
Thai J Pharmacal; Vol 27: No 2-3, May-Dec 2005. 157 

DRUGS 

Cytarabine 

Laddawan Senggunprai 

Department of Pharmacology, Faculty of Medicine, Khan Kaen University 

Abstract 

Cytarabine is an effective chemotherapeutic agent for the treatment various form of 
leukemias, particularly acute myelogenous leukemia (AML). Action of cytarabine is 
dependent upon intracellular phosphorylation, via cytidine kinase, to its active metabolite 
cytosine arabinoside triphosphate (Ara-CTP), the nucleotide responsible for the inhibition of 
DNA polymerase and can be incorporated in place of normal substrate of DNA synthesis, 
dCTP. Generally cytarabine is used in combination with an anthracycl ine in the treatment of 
AML. These regimens induce high complete response rates in newly diagnosed AML 
patients. However, clinical outcome is unsatisfactory, as most of the patients will eventually 
relapse and often with resistant disease and poor response to subsequent therapy. Efforts to 
improve clinical outcome for refractory or relapsed AML patients have focused on 
developing more effective combinations of antineoplastic agents. Several studies have shown 
the achievement of significant progress in the treatment, for instance the combination of 
topoisomerase-I inhibitor, topotecan or irinotecan, with cytarabine. Moreover high dose 
cytarabine therapy (HDAC) has represented a major focus of interest in AML clinical 
research as post-remission treatment. Many studies have demonstrated that repetitive HDAC 
offers substantial advantage in terms of prolonged disease free survival duration and 
diminished cumulative incidence of relapse, especially in subtype t(8;21) and inv(l6)/t(l6;16) 
AML patients. 
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Cytarabine 

m cytarabine L UIJ!J1LV!jjtl1tim~ihh•al'lllmwm !Jnl'l-l'mn h•1im~~ tillilta1w1m-mmu'llillil LlilUL\!Wl• 

acute myelogenous leukemia (AML) fllWBnql'lt'llv~ cytarabine ma~mvl'um•'ln!Jfll'l phosphorylation 

mu 1m'llaa'1murnu hiJ cytidine kinase tvlo lli'tiililtUIJ active metabolite ?lo cytosine arabinoside 

triphosphate (Ara-CTP) Ara-CTP 1fllJl'l~UU~~nl'llh~lU'llB~ DNA polymerase tta•1fllJl'luttl'l'lOl'i1tiJ1 

hlmu DNA 1um•U11Jnl'lll~tflTI•li' DNA ttl'llJ~ dCTP ~~tUIJ normal substrate 1mmJn~\1•1il' cytarabine 

fJJJnu anthracycline 1um1-lmfl AML ~~1'11r.Jam1-lmfl~mu1•l'iu1'1U1 tt~ati11 h~vn1JiJnwum1tiimm1 
• ;, ~ 1 JI ~ JI 1 ._., • ~ ~ ~ d d ... " 1 • ._., naut ulJ'lfltJB1 'lALtarnl'llil B!Jl tO\il'llU IJfJ u1U lil11JIJ\11lJA1llJWU1UllJl'l\l•t WlJ fJil ol t 'j\J !Jfll'j'jfllfl fl u1U . . 

AML lmmi!Wl• 1 m1'i'tti.imam1ua1~am1-l'fft11 (refractory AML) tta•l>i'~naumi'.imm1'lla1 hvi iinmu1'la~ • • 
\11ni'l11ii'fom1-lni;1uli1 (relapsed AML) lmum1!l1lJl!l1~1JlJl lil'filJnum cytarabine ~~1'la1um1flni;11'11L'Ja 
;, d' 1 ' . 4 d ., ;, 1" • Lu!Jl'llJlWB \I t!!Ufll'l!Jl topotecan 1'118 irinotecan 'lf~BBnql'IGtulJ topoisomerase-1 inhibitor lJl 'lf'l1lJOU 

cytarabine 1JBn\11nil'iJ~i'.im1flnmtiluinum11il'm cytarabine 11J'll!Jllil~11 um1-lni;1 l u1•u• post­

remission phase 1vlail1Mnum1n!i'rnllu.Jlt1a~ 11A flilfll'lflni;1wui1m1 Wm cytarabine luti!Jllil~~ lmu 

m1li1m1'la1u1 A~~ (repetitive) i'.it>Ja!l1uamilm11m1tiimm1narn lluii'1'llB~ hvitta•tvlm•u•na1m1i'.i 

ii'ivrntjttuutlaa\il lw1 (disease free survival) lu~u1u 1"1 lmmi!Wl• L IJ~U1U AML subtype t( 8;21) Ltil• 

subtype inv(l6)/t(16;16) 

. -' . 
fllttlflty : cytarabine, acute myelogenous leukemia, high dose cytarabine 
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Cytarabine 

Synonyms Cytosine arabinoside, 
Ara-C, Arabinosylcytosine 

·cytarabine 1uum1 untj!J cytidine analogs 
.,...! .,,,.,. A . IJ'llam,tl'llJl'la 4-amino-1-p-D-arabmo-

furanosyl-2 (1 H)-pyrimidinone molecular 

formula ~B C
9
H

13
N

3
Q

5 

ntJ 1nm':imrnqni! 

1~ am 1 il1 ri'i1' ma••ant1Jmua hi'lf~, . . 
"' .J • .r 1 ' • "' ·' tuUn>•U1Unl1!'1tO\lllJUill!J ut'lfaa 10\llLuUJu 

~a1:1Jl'JflililnqY1t1v1~a cytosine arabinoside 

triphosphate (Ara-CTP) l\llmTu\llau1um1Lii\ll 
... .:... "" m•mum1L1J\ll1uaaif1JUl'lo cytarabine ma Ara-

c umtl~autuu 5'-monophosphate nucleotide 

(Ara-CMP) 1\llam1'1'i1,1ullmrnuhii deoxy-

~ . . 1··· cytidine kinase 'llOUU Ara-CMP Ln\llu!]n>Ul 

phosphorylation l\llam1'1'i1,1ulJa' nucleoside 

monophosphate kinase 1lii'L1'lu Ara-CDP Lta• 

\lll1Jlii'1am1Lii\lltll]ii'lm phosphorylation 1\lla 

mu hii nucleoside diphosphate kinase 1lii'Luu 

Ara-CTP (JU~ 2) 

d "' Ara-CTP 'lf'Lu'IJ active form ifl!J110 

au&m1ff,Ll'l>i•if DNA 1\llm-huvrn'Hal!JOo 1n 

llii'Ltri 
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. 
- aua,m1'1'i1,lUlJo' a-DNA poly-

merase lLUU competitive inhibition 1VlEJ01".HLEl'1 

normal substrate 1um>ff,L1'111•ii' DNA ~'~" 
deoxycytidine-5'-triphosphate (dCTP) 1um1 

~unrnauhli 
~ ~ ' !JU!J,n>•U1Un11'1fa!JLL'lf!J DNA 

- LL'V110vl1 (incorporate) Li!11tl1u DNA 

~' ri a 111Lii\lll'l111J ii \lltl n~1 u m1'1'' Ll'l>l•ii'ma 
DNA Liiutii\llm1iiU!1',~u\llaU chain elongation 

" • d d ' 1 .r "' 1 .,(.J LUU\llU 'lf~L'l!011na nutuuna nmwanq'l'l5l'l 
.-5 ., .,J I 2 oll'laJl'lif\lllJaWl ' 

v • 

Cytarabine un'l'i1ma M1uvrnL~U"1'1111 

L~ a 111 m LL u ufotl 1 •l'll u <11m 10an\ii\ll:il!J1lii' • • 
<Ol!V ·d1· •• lh"mrn 20% '111auaam1 L!Ja 'H!JlLLUUU\llllJl 

Lffutaa\llo11 m•dim1n1••1av111uit1'i1,ma 

Lta•Ln\lltll]mm deamination ati1~11\llL~1 ma1u 

n".i~LLi:HaflVllfi~nUu inactive deaminated product 

fia arabinosyl uracil (Ara-U) m1'"1n\i\ll!JlLil1 

1 ......... """"'""'J'., 
\ii ~1 '11 u' '11> au \ii L lll n <n IJ Lu awu1•\ll um~~ q\ll 

1uL~o\llilltJ1u 20-60 mi1 80% lJaw1unilu 

aan'l1n'i1,mama1u 24 ii'ilm tlaani1 10% 

lJa'm anilu aanm,ilam1• 1 mtlffiliL tl~autL UiM . . 
m1111mLLUU continuous infusion WUilih•~UUl 

aa'1u cerebrospinal fluid (CSF) if'ni1m1111'm • • 
LLuuii\llLil1Lffutaa\llo11 m cytarabine jj011fi1~\ll 

lLUU biphasic elimination ij initial half-life 

th•mrn 1 o mi1 LLiJ•jj terminal half-life 

tl1•1J1rn 1.5-2.5 ~111N m1\i\llm liposome 
d~ .r.:.1· cytarabine 'lf'LUIJ~ULLUU1JlaanqmHUU 'll 

a1wl'um1'.im-n lymphomatous meningitis Lill 

1uila'L~aif 1J 1llffU'11a' (intrafuecal) wui1ih•iilu 

m~'q\llal)LU lumbar sac Lta• ventricle lii1' 1 

ma1u 5 ~111J~'l1il,'l1n111'm Lta•111jj terminal 

half-life atiu1u'11aia1u '· '· • • 
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plasma 

Arn-C 

cell 
Ara-C 

cytidine 

+ kinase 

Ara-CMP 

kinase (1) i 
Am-CDP 

kinase (2) 

+ Arn-CTP 

' DNA 

cytidine 
deaminase 

cytidine 
deamfnase 

deaminase 
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Ara-U 

)' Ara-U 

t ,. Ara-UMP 

intracellular 

phos p/Jorylation 

and retention 

'lU~ 2 Metabolic pathways of cytarabine 
5 

u 

rrn 1flfl1'>1fl(;Jfl1'liif Bliiil!n cytarabine 

""' .K .. co;: ' 
LO\ilnl'l\il B!Jl'I! EM L 'l!i'li'llJ•L 'l1\il B!Jl cytarabine 

na 1nL'mhiftvi11ti 

1. L'lli'lli'IJ•L~1'1!1\ilLml hif deoxycytidine 

kinase rh1111ii011n'lmu~uu cytarabine 1u1llu 

Ara-CMP ~11iiiim•UlllOl'lLIJ\ill\JB~51J 1ii'tn\il 
d,,. ~J' 

Ara-CTP 'll1Lull active product Ln\il'l!ll 
" ,_: ... ... d .r 

2. L'l!i'li'llJ•t'l11Jnl'l5'll' dCTP mml1l 

L\ilUnl'lL~IJ activity 'l!B,LBUhif CTP synthase 

L~ai'.i dCTP L~1J1J1n~ul111i1'01i.mm1'u~'q11t 

'l!E' Ara-CTP \limauhif a-DNA polymerase 
..... .?:: ..... .. .,. 
\il11lllnl•\J11l01'l51Lfl'll•l'I DNA \Mi'!l!Jl'lU 

vllt iJ 1l \Ji E 1 tJlvi' 
o' ..! ""' d 

3. L'l!i'li'llJ•t'l,IJnl'lLWIJ activity 'l!E' 

LBt.11'lfif cytidine deaminase Yi11-J cytarabine ~t1 

LU~Ullt1'lu inactive product Ara-U IJlO~ll 
4. i'.im'laV!m11Ja11n~u1unwiunu DNA 

pclymerase 'l!E1 Ara-CTP '· 
6 

Cytarabine t \'Juma1wl'u 1'111 um~-lmn 

LlfllJ•L~11JE'~"\J\JLaB\il (hemetologic malignancies) 

11a1ullilV1 lvi'ttti 

- Acute myelogenous leukemia 

- Meningeal leukemia 

- non-Hodgkin's lymphoma 

- Acute lymphoblastic leukemia 

- Chronic myelogenous leukemia 

m11-lu1u solid tumors \li1, 1 wu11!1nil•1'1i' 

1··1·' d1·~ cytarabine IJflEU \ill'Ji'I t\iluti!Wl•tlJE \'l!J1LWU1 

~1t&'lt11 4
' 

6 
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Cll cytarabine injection U'n-Waii 1 lZLLri~ 
u1uoi1u1li IV infusion L\ill'Jfl11t~B\ll11'111ii11'1 

a1'ia:::a1u 5o/o dextrose Vl~B normal saline 

tl'lmru 50 i1oaa\il1'H~amnni1 trn"1"u"na1 
11.101111.\uii'ia 30 mi1~u1tl 511'!'\'um 

cytarabine 1Ul!Ul\il~-ll'l11Ull'JllJli1eml'l1U"11 

a:::a1t1 5o/o dextrose l1~B normal saline iJ~1J1fll 

250-500 i1aaa\il1 tta"1'11mtth.11eu"nmu11.1 
1-3 ii'11m UBfl\llflfl111ii'l'llL\ill'llli IV infusion 

mi'ii'i-imimn111m1\ill'l1lim1il\iltttJU SC, intra­

thecally ttae intraperitoneally '111'1fol!l.ll\ill'll 1u 

m1'\'nm L\ill'/Yi'11 Ul!B-l cytarabine injection 1.i'ttri 

- 60-200 mglm 
2 
/day L\il1'111i continuous 

IV infusion 5-1 o 1u&i\il~ai\'u 
2 • - 100 mg/m IV or SC 11.!oe 

&i\ilciai\'u 5 1u L\ill'l1il'llnn 1 2s 1u 
' 

10-30 mg/m
2 

intrathecal 3 

2 - 1,000-3,000 mg/m IV over a 

period of 1 to 3 hours 'l'Jfl 112 ih1m t\lunm 
3-611.1 

2 ~ ~ G - 10 mg/m SC 'l'Jfl 12 'lf1LlH ttlunm . ' 15-2111.1 

. ~ 

fl1f11'>'1l1~tflfN 

Cytarabine ria 1 ii'tn\il!llfl11ii1-i tAl'l-l 1u 

'Hi111'11euu2
-

5 
onset l!fl-lfl11t0\ilfllfl11ii1-iti'im 

' 1 .J \ill-I 1 tti1\il-l U\ill11-ll'l 1 
1. 1eurnih1w 

Cytarabine iJqriBLll'U potent myelo­

suppressive agent !h 1ii'tO\ilfllfl11iil-ltAl'l-l1.i'ttri 
' . d • 

leucopen1a LU'I::: thrombocytopen1a 'li\lVOJYlfl'U 
•• , • • J. 
'lfl-lU fll'I ttae\'4Ull11"<i11'1 \il\11-l tfl\illJUUl-l 

• • ,¥ 1 WU myelosuppress10n tfl\ill!Ullll'I I.I 4-

12 1u 'Ha-l\llfl 1.i'i'ul'll trnemlJ11n recovery M 
mu 1 u 2-3 atlwTH iil-lii'uw<i1t \lu.i'a-i&i\il\illlJl>rn 

blood count llfl-l~U11'11m"m1'ffilii"l'um cytarabine 

tlllJarim.1'ile1'111'111u course cia1tl 
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~ ... .J .., .,. 
a1m1m-i t I'! m t fl 1'11 flu 1euum-i t \ill.I !111'111 

1.i'ttri l'l~u 1'1' mt~uu ~-it\lumm1~'11.1wuili\'u 
l!l.ll\ill'll~1.i'fo trnea11.111nu a-ii\'u 1oioi11'11'/lttrl 

• d • " Bll:Vtl'U, LUBB1Vll'J, 'Ylf.l\llr;itl, metallic taste, 

ria-itl1flilmauttoet\luttl'Jo, metw1em1m5mau, 

.Jrniau5mau, tmo1uria-im-lt&ium1'!11 
3. r:i1,,,,r, 

wum1tn\il mm1il1-ltArnm1 f;j1'Hu-i Mtiaa 
d 1 • ' <lf-.'.l ~LLn erythema, skin ulceration, alopecia, 

pruritis, urticaria LLa::: cellulitis 

4. mu 
mm1il1-iti1m trim nu.Ju 1.i'mi m1Yi1-i11.1 

l!en.Juf;j\ilun&i jjm1t yjlJ~Ul!a-iu'lmrurnu hif 
1u.lu ttoetO\ilm1e hyperbilirubinemia 

5. 1eumheain 

1u~ffioi'l'um cytarabine 1uv1.11\il~1wui1 
"" 4'<>. " ... ., cl lJ ~u \ii fl11Wl! a-i fl11 t n \ii a1fl11v1-i tl'lmm-11 euu 

tl1emntl1emru 16%-40% a1m1il1-itAl'l-l~ 
tO\il;1.1ll'mnYi~ui\'ua1.1a-iti11.1 cerebellar 1.i'ttri 
~ ~I ., 
Cf'U«'W, ataxia, nystagmus, slurred speech Lu'WVl'W 

wui1a1m1\letO\il 1uri1-i1u~ 4-5 l!B-lfl11fom 

ttae'ileriau1 :flui'iu1uafl 4-71ucialJ1 tt\il11.1~u1a 
m-i 1"11.1wui1 a1fl11m-i1euuu1emn him1J11n 

Wui'iunaulJ1 M 1111mmt1-iva-ia1m1il1-iti1a-i 
' 

m-i1euuu1eainjjm11Ja1Jwuili\'uvu1wmffioi'iu 

a1uva1rJ'u1a twA fl11Yi1-i11.1l!a-i&irntoe1\il 
' . 

• • ~ ti d • 
fllfll1~1-ltl'l!J-iau 1m-i1euu 1ea1nnwuuaa 

1t9i'url peripheral and sensory neuropathies, 

bracial plexopathy, bilateral rectus muscle palsy, 

parkinsonism, dizziness, seizures LLC't::! headache 

6. 1euumai'il 

a1 fl11ii1-i t~ u-i t~l'/1i\'meuumu1'ii1.i'ttri 

respiratory distress syndrome, sore throat, 

esophageal ulceration, esophagitis, pulmonary edema 

7. 1euul'Ha1'iau1li~w 
., "" .J ... .J' 1 • ' fllfl11'lf11tl'l!J-ll'ltfl\il~U \ilttfl cardiomegaly, 

pericarditis ttae thrombophlebitis 
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8. 1111 
V ..0 .J :'J 9/ I 

fl101'1'lJ1'3l'"1f.F.l'Yl'V'4U LflLLn urinary retention, 

hyperuricemia 

9. Gil 

m cytarabine ·rh1itfi111ainwiJ1,tfiu' 
.J • 1· ' .J tnu1nuCJ11 ~Ufl conjunctivitis, keralitis 'lf'l'i:fllJl'HJ 

Uo,n\J Mlii'1um11il'm11m1vl\ill glucocorticoid 

tt<J•li11 itn\il photophobia 

10. ~\J'] 
,.,..,.,J,J,J.,., 

mm1m,tAU,B1J 'J'Y!WU'll't~um1 "Ara-C 

1• ' ·' • .l' syndrome" \ilttn mm~u11'1n>•lljmtammm1JB, 
<:i "' ~I 1v ' "" d .d t'ilu11m1m, tu\J ll, Bomwau, \llltt\il,trn•r-m'Yl 

~i111l'' 01m1t11~1dirn'il•tiil'lii'1J11'1'1il1n 11ii'fom 

Laddmvan Senggunprai 

corticosteroids 

tlli ii"ll'll nu I'll ~'IJ 
1• ' • dfl • 

1. m1 '11m cytarabine ~·uinummu\JW'tl 

t>io11'1 (nephrotoxic drugs) ilr-rna\ilm1ri1~\il 

Ara-CTP 1111n'il1n~1,nwli11 it vllJ 111m<l~'il" 
tiil'l81n11W'tl'il1nm11il' cytarabine 

2. Cytarabine ilr-rna\ilm~ll)\il'illJllB' oral 

quinolones ua::; digoxin 

3. Cytarabine ilt>Jaa\l\U>•~'Ylllmwllo'm 
"' . ~ flucytosine t1J<J"1nuumm1 uptake m flucytosine 

ll°'tii'11n' 

..; "" !V ... 1 v 4 5 7-14 
111111~'11 1 Onset llB'm~tn\ilaim1'111,tA!N'illnm1 '11m cytarabine · · 

Organ site Side effect Onset 

Hematologic Myelosuppression E 

Gastrointestinal Nausea and vomiting 

Diarrhea E 

Stomatitis E 

Abdominal pain E 

Dermatology I skin Rash E 

Alopecia E 

Hepatic Elevated liver function tests E 

Hepatotoxicity E 

Central nervous system Cerebellar toxicity I to E 

Seizures 

Peripheral neuropathy E 

Respiratory Respiratory distress syndrome 

Pulmonary edema E 

Ocular Conjunctivitis E 

Reproductive Infertility L 

Others Ara-C syndrome 

Fever I to E 

I: immediate onset (hours to days), E: early onset (days to weeks), L: }ftte onset (months to years) 
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1. m~i'li' cytarabine iu&Jih!J acute myelogenous 
• 

leukemia 

Acute rnyelogenous leukemia l1ifl acute 

myeloid leukemia (AML) 11'18 acute nonlym­

phocytic leukemia (ANLL) ~8 hl'llm~Hrn 
~ ~ dd . bid'. ':i:::'UUL'tlflVl"lft.IVll1ti..:J'ln'WU unmature oo -1orm1ng 

cell ~1mumn8u1m~8\ilmdllm•\iln L'llaifm<i1d . . 
• l.J • I ~I 0 ~ ~ 

••~muaumLu<NLu1JUJ\ilrn8\ilm1'11U\il granulocyte 
""' d • .f ' Lrn• monocyte 'll~••L'WlJ'llJ1UlJ1J8Ul~lJlnlJlU 

L'iuni1 leukemic blasts LLviLUm'llaif~liiam.i1ru 
LLa• liimm1111'11lnr1~hl\il1lJtln&i Lrn•1umu 

"' "' .-.Jn I "' 
m•mum1il~Ll'l1l•'YIL'llaa\'lun\il 

Cytarabine LlJ'U first-line chemo­

therapeutic agent lunl'l'l'fft11 AML 88nql'l~ 
LUU S-phase specific drug l\iluii'1ltlll'mhml'li' 

TilJOU anthracycline (daunorubicin hydrochloride 

11'i8 idarubicin hydrochloride) U8n•1nm 
. 1 'V d • "' .. d 

cytarabine ••~nmm 'llL'W8fl1•\iJL'llaalJ•L1~ 

(remission) ~~LUum11li'm1 u~h~LL10ll8~fl11 

~nWl~L°1EJn11 induction regimen Luf1 tll cytarabine 

a~ i1tl1dl'Ylii.fll'W~l mh11J 8~ consolidation 
.j~I v .J,v 

therapy '111LuUfl11101'11L'W8fl1•\il leukemic cell 
_,J.., .... I d J'I CJ CV .fl : 
\'lU~'Yla~L 'Yla 88\!Llll•L 'W8U 8~0Ufl110aut uU'lll 

ll81hl'I (relapse) Lrn•luifN maintenance therapy 

~im'liunu mh~ hn\il1lJii1LuJi1m cytarabine 

••ii tl 1• ill'liim 'W~ uvi ii !lJ'Yll~ll' n• •'WU L<l!J 81 u 
n11foi;1~U1!J~8 fl11LO\il early disease 

R"f ... ..f ' 115-17 
recurrence Llll•u!)!'Yllfl11LO\ilfl11\il8\il8Ul 

~11'11 l li'i1m10ni;1m1 l'Jliilnmnum10 nmLMm 

num1tl1 cytarabine m 1tl'~1lJnum'llil\il~u 1 

lum1foi;1 AML l\ilmll'Wl• relapsed Llll• 

refractory AML ~~ll'n•"l~r.Jalum1foi;1vi8u 
ii'11~1 relapsed AML 'YllJl!Jii1~u1u~naumi1 
mnw11a~ 11l'liinmum1'1•1n~Mfonwl'ni;1LLli'1 
a1u refractory AML 111nuii~~u1uffii.i\il8UllUa~ 
vianwl'nm m1tl1mlJ11tl'~1lJnudwfornL ~a 
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L vilJu1dll'lli.fll'W 1 um1Znm L WlJ complete 
v ~ ,§ ' 

remission rate ua:::avriJVl';llfil':iLOVlOl'lVHJVlfltll 

' " lJa1L'llaa1J•L1~ 

i1m1flnmm~l'lliilnlu1•!J" Phase 1111 

L<iua11u~1u1utl 2004 i1hl1'11m1fln1:11r.JalJITT 
,. d ,,~, 

fl11tlfm topotecan lf~aanql'lmuu topoisomerase-1 

inhibitor -;i1iu)u cytarabine 1u~tl1t1 relapsed or 

newly diagnosed myelodysplastic syndrome 

(MDS) LLa• chronic myelomonocytic leukemia 

(CMML) Llil" relapsed AML jj~lJ1mii'1i11Jlu 

m1An1ll 21 l'JU (11 l'llJbUU AML LLa• 10 l'JU 

LUU MDS1CMML) ~u1mLvia•AU MZum1foi;1 

\ill!J regimen ~~d 1.25 mg!m' topotecan l\il!J 

1l1uuu continuous intravenous infusion 'Y!n1u 
LUUL1al 5 -Ju Llil" 1.0 g!m' cytarabine l\ilulli' 

LLUU infusion LUm"u•rnn 2 iht1J~ 11nl'u LUU 

na1 5 -Ju 1aulla~m111'i'm.J1~a 28 -Ju ~u1u 
M'Zum111'i'm.J'.ni'nm\il 37 1au ~am10nm'Wui1 

d .J ... 
non-hematological side effect \'l'WUIJl0\'1~\ill'lfl 

a1m1lii' ~~'Wu1u~U1!J 17 1l!J (89%) 1ii'WU 

&Ju1mifoii'l \ill ti 8~•1nm ni1wi;•1nm LL viii • 
&Ju1u 2 11mlluii'l\ilmalu 1 L~au11a,Lii'1~11J 
• 
l um1AnM1Ltia1•1nm1ohL ilu 1tllla1 hl'I lum1 

AOl:ll'WU complete remission 1u~U1!J 7 1l!J 

(33%) ~~LUu~u1u AML 4 11u, 'WU partial 

remission 1u~U1!J 8 1l!J (38% ), 1ii'WUfl11 

Ltl~umLtla1lJa1hl'I 2 11u (10%) Llil"'Wui1jj 

m1ohLilu ltlllrn hmvi1J~u 1u~u1u 4 1l!l (19o/•) 

~amtll'h median remission duration lJfl1tJU1!J ' . 
AML atj~ 11 atl\illtt (2-49 atl\illtt) Lta• 

smviva] time llfl~~u1uatj~ 32 atl\illtt (2-119 

atl\il1tt) m10ni;1tla1tlr.rni1 topotecan mm111tl1 

1J11tl'i11JOU cytarabine L~mvi1Jtl1•ill'liilll'Wlu 
m1Zn1:11&Ju1u AML LLa"ai1J1111tl1m ltl'l\il"l u&Ju1u • • 
mu 60 i'l111alJ1nni1L'1111"~"uii'1~tlm1\il.ii'u" • 

lui'I 2005 i111u~1um1AnM1L~mnum1 
1
• .,J ,,,, • 
!lm irinotecan !l'aanql'15LuU topmsomerase-1 

inhibitor L'liUL~mnum topotecan ii~tl1•ill'liilll'W 

1 . 1~· ..... ' ,J ' .J ""' Ufl111Jl!Jl !f111JfftJ cytarabme 'll~nau\'l'"IJ 
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m1 fl nmm' fl~ il n fl ru"r:J'i~a 1.l:il m 1\1 mn m.Ju 

in vitro ti-:ic.sa'llB...'ln111?i'i:J1 irinotecan ~Juti'u 

cytarabine 1u human AML cell line bla"Vmi1m 

~ 2 !iil'1aanql'lllbo~lJnu1um1n1~'1b'lfoti'1J"b~' 
1 um1i1 nB1m' fl~iln 1vl'ilnw1hm irinotecan 

m1ii'~1lJll~ cytarabine L'U~U1!J~bii'1 refractory 

or relapsed AML 11i\',1nn 1~um1'lnmv11a high 

dose cytarabine LLa:-.: anthracycline chemotherapy 

~l'Ul'U 14 11!1 ~tl1mid~u irinotecan L'UV'Ul'1m 
.... !I' ... 2 

l'JlJ(il'Wl'J 5 mg/m LLUU intravenous infusion (over 

90 min) 1uo"fl.j',bU'U1"!1"nm 5 1u 11ii','il1n 

M'lu irinotecan bU'Ub101 12 ii'111M ~U1!J'il"lvl 
'iut11 cytarabine 1t.1'll'Wl~ 1 g/m 2 

intravenous 

infusion (over 60 min) V'Ul'1m~'~'1Va' 

irinotecan ?'ia 30 mg/m
2
1um1AnB1fl.f,il'!v1ilm1 

Lnuv11 mh' Lii B'1'illfl ~tl1a b vl ali1m1'l bf111"!i' 

pharmacokinetics LLa:-.: pharmacodynamic effects 

"lJB'1tl1~1tl e.Jan1'J~n'Mll"lU complete remission 

lurJtl1a 2 11!1 m1i1nmil'a1tlfJoll irinotecan . ' 
mm1nti1m 1'1i'TilJtlU cytarabine Ma~1,tloo'1il!I 

bbod1m5~lJql'lllnu1um1'lnB1 relapsed or 
19 refractory AML 

.,. ... ... d d.c< ~ 
1Jmanliu'111mmmm1um1•1nmaamn 

1ui'.I 2005 ~'tl1"~l'lilmw 1um1ti1m1iin1Jnu 

cytarabine L~B~nYl relapsed lltl!: refractory 

AML ~B clofarabine Vl~il 2-chloro-2'-fluro­

deoxy-9-beta-D-arabinofuranosyladenine ~'1 

Lll'WEll 1untjlJ second generation nucleoside analog 
.1 ~I m clofarabine aanql'lubu'U potent inhibitor of 

ribonuc!eotide rectuctase m1f1nB1il'Llium1i'inB1 

m'flailn 1u1"a" phase I/II il~tl1mli1~1lJm1 

i1nB1 32 11!1 ~m'1mffi1fori~tl1a?'ia clofarabine 

40 mg/m
2 

intravenous infusion (over 1 hr) LLa~ 

m\'1"1nlvHum clofarabine 4 ii'111J' rJti1tJ'il"M • 
-ru cytarabine 'lJ'UlCJI 1 g/m

2 
intravenous infusion 

(over 2 hr) ~tl1a M'lumii', 2 !iil'1il'1 llm"a" 

nmmu 5 1u fJom1i1nB1wu complete remi~sion 

1u~U1!1 7 11!1 (22%) bb<l"WU complete remission 

with incomplete platelet recovery 1u~U1!1 5 11!1 

Laddawan Senggunprai 

(16o/o) ~l overall response rate ~f) 38o/o :rJ~U1t1 

3 11artl:i.i'1auaua11iiam1'lnm m1i1nmil'a1tl 
' 

floll clofarabine ii~oi1mvl1Jm15"5!JmM 
d ~f d ,,. 

Ara-CTP 'lf'buum11rnnql'lu~a1 cytarabine "' 

iiflm vl1Jtl1"al'lllmw 1 um1foB1 bbo"mm1n W 

clofarabine ~1lJtlU cytarabine 1vl'ari11tloo'1il!J 20 

uan'il1nm11'1i'm 2 !iilmnlJnu 1um1'lnm 
"-'"" ,,. d 

AML m!lfll11'10BlbbUU multicenter phase III !!' 

11m1u1ui'I 2004 li1m1i1nm~amNm1Wm 

3 !iil'1~1lJtl'U 1um1'lnB1 AML lvlbbri cladribine, 

daunorubicin bbo" cytarabine L 'Ufll1A 01'11 bb U' fl tj IJ 

rJtl1aaarnllu 2 nalJ?'ia nalJ~ 1 (n=200) . ' ' 

1 •• CJJ'1Uf.11 daunorubicin + cytarabine + cladribine 

bb<l"ntjll~ 2 (n=200) ~,1.l'lum daunorubicin 

d1'" 1 1· + cytarabine V'Ul'1m1'l '111.Jbbo"nm 'Ufll1 11m 

a111'JU!Jlbbliio"vl1i'Ja daunorubicin b'YiltlU 
2 "" .,J 60 mg/m /day 1'Ul'l 1-3, cytarabine bmnu 
2 "-' .J . . ' .,, 

200 mg/m /day 1'Ul'l 1-7 bbo" cladnbme Lmnu 

5 mg!m' /day 1u1u~ 1-5 fJom1i1nB1wui11u 

n~lJ~1~~UU1 3 1filCJJ:rJ complete remission rate 

64% ~"nni1na1Jrtlmum 2 !iil'1~,jj complete . ' 
ren1ission lvi1tlu 4 ?o/o fJti1~:rJUs~1A'ty'Yll~t'fil~ 

m1Lii'1¥1B"1na1b'Yi1nu1 uii',aa1ntj1J fi1m11J 

1iT'mlluva,m1ih"a"nmva' 3-year leukemia­

free survival (LFS) '1T11fo~tl1antjmb1ni'ia 43% 

bbo"'1T11'lunalJ~aa,?1a 34% Lrn"1urJtl1a~a1a 
' " ' 

mnni1 40 i'lwui1nam,1tvl'fom 3 !iil'1il LFS 
' . 

~~'ni1ntj1J~~1vl'fom 2 !iil'1ari1,iJuaa1vl'qJ 

m'a~~ m1i1nB1il'a1tli1m1Wm cladribine 

TilJtlU!Jl daunorubicin bbo" cytarabine 1um1'lnB1 

AML iJi:.Jal'WlJ complete re1nission rate LLa~L'WlJ 
._,, 1 • 21 survival "lJB-:J~u1U CJ! 

2. n11'l'lim cytarabine ~'Ul'151 (high dose • 
cytarabine) L'U011"ltl1fl AML 

fll1'1BU5'UB11iiam1'lnB1.i°1am cytarabine 

LLa~ anthracycline 1'W~1~ induction therapy "lIB~ 

~U1!! AML ~1ii011.ruaani1 60 i'.J wui1ii 

complete remission rate 70-80o/o eJti1-:J1'1flVll>J 
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~u1a•"ii1ammilvim1nt1rn u1J.J'1~a-i hl'l~-1 cl'1 
1iJ1i;B'um1fnmvimtia-i11J1h-i consolidation phase 

vi'~ifu~nci111vi'i1 post-remission therapy l1~El 
m1fmn11J'li1-i consolidation phase iil'l1l!JfflA(jj 

ari1-imn11Jm1fmn~u1a AML
2
"'' iim1flmn 

-wui1n1'l1'1f standard dose chemotherapy 51vri'u 

consolidation phase l111'tt'~u1a AML ty;a-1 25o/o 
.d"' . 1!'1"2526 v .r 
'YltM:~~ilTV'l complete renussion 1 LV'I ' Vl1[JLVl~'t.l 

~'liil'l1l!JVWlal!J~'J" 1 ii'm1fomtt UU~\J 11J'li1-i 

post-remission t'li1Jm1tlanri1a 1~m"vin ttvitd1n . . 
'J1n'lllii'a1m10 h1vi' ~a 11J~u1amatl'amrndi-iii . ' 
ila~1i\'vianmn ~-i!l'-i 1litU1J~ila1J 1ii'mml'n21

·" 

anvmt~am1d-i~-iii~a1J1'J111m1flmnAam11ii' 
high dose cytarabine (HDAC) 11Jm1fmn~u1a 

AML 11J'li1-i consolidation phase29
-

31 ~-imnam1 
i'imn1!1'~mu1J~tl1vrn 1, ttviari1-i hnVJ11Jwui1 

il•~a\'l d-i~ii ~a vi a m1VJaua1J a-i 11J m1f mnvi'1a 

HDAC AB cytogenetic subtype ~B'l~U18 AML
32 

511J11ami-intj1J~u18 AML aamu1J 

subtype vi1-i 1 VJ11Jt1n1'!ru"m11J~vitlnii~a-ia1J~a-i 
' " ( . )d t'lli'li'l!J"t1'1 cytogenet1c abnormality 'll'lnl1\'l'.ilU 

cytogenetic subtype ~a-i~tl1aiitl1"lmt1J11Jm1!l1 

m 1ii'l'l1Vll'l"t \J 1 \Jnl1Vl BU5\JB'lvi anWln1'/ltti'l" 
m1vi1til1J1tl~a-ihl'l1vi' cytogenetic subtype ~WU 
Mtiaa11J~u18 AML 1vi'ttri subtype t(8;21) 

(q22;q22) Aantj1J~u1a~tilvi reciprocal 

translocation trEl~flu1u chron1osomc 8 LL~~ 21 

wutl1"mru 5- l 2o/o ~B'l~U18 AML, subtype 

inv(l 6)(pl 3q22)1t( 16; 16)(pl 3;q22) AB 

O~a.Jfiijnl''.iLfilll inversion Ll~:; translocation 

~a'! chromosome 16 WU 1vi'tl1"!Jlru 10-12o/o 

~"" AML trn"ll'nwu11J~{h8m~tl'a8, subtype 

t(15;17)(q22;q12) Aantj1J~wum1 fusion ~a'! 
retinoic acid receptor alpha gene (RARA) U\J 

chromosome 1 7 flu PML gene tru chromosome 

15 tilvimwJa'l'rnlJIJ PML!RARA gene tto" 

subtype ~tilVll'lll!J~VltlniiulJ chromosome 1 lq23 
BI '>'nll JJ-37 d I WUu1"!JlOJ 5-6o/o ~B'l~u18 AML 'll'lfio!J . ' 

~tl1a~VJaua1Ja'IAviam1fn,,1vi'1a HDAC Aa • 
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subtype t(8;21)(q22;q22) tti'l" inv(16) 

(p 13q22)/t(16; 16)(p13;q2 2) 
32 

11Ju 1999 Byrd tto"l'lru"1vi'11m11J~a 

n1'l0n'Ml'll8\l The Cancer and Leukemia Group 

B (CALGB) (ntj!J~l~S\'ll'll'l~ilm~mi\'uhl'l 
!J"t~'l 1 m".lum1J1'111ii) 1i~ ~am1fom~u18 

d • ' 
AML subtype t(8;21)(q22;q22) \'lal~1Ja8m1 

60 ffiutl1..:i consolidation therapy ~1tl one cycle 

HDAC ttl~autYiaui\'u repetitive cycle HDAC 

(3 cycle 11"iamnni1) lvi811J'li1'1 induction therapy 

~tl18!] n 11a1vi'fu n11fo 1'11t11 il a\J ilmt a" jj 

complete remission tilVl~\J ~til1~11J11Jm1An1'!1 
ij 50 118 jj~tJ1affivi'fo 1 cycle HDAC ~l\J1\J 

29 -:nmta"an 21 >ia1i;B'u 2 3 cycle HDAC 

11Jntj1J~M-l'u 1 cycle HDAC ""M-l'um11J 

cycle vlaii1LiJu cyclophosphamide I etoposide 

Lla::: mitoxantrone I diaziquone with or without 

filgrastim Vll!J~1.Ju ~am1An1'!1wui1 1untj!J 

~tl1affivi"fu 2 3 cycle HDAC ij 5-year disease­

free survival LLa::: overall survival u01n\il1..:ia81..:i 

ii!l'aa1ilqJl'll'l'1~ii tdm V18uilu ntj!J ~u18ffivi'-l'u 
1 cycle HDAC i;mm1An1'!1Lt5Vl'll1JV1111'1~ 2 

m1i'in1'!11'1~-iii'a1tlr.J~i1~tl1a AML 
' . 

subtype t(8;2 l )(q22;q22) ffiimum1fn1'11u'li1-i 

post-remission l1~e.l consolidation therapy v1'1t1nl'l 

1!1'm HDAC .J'.i1u11ma 1 dose (repetitive HDAC) 

ii disea<>e-free survival ua::: overall survival ~nil 

ntj!J~U18 subtype tAmtllJ~tvi'fo 1 cycle 

HDAC38 1Jan'J1nii'1tlttuum1flnmillvi'on!l1m . . 
111m1i'in1'111J~U18 AML subtype inv(16) 

d 
(pl 3q2 2)!t(16; l 6)(pl 3;q22) '11-1118-11'\.l~~ 

m1i'in1'!11uu 2004 tvi8 Byrd tta"l'lru" m1An1'!1ii' 

ii~til1~11J 48 11a~-iiimml'aBni1 60 ti ~iha . ' . 
28 1181\ilfo 3-4 cycle HDAC tto"!in 21 118 

Mfo 1 cycle HDAC ~am1i'inmwui11untj1J 

~ffivi'fu repetitive HDAC jj B"11lnl1tilvitUIJ.J'.i 

(CIR; cumulative incidence of relapse) Lri10'u 
43% ~-itl'a8ni1ntj1J~~M-l'u 1 cycle HDAC 



166 

~'ii~wrhnu 70"/, a81,iiirmhA'f)!rrn<1i\~ 
ci1u.i1 relapse-free survival (RFS) 1u~~hFiu 
repetitive HDAC iibb1Jl til'J.J~'ileiifi1\j'ni1 bbm 

a81' hnV11J.Jvmi1 overall survival 1u~t11a~' 
ffa' ntjJ.Jiifll hibb\ll nml,tllJ nl'll bA'llel1'iJaljo 

118' CIR bboe RFS LOJE11l'<Ji\~ survival analysis 

VllJ.J'lli11a' Kaplan-Meier hi'frniil,m1vJ1u~u~ 

3 bbae 4 m'lflnB1.i~,d<11ufrni1rm'rm11~u18 
AML 1mi1' consolidation therapy ii118m'l1'1i 

repetitive HDAC c;lllJl'lOoOJfl\il'llnl'lbflO!bUmh 

bbaeilu'ldl1'lllmw&ini1 regimen ~111' HDAC 
.... 3:: .., . d 

ll"'lEl'l 1 fl'1\lLL(;'l::!il1:JJ~1£J alternative therapy 'YI 

1,..,. 39,J "".t.J'., 
lJlJ cytarabine '11'1-ionl'll'IO'tllA'l,uffaOJ.iaa' 

Laddawan Senggunprai 

nm1a,1u11a' Tosi bbae.irue'° ~mh1 Hi1 

inv(16)!t(l6;16) blast cell ilm1lJbma 
d .J' IV t 

cytarabine bWlJlJ10111Jbbae cytarabine bTil\j DNA 

11a' blast cell Mmn~u uan•1ndifoilm'lflm11 

°l!El\l Braess Ui.'i::flru~41 l"l'Uil leukemia blast 1u 
~u1a inv( 16) !t(l 6; 16) AML il high 

proliferation rate ~'li:fB~fla'u-.1ilun1'Jl~:JJfll"J 
uptake Ell cytarabine L°2i'1~ DNA Lli.'i~L'lfi.'iflil 

m1J.J bmam cytarabine mn~u ~,;lb~a,•1n 
cytarabine LlhJ£Jltl".i::lil'YI S-phase specific drug 

a an q1'l~1'i'&i11rue~ L 'lfa<film1'1',bA'l1el1 DNA 

LVl°lalJ Hcl111fom'lbblhb'lfaa iii'li'u'.N liJmm'lo 1i 
m11i1V1~1J1'10Jbb1'11J cytarabinc 1um1'rnB1~tlw 
inv(l6)/t(16;16) AML hi' 

.. 
\lll'll~l'I 2 Treatment outcome of t(8;21)(q22;q22) patients by number of high dose cytarabine 

treatments 
38 

Treatment outcome measure 

Patients with AML relapse 

Number 

% 

Median remission duration (months) 

5-Year disease-free survival(%) 

95% confidence interval 

Median overall survival (months) 

5-Year overall survival ( o/o) 

95% confidence interval 

Median follow-up (years) 

081~hnV1llJfll'l1i repetitive HDAC il 

iJ il~ln OJ ?i il 111'1.i' bu w1"1 u fl' tl111~ il ill sii'il 11 ni1 " . 
::'I d "" ""' ' 1• .l' 60 u b1Jil1'110lJfll'l'10BlWU11 nl'l 'If regimen 1J 

1u~~ilo1~mnni1"H'lmvhnu 60 1'.hh11hnOJ 

illOWWBmil'leUUU'le511'J~'j1Jbb'l," vi1m11V1d~~ . . 

High dose cytarabine 

One cycle ~ 3 cycles 
p 

18 4 0.004 

62 19 

10.5 >35 0.03 

38 71 

19-62 44-89 

24.3 ,43 0.04 

44 76 

23-67 48-92 

4.7 5.6 

ilfl''llfl,11Jfll'l1'1f intermediate dose cytarabine 
" 

(2 x 1 g/m
2 IV day 1, 3 bbae 5) '1111-i'"U 

consolidation therapy 1ufl'tl111m.ilJal!JJ.Jlnni1 " . . 
~I ,J <'1 .I ' • .I ~ 1 • 60 u 'IMLu1J~1JlOJU11'1Aau1111u<1il~lmbrne OJ 

t:-Ji;in11-!ni;1~&l 43 
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1 Cycle of HDAC (n = 20) 
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~ti'ii 3 A1m1mhilet1l1ma~m~Li'ivi relapse-free survival 1urJu1u'iilvi'-l'u 1 cycle HDAC 
• I"" "" .,, 39 t u~uumuunu 3-4 cycle HDAC 

-~ 
"' Q. 
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~ 0.6 
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1 Cycle or HDAC (n = 20) 

p:; 0.03 

3 or 4 Cycles of HDAC (n = 28) 
0 
-~ 
13 04. "' . n 
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2 
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0.2 
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r-·~ 
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0 2 4 s a 10 12 14 

Time (Years) 

~tl'ii 4 A1m11Jli1'ilet1l1ma~m~t1\Vlm~narn1luJ1 (relapse) 1m7u1u'iilvi'fo 1 cycle HDAC 
v • 

• I"" ... .,, 39 
tu~UU\'YIUUOU 3-4 cycle HDAC 
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