulations by binding to, and undergoing

structural conversion by, cytoplasmic propyl peptidyl isomerases namely cyclophillin
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(Cyp). This complex bind to the phosphatase CaN to form a pentameric unit, which leads
to inhibition of calcium-calmodulin-dependent calcineulin activity , thus preventing the
dephosphoration of nuclear factors of activated T-cells pre-exiting (NF-ATp) by
calcineulin and the subsequent translocation of NF-ATp to the nucleus. Because all the
factors required for transcription of the IL-2 gene must be present before any of them can
bind to the promotor region of the IL-2 gene, CSA effectively shuts down expression of
the IL-2 gene by preventing the translocation of NF-ATp.

Pharmacokinetic propertlek \\ 'l///

Selivistessl o e bioayai blh‘g%ges from 50 % to 60 %. CSA
ibute 16 ‘ : 0-

( of the CSA in blood is bound
‘ asma li teins; thus, the drug is not
yund has a half-life of about 8 hours. CSA is
e#zymes, with the majority of
metabolites excreted infthe bi ; nt .small 2 via the renal route. Thus, in
' : ! cessary during dialysis therapy.
However, hepatic dysfuncti n;ﬂg‘c{ﬁg‘es ‘_' ance. The combination of CSA and
TCL also potentiates the tgﬂcjfﬁe% the individual drugs, particularly

nephrotoxicity. Mgfﬂitonng CSA exposure is bﬂ

concentration of the.dru : e quotient of i ~ r the plasma concentration-
time curve (AUC), and the dosi ;
associated with the occurrence of acute rgjection episodes, and high intraindividual

variability in ﬂ;% Hs’g %ﬂh&}.ﬁ@% of Ghio ﬁc rejection. The most

popular methodfor estimating CSA i ? the automated TDx assay.

AR AINIUIMNINYAY

S.Tacrolimus (TCL, FK506)

=d by measuring the average

—
ours. MLow levels of exposure are

Mechanism of action
Mechanism of action of TCL like a CSA. TCL binds to FK binding proteins
(FKBP) while CSA binds to cyclophillin.
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Pharmacokinetic properties

Administered orally, the bioavailability of TCL ranges from 4% to 93 % (mean of
25%). TCL concentrations are 11 to 114 times higher in whole blood than in plasma.
TCL is metabolized by cytochrome P-450 3A4 isoenzymes, like CSA. Optimal efficacy
was observed among patients who displayed TCL trough concentrations of 5 to 15
ng/mL  Trough concentrations below this range were associated with a 30 % incidence
of acute rejection episodes, and those above, with a 45 % incidence of adverse events and
a 3 % incidence of rejection episodes. @ displays narrower pharmacokinetic
variability than TCL. = _ ____,

,‘l-"_,r :- r | -

The TCL treated isplayed ‘a significantly reduced incidence of acute

rejection episodes co the‘gr recelvmg CSA, but the overall patient and
CSA an; TCL appear to have no differences in their
ic resulfs. Fui’ﬂi%nnore TCL/MMF- and CSA/MMF-based

ylek!*tompaf&e atient and graft survival among renal
ik

graft survival rates were 8i
short-or long-term therape
immunosuppressive regime
transplant recipients. Thus, the sei:ct:on ofaca Tcmeulm inhibitor is generally based on
physician preference;. gn patlent 1ntolerance fo one of the ﬁhemated drugs, for example,

because of cosmetf¢ “side—effect: .xc }y of TCL, on ill-defined

pharmacodynamic resm]‘ance and/or on idiopathic nephrotoxw sensitivity. The most
common adverse events associated with TCL therapy are neurotx1c1ty (tremor, seizures,
coma, and heada¢hg), nauseaand diarrhied, alopetiay as'Well as‘tiew onset posttransplant
diabetes mellitus, (PTDM). The incidence of PTDM is significantly higher among TCL
than CSA —treated patlents (19%,_.versus 4. % respectively; p<.0. 001) Reports on the

incidence of hypertensxon and lipid disorders under TCL therapy aré ineensistent.
6. Sirolimus (SLM)
SLM is a macrocyclic lactone product of Streptomyces hygroscopicus, discovered

in the soil of the Vai Atari region of RapaNui (Easter Island). The drug not only

prolongs allograft survival, but also interacts synergistically with CSA.
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Mechanism of action

SLM blocks cytokine-driven cell proliferation and maturation by inhibiting a
multifunctional phosphatidyl-inositol kinase-mammlian target of rapamycin (mTOR)
regulates the phosphorylation status of several sarcomar-like, receptor-type, and cell-
cycle-dependent kinases, as well as intracellular phosphatases. SRL blocks Ca®* -

dependent and Ca®" - independent events, including transduction of the signals delivered

by IL-2, IL-4, and IL-15. To a l egree SRL blocks signals delivered by

nonlymphoid cytokines: ﬁbroblast stem cell factor, platelet-derived

growth factor (PDGF), colonxlm;ulatmg faaéﬁ), and insulin growth factor (IGF).
b

Finally, SLM mhlbltlowmtg h rphqspha,L lation of retinoblastoma protein,

thereby reducing E2F-de -. riptioii'u;d‘decreasing Bcl-2 activity so as

to promote apoptosis.

?J
excellent correlation (r=0.94) exfts.betweenéaéugh whole-blood levels and the AUC ,
after multiple drug do\jes suggests1hat the ué'ﬁg!ﬁevel is ?good indicator of total drug
_J

-

exposure. SLM is extehsively-disiributed-in-tissues, with-a volume of distribution of 5.6

ch"permlts once daily dosing *°

to 16.7 L/kg in stable;enal transplant recipi
Similar to TCL and C

extensively 1 F' isoenzyme, and is
comtemmspm,Jﬂmﬁ)mg 51( ﬁ P-glycoprotein ; these
proces t ow sﬁ)jl acokineti ility. The rate
and extﬁt iﬁ‘f] ﬁo}a fl %ﬂ m }gl %ﬁ lzj ﬁsm body clearance

127 to 24% mL/hr/kg, which is not related to dose. The major of excretion is feces, 91 %.

SLM is metabohzed to some extent in the small intestine and

Clinical efficacy and toxicity

When used as the foundation of immunosuppression, a regimen of
SLM/AZA/Pred showed a comparable incidence of acute rejection rates at 6 months as a
CSA/AZA/Pred regimen; namely, 41% and 38 %, respectively in a phase II open-label

trial. In contrast, the addition of SLM to a CSA/Pred regimen reduced the incidence of
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acute rejection episodes (from 36 % to 7 %) and permitted early withdrawal (within 1
month) of steroid therapy in 78 % of patients. The most common side effects associated
with SLM therapy are thrombocytopenia, leukopenia, and hyperlipidemia (40 %).

7.Polyclonal antibodies

Polyclonal antibodies preparations directed against immunocomponent cells have

rse acute rejection episodes. Polyclonal

e the activities of T and/or B cells.
M&Js horse antibodies to human

rabbit antibodies to human

thymocytes and rabbit
lymphocytes, became

Mechanism of action

ereby opsonizing lymphocytes

A daily dose of 10 to 20 mg/kg/day Of, ATGAM is usually infused over 4 hours

through an inﬁeutEJ ﬁ} ‘ﬂ:ﬂr?{},@wl&] c’é}hﬂﬁr arteriovenous fistula

because the usé of a peripheral 6yem is often followed by vem thrombosis or

b Nt L

Thymoglobulin is infused over 6 hours peripherally at a dose of 1.5 mg/kg daily
for 10 to 21 days.
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Clinical efficacy and toxicity

The incidence of adverse events and the 1-year patient and graft survival rates
were similar in both groups. Many of the side effects of these treatments (chills, fever,
and aithralgia) were related to the large quantities of administered foreign protein.
Thrombocytopenia and leukopenia represented not uncommon side effects. The other
side effects of these reagents related to the intense T-cell inhibition which increased the

incidence of lymphomas and oppo infections, particularly with CMV, so as to

8. Monoclonal antibod_!'ﬁ_..-—"* T —
/ ‘ -'\\
In contrast to cl ibodies, a nion al antibodies preparation is

on its target antigent. Monoclonal
&

¢ fusion of nutrient-dependent

highly specific, recogni
antibodies are produ
plasmacytoma cells whi en cells from mice, which

have been immunized to producing a single antibody of

;
Mechanism ofgtioﬁ'-"

OKT3 i - i Uw mﬂ s, binds to the epsilon
chain of the Cﬁ gﬂr‘gm :;Ipmz, causing modul?ison and immunological
inactivatio cells. It i (ﬁiv d 5 S ﬁl ace modulation
of sheﬁ;&ﬁnﬁiﬁs‘ﬂ ifjbl iil:ﬁ?i ﬁ(‘g a': bﬁle to therapy is
the prod?xction, by 50% of treated patients, of neutralizing antiidiotype human anti-

murine antibody (HAMA), as a result, most mouse monoclonal antibodies have a half-

life of only 1 to 2 days, leading to a patient resistant to repeated courses of therapy.

Clinical efficacy and toxicity

Currently, OKT3 is administered for induction therapy, as well as for reversal of

severe acute or steroid-resistant rejection episodes. Even though pan T-cell-specific
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monoclonal antibodies have been used effectively to treat graft rejection, there are some
risks associated with their use. Cytokine release syndrome is frequently a serious
adverse event associated with the use of OKT3 and is characterized by a massive, albeit
transient, release of T-cell cytokines, including tumor necrosis factor-alpha (TNF-a),
interferon-gamma, IL-2, IL-3, and IL-6. Symptoms of cytokine release syndrome
include fever (73%) , chill (57%), tremors(10%), dyspnea (21%), chest pain/tightness
(14%), wheezing (11%), nausea (11%), and/or vomiting (13%). Strategies to minimize
the occurrence of these adverse effeﬁ * remedicating a patient with a cocktail of
methylprednisolone (5 to 8 mgdgg), ine HCI ( 25 to 50 mg IV), and
acetaminophen (500 mg om;sing'p low-nitial ¢ dose of antibody (1 mg) followed
{heaiount io th; sual 5 mg dose.

by gradual escalation of

e Interleukin-2

Basiliximab Jare two anti-IL Rmﬁb reagents recently approved

important additions to the induction ;ggilﬁ N physicians may use the anti-IL-
2R mAbs for induction therapy, ;esgnlmg, KT3 or ATGAM/thymoglobulin

for potential subsequent rej ectlon gp[sodcs

_..-r,.-__,. ’

Mechanism

anti-IL-2 receptor mAbs bind to the alpha cham (CD25) of the IL-2R, which
cannot trigg M t the cytokine release
syndrome. F@Hﬁqm 1-IL- mm‘ prolonged serum half-
life an oke ro %ji es. ockade of IL-2R
A AP kbbb lit) T £

Dose and administration
Basiliximab

The chimeric form, basiliximab mAb, displays a 10-fold greater avidity for IL-2R
than daclizumab, ahumanized version of the murine anti-Tac mAb. Basiliximab is

administered intravenously on the day of the surgery and on the fourth day
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posttransplant. Anti-IL-2R mAbs produce a blockade of IL-2R, beginning at 10 hours
after the initial dose and lasting as long as 4 months posttransplant.

Daclizumab

Daclizumab is administered intravenously at 1 mg/kg/day beginning within 24
hours after transplantation, followed by equal doses very 14 days for a total of 5 doses.

Clinical efficacy and ¢ \x\ ’///_/é_'

Aministration of two 20 mg doses

Two multicenter trials have documen
py produced results; a decreased
incidence (29.8 % for basiliXimab ireat nt, for placebo ;P=0.012) as well

as severity of acute rejectic

of basiliximab with concomitaRLCSA and steroid ther:

: _ o daclizumab to a triple-drug
regimen of CSA, AZAyand stero ni e incidence of biopsy-proven
acute rejection within the r
35% for the placebo (p=0.(

r daclizumab treatment versus

.. )

g
ﬂﬁﬂ‘?ﬂﬂﬂﬁﬂﬂ’]ﬂ‘i

ammnim URIAINYAY
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Table 1 Immunosuppressive agents utilized most frequently in transplantation %%’

Category ; Mechanism Usual Dose Adverse Effect comments
Agents of action
Corticosteroids
Methylprednisolone Inhibit T-cell Initial osteoporosis, Take immediately
Prednisolone proliferation and prednisolone; suppression of after meals to minimize
Hydrocortisone cytokine gene 0. Gl side effects
transcription, A
anti-inflammatory
properties
Interleukin-2
Inhibitors
Cyclosporin 1V slow
(Sandimmune- infusion 2-24 hr
Neoral; inhibit T-cell ;Glass bottles only
Novartis) proliferation administration of IV
or oral solution
Tacrolimus bind to FKBP, Initial; 0.05-0.1 M, alopecia, Trough levels
(FK506; 11 5-15 ng/mL
— Waﬁtl\ mmm
Jansen-Cilag) nephrotoxxcnty,
ms/szday po
divided every
12 hr ,adjusted
dose by trough and

adverse reactions
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Table 1 Immunosuppressive agents utilized most frequently in transplantation

(continue)
Category ; Mechanism
Agents of action
Interleukin-2
Inhibitors
Sirolimus
( apamycin, inhibit signal
rapamune) transduction;
inhibit T-cell
proliferation
Antimetabolites inhibit T and B cgli
Azathioprine inhibit both
(Imuran; a de novo and
Glaxo-Wellcome)  salvage path
inhibit B and T-¢
proliferation
Mycophenolate inhibit de novo
mofetil pathway;
(CeliCept; inhibit B dng
Hoffman- T-cell
La oche)

| UL AR INIIA T

escute therapy

Usual Dose

Loading dose;

Adverse Effect

hyperlipidemia (40%),

comments

Before taking

the dose, it should
be diluted with water
or orange juice;

but not be diluted
with grapefruit juice

Decreased 25-50 %
of dose

when administered
with allopurinol

Avoid to administration
with antacid, Fe preparation
cholestyramine, ASA,
probenecid

soie 0| WTRNTIndatdd AN &L

(equmeATG

Pharmacia-Upjohn)

4 hr for 10-21 day

opportunistic infections

into a central venous
line catheter or
arteriovenous fistula



Table 1 Immunosuppressive agents utilized most frequently in transplantation

(continue)
Category ; Mechanism Usual Dose Adverse Effect comments
Agents of action
escute therapy
Thymoglobulin 1.5 mg/kg daily chills,fever,arthralgia,
ections (rabbit; IV infusion over oppoistic i
Sangstat) 6 hr through lymphomas,
Monoclonal:Antibodies

Muromonab- Administered
CD3 (KT3; undiluted over
rthoclone; 1 min; filter
rtho through a 0.22
Pharmaceutical) micron filter
Interleukin-2 eceptor Monoclonal:Antibod Aab) eagents -
Bind to the alpha chain (CD25 its T al proliferation and
differentiation
Basiliximab
(CHI 621
Simulect;
Norvatis) fourth day
o/
. ﬂum LNINENS
within 24 helof
= RAINIAANIINYIAE
La oche)
every 14 days for

atotal of 5 doses



I1. Mycophenolate Mofetil (MMF)

A. Pharmacodynamic Properties

Mycophenolate Mofetil (MMF) is an immunosuppressive agent introduced into
clinical practice in 1995 for the prevention and treatment of allograft rejection. More
recently, it has also been used for the t f autoimmune disease example systemic
lupus erythematosus (SLE). MLQIS
the active compound myc ac1$ turn, MPA is metabolized to the

e —
beta-glucuronide. MP

is rapidly hydrolysed by esterases to

ngu uro nverted during enterohepatic

g‘bm\the active form, but the half-

MPA was initiallyds frgﬁgg e ‘moul I}b()icillium brevicompactum in the

1940s"?, and studied

psoriasis and cancer’.

circulation resulting in
life (T ) of the active c

The main mechanism of acjmp stion of Nw inhibition of inosine monophosphate
dehydrogenase (IMPfj-I), a key enzyme in the d&.‘ﬁ way of purine synthesis®,
which is required fo prohferatlon and fun nd B lymphocytes®®. Since T

and B lymphocytes gt_;.y soley ¢
nucleotides, the proliferation, of these cellsgis specially inhibited’. In addition, further

modes of actiﬂ ciibtl two) isdfbtms B IMPDI fhave] bedn jdentified with different

expressions anquensmwty to MPA MPA potentcz selectively and reversibly inhibits

IMPDQW mp&zﬁﬂ f‘]yan'ﬁ wﬂ y more than the

salvage tpathway ypoxan ine- guanine phosphori ltransferase) for purine

way for {'ﬁxe production of guanosine

biosynthesis. Enterocytes rely approximately 50 % on the de novo pathway; however this

may change during long term therapy with drugs such as MMF.
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B. Pharmacokinetic Properties ***

Absorption

The pharmacokinetics of the immunosuppressant mycophenolate mofetil (MMF)
have been investigated in healthy volunteers and mainly in recipients of renal allografts.
2 idly and completely absorbed, underwent
lability (F) of oral MMF was around
level of MPA were achieved after
oral MMF therapy in the ea : ‘;. S ion period; serum levels increased

Following oral administration, MMF \‘a’s

extensive presystemic de-esten.ﬁqahqk

94.1 %'. Inrenal transplant I¢

significantly after 20 days.ef tiedimes e tentially impaired absorption or
altered metabolism of e gste wremi fic \ acokinetic study showed that
the rate but not the extend of 'z fk i n of .is affected by food, indicating that
MMF may be admini | ' fo. CellCept ®(1998) suggested
that the dose of MMF shyg

Distribution

magnitude of the MPAG

renal clearance indic : i ar must occur. At clinically
relevant concentrations, MPA and MP. about 97 %jand 82 % bound to albumin,
respectively. Thereby, MPAG at high (but elinically realizable) concentrations reduced

the plasma bmﬂgu@/{gl%&%ﬁr% ﬂai ent delayed graft function

(DGF), protein l%'nding may be decre@sed . In add'igm, volume of g‘i;tribution (Vd) was
= ERIRNNIUNAINEAE

Metabolism

In healthy volunteers systemic plasma clearance (Cl) of intravenous MMF was
around 10 L/min and the half-life (T1/2) was around 2 minutes, and plasma MMF
concentrations fell below the quantitation limit (0.4 mg/L) within 10 minutes of the
cessation of infusion. MMEF is rapidly converted to its active form, mycophenolic acid

(MPA), by inosine monophosphate dehydrogenase (IMPDH) in the liver. MPA is
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subsequently metabolized to mycophenolic acid glucuronide (MPAG), which is inactive
form. MPAG is excreted in the bile. Deconjugation of the glucuronide to MPA may
occur in human via the action of intestinal or intestinal microflora beta — glucuronidase,
which subsequent reabsorption of MPA. An oral cholestyramine interaction study
showed the mean contribution of enterohepatic cycling to the AUC of MPA was around
40 % with a range of 10 to 60 %.

A secondary rise in the pli§ tration of MPA occurred with both
intravenously and orally of ad@smm &yms after the dose'. Thereby, after

administration of MMF lémvenodsly 933:—:1? the apparent half-life was 16.6

hours and 17.9 hours, 7 \

Excretion

‘was approximately 180 mL/min.' Similar
T '*-2»,--= avenous administration in patients with

severe renal or hepanﬁ unpaument, unp'[ymg tha:t > de ftenﬁcatlon process had not

been substantially 2 y'T--_n way Johnson H. 1 have been investigated in

patients with varymgaegrees of
clearance of MPA after AS single 1 gm or&{" MMF is unaffected by renal function.

Changes in renW%Ja? Wlﬁ sﬂﬁ‘ﬂﬁ&}ﬂlﬁl significant differences
di

in elimination ition, because MPA rmmmally removed by hemodialysis,

o AR e e

MMF are not required after hemodialysis. On the other hand, MPAG clearance as

eﬂave been discovered that

glomerular filtration rate (GFR) is affected by renal function. Compared to individuals
with a normal GFR, patients with severe renal impairment (GFR 1.5 L/hr/1.73 m?)
showed 3- to 6- fold higher MPAG AUC values. It is unclear whether accumulation of

MPAG is associated with side effects or an overall increase in exposure to active MPA
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C. Therapeutic drug monitoring (TDM)

The use of TDM as a tool to assist the very important process of regulating the
exposure of patients, thereby facilitating their safe and effective use. The mean
maximum plasma MPA concentration (Cmax) after a MMF 1 gm dose in healthy

individuals was around 25 mg/L, occurred at 0.8 hours post dose, decayed with a mean

apparent T1/2 of around 16 hours, an

nerated a mean total area under the plasma
concentration-time curve (AUC) of\ak k cg.hr/mL. Pescovitz MD et al *° have
been investigated and sugw the & (0-12) was higher for intravenous

MMF than oral MMF (W vs 32.9 i}t@m, p<0.001). But there were

no other significant ph. rence fé‘x’w MPA or MPAG. Compared

with MPA, MPAG show:

a similar T1/2 and an

D. Drug interact

1. Cholestyramine

— S ,
MMF efficacy. Twelﬂ: healthy reated ﬁth cholestyramine 4 g three
times daily for four days ga&a decreased A%of MPA following a single dose of MMF

1.5 g This iﬂrﬁﬂl{}%@a‘ﬁ ﬁge‘w %Jl’n}ﬁﬁn of the enterohepatic

recirculation dué'to binding of MPAG with cholestyramme in the mtestme So it is

AR TAN PV ITETH

2. Antaclds

MMF absorption may be decreased when administered concurrently with antacids
containing magnesium hydroxide and dose of MMF 2 gm with Maalox ® TC 10 mL, the
Cmax and AUC for MPA decreased by 33% and 17%, respectively. Doses of MMF and
antacids containing magnesium and aluminum should be staggered. The consequent, this

interaction may be reduced MMF efficacy. Should it be necessary to use this
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combination, stagger the dosing in patients receiving MMF and antacids containing

magnesium hydroxide and aluminum hydroxide.
3. Iron ion preparations

Megumi M et al (2000) 38 reported that when MMF and iron ion preparations

were administered concomitantly, a remarkable decrease of MMF absorption (89.7 %)

was observed. This study demgnedqa\\ ized crossover, in 7 healthy volunteers,

they found the AUC from 0 %ours of MPA in MMF combined with
e —

iron ion preparations wer tly léss thw; alone (MPA AUC, 329 + 14.7

mcg*hr/mL versus 2.92 + /mL p\Cmax 20.1 + 9.21 mcg/mL
‘ 1s sugggste that the interaction between

versus 1.30 + 0.367 mcg/.
g-1ro \M complexes. MMF contains

MMF and iron ion is
echanism of the interaction between

cklation complexes between this

gastrointestinal absorption. This

iron ion or cedinir and iron 1on -a;n&thxs
=AY

MMF was more pro?.{)unced tiﬁn’ ﬁiat by me ﬂo!r ciprofloxacin or ofloxacin.

Therefore it seemsT‘ be-clear-that-we-must-avoid-th _ comitant administration of
MMF and iron ion preﬁationsh__

i
* Cy°'°s"“ﬁ“ﬁ%°}"3 1 EJ NINYINT

ﬂl (351 Tﬂjﬂ
coadmﬂteredd?ﬁsponn andm]’ appea:jlet?elrlls d well-tolerated without

significant renal or hepatic toxicity, even when given long term (430 + 30 days) in heart

transplant patients. Serum CSA concentrations and doses showed no significant changes
during combined therapy with oral MMF. In a preliminary study involving 48 renal
transplant patients, Sollinger et al (1992) found a lack of significant toxicity when MMF,
CSA and prednisone were coadministered. One patient developed hemorrhagic gastritis.

However, Van Gelder T, et al, reported that the MPA concentrations in non-CSA-treated
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patients were significantly higher, possibly due to increased glucuronidation in the CSA

group as a result of CSA induced induction of the cytochrome P-450 complex.
5. Sulfinpyrazone

Catalano et al (1997) reported increased MMF toxicity in an anoroexic, 50

year-old female, renal transplant patlent also treated with sulfinpyrazone. Even though
the dose of MMF was adjusted for the f ction, the patient developed signs
of toxicity, including nausea, d&l.hga, 2&1 pain. Signs of toxicity resolved
after both drugs were dlswn!mued"" Sulﬂnpymy have interfered with the renal

tubular secretion of / /

E. Adverse dru o/ 2 4\

"'-1.

1. Gastrointesfin

Diarrhea has
¢ l.:-;‘..' £

in clinical studies; constlpa&e‘T has

4',._,., .-:,,'

nausea occurreﬂ in approx1mate1y"i9°o

usually occur\f rly in therapy and respond to dose
d daily doses.
13 % to 17 % oj} renal transplant Ea}tients Hemorrhagic gastritis has been

reporte Wﬁ W\E}:ﬁ]ﬂﬁd after withdrawal of

treatmenty | Pancreatms was described in | renal transplant recxplent during rescue

T

reduction (or more rarely discontinuance of therapy) has ranged from 5% to 20%

two to three divid al pain, Eild dyspepsia (occurring in

in renal and heart transplant patients. However, Epinette et al (1987) reported
that all gastrointestinal adverse effects diminished significantly during subsequent
years of therapy. The aetiology of the gastrointestinal adverse effects of MMF is

still not completely clear. It is a combination of several effects.®
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2. Hematologic effects

In controlled clinical studies, leukopenia has occurred in 11 % to 34 %
of transplanted patients receiving MMF; anemia has occurred in 25 % to 43 %.
The incidence of the above adverse effects varied with the MMF dose, study, and
type of transplant. Thrombocytopenia has occurred in 8 % to 24 %. .In addition,
hypochromic anemia and leukocytosis occurred in approximately 7 % to 25 %
and 7 % to 40 % of ild leukopenia and anemia (but not
thrombocytopema) ha %ﬁﬁ/& y in rheumatoid arthritis patients
treated with oral ng#mg rapy of psoriasis with oral MMF,
leukopenia has als Curte 1

ly been dose-limiting; mild
anemia and - been less frequent. The

myelosuppressi an those of azathioprine.

Hyperte i-has-oeeurs edin 17 %o 10 32 %0 0 ,‘-* Al transplant patients
in clinical tnalp d im approximately 28 % to these
patients. er cardiac transplantatlon the incidence of hypertensmn

hymww'?w YT NGy s o
Wﬁmﬁmumwmaﬂ

Elevatlon of liver enzymes has been reported occasionally in some

studies. However, no effect on liver function has been reported in most.
5. Central nervous system effects

Headache has occurred in 16 % to 21 % of renal transplant patients in clinical

trials. In addition tremor was reported in 11 %, insomnia in 9 % to 11 %, and
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dizziness in 5 % to 11 %.  After cardiac transplantation, the following adverse
effects were reported: headache (54.3 %), insomnia (40.8 %), dizziness (28.7 %),
anxiety (28.4 %), tremor (24.2 %), and paresthesia (20.8 %). In patients with
rheumatoid. arthritis, headache, dizziness insomnia, and weakness have been
described occasionally. With relatively high doses of oral MMF for the treatment
of psoriasis, weakness, headache, and insomnia were observed in 20 %, 5 %, and

11 % of patients, respectively, during the first year of treatment. These effects

diminished significantly dun{&%t years of therapy.

6. Endocrine am?bollé flﬁv

Hyperglycemi
patients while h
hyperkalemia

7. Genitourina

Y o A
Urinary tract Mectxmgm&%pf; renal transplant patients in

clinical trial .-:Hcmatuna was reportedm‘x_ﬁ % of patients and kidney

tubular necrosi§ | in ‘After cardiac transplantation,
- od urea mtréﬁen were reported in 39 % and
34 % o{fﬁi]atlents ¢Burming on urination and urinary frequency or urgency were

YEIALAINS WLINES: of v costment

one studﬁl Oral MMF has occasionally bee&assocmted mﬂwmary frequency.

ARIANNIUNNRTINETAE

8. Ocular effects

reporte

Oral therapy with relatively high doses of MMF in psoriasis patients
has been associated with ocular changes, including nuclear sclerotic cataracts,
blepharitis, keratitis, glaucoma, and macular abnormalities. These complications

have not been reported in heart or renal transplant recipients treated with MMF.
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9. Respiratory effects

In clinical trials involving renal transplant patients, respiratory infection
occurred in 22 % to 24 %, dyspnea occurred in 15 % to 17 % of patients,
increased cough occurred in 13 % to 15 %, and pharyngitis occurred in 9 % to 11
% of patients. After cardiac transplantation, the following adverse effects were
reported: infection (37 %), dyspnea (36.7 %), cough (31.1 %) and sinusitis (26
%). i

10.Rash

d =l

reported occasionally ci'ut:ng M £

Leg cramps or pain, bog;g:;.«nn,‘ mya , and hand cramps have been

12.0ther

. K ‘L&%lf’fliﬂ&m‘ﬁ WENS
B RARIRSRNBITRHEAR e

observed in renal and heart transplant recipients during MMF dosing, including
cytomegalovirus (CMV) infection (gastritis, retinitis, colitis), oral or
gastrointestinal candida infection, bacterial pneumonia, and herpes simplex or
zoster infection. In one series of 75 patients receiving MMF for reversal or
refractory renal allograft rejection (usually combined with maintenance
cyclosporin and prednisone), the overall infection rate was 40 %; the most
frequent infections were due to CMV (17 %), candida (9%), herpes zoster (4 %),

and herpes simplex (3 %). These incidences were considered normal for highly
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immunocompromised patients. With relatively high doses of oral MMF for
treatment of psoriasis, upper respiratory tract infection symptoms and flu-like
symptoms were reported in 21 % and 17 % of patients, respectively. For all of
these infections, incidences remained relatively constant during continued therapy

(for up to 13 years).

o Carcinogenic effects

One of the mos VZ@ therapy with oral MMF in earlier

studies involving ?ﬂen‘ wasid-n-natlon with malignant neoplasm,

including adeno colon, basal cell carcinoma,

carcinoma of ) istiocytic | homa, glioblastoma multiforme,

and squamous i ‘the epiglot one series, neoplasms were
reported in 6 o | r longer than 1 year; these
patients were 52 d had received the drug for
periods of 3to 11 y tﬁlgil’ ¢ inconclusive regarding a cause-effect
relationship, the possi ’ty'ﬂa T | pment during prolonged treatment
with MPA or MMF shoJk‘f\.g;ibo 3 ind. This is of particular consideration
in patients with a hxstoﬁr"gf“ rci ted_studies employing MMF in
heart or rena itis patients, malignant

Sﬂﬂmmmwmm
mg*a Sty ekl in1h; e

cardiac transplant patients in clinical trials.
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