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Dose finding study of PSC833, a novel MDR reversing agent, with daunorubicin
and ARA-C in untleated elderly patients rvith acute myeloid leukaemia (AML).
P. Sonneveld, B. Lowenberg, P. Vossebeld, J. Malkhandi, A. Covelli, A.W. Dekker,
G. Ossenkoppele, D. Mill igan, G. Verhoef, A. Ferrant, J. Yin, A. Gratwohl, T.
Kovacsovics and A. Burnett. Uriversin Hosltital Rottertlum, AZ-VU Anrstertlum,
AZU Utrecht, The Netlterlund.r; Medicul Re"'ear<'h Council; Heurtlunds Ho,sltitul,
Birminghum, Munchester kryul Inlirnrury, Mun<:hastar, UK; UZ Gu"'tlui"'ber14,
Lcuven, UZ St Luc, Bru.rsel.r, Belg,ium; Kwilottsltitul Bu,rcl, CHUV, Luusunne,
Nrn,urtis Phunnu AG, Busel, Switz.erlund.

In elderly de novo AML patients, up to 80% express the Multidrr.rg Resistance
phenotype. In AML, CR rates of P-glycoprotein (Pgp) positive vs uegative subjects
were recently fbund to be 347o vs 67Vo respectively, with the probability of attaining
CR declining markedly with age. We report the results of a dose finding study to
deternine the MTD of  daunorubic in (DNR) i .v .  (days l -3)  g iven in combinat ion
with fixed doses of a P-gp inhibitor, PSC833 l0 mg/kg/24 h iv (days l-4) and Ara-C
200 ntglm'124 h (clays l-7), in patients aged 60 or above with untreated AML. l9
patients, median age 67 (range 60-72) entered coholt I (35 nrg/m' DNR). I l/19
patients corlpleted 2 cycles of chenotherapy, 6/19 patients experienced dose
limiting toxicities (DLTs), (cardiac: 2, infection; 2, hypotension: 2) of which 2 were
lethal. 20 patients, median age 60 (range 60-83) entered cohort 2 (45 rng/nr' DNR).
7/20 patients completed 2 cycles, with 8/20 DLTs (ARDS: l, hypeLbilirubinaemia: l,
nucositis: 2, cardiac: I haeurorrhage: 3), of which 7 were lethal. Prolongation of
treatment induced hypoplasia was not observed. Steady state PSC833 blood levels
exceeded the level requiled for inhibition of P-gp (urean 3-524 ng/ml- days l-4). The
overall treatrrent results were 48Vo CR atter I cycle (16/39) or 2 cycles (3/39), 137"
refractory disease, 28Eo $eatnlent failure (early death or regeneration tailure), l07o
not assessable. DNR 45 mg/m' induced a higher CR late (60Eo), but this was
associated with increased toxicity with'7/20 patients dead in CR. Thus, DNR 35
rng/nr' was established as the recourmended close to be adntinistered with PSC833
and Ara-C in this population, giving a CR rate of 427o and a median duration of CR
of 9.4 months. AML blast P-gp expression including CD34 subfractions was
assessed in 33/39 patients by flowcytornetry using MRKI6 and UIC2 staining and
Rhol23 exclusion.  2 l133 sanrples (64Vo) were P-gp posi t ive.  l l l2 l  (52V")  of  P-gp
positive as compared withTl12 (58%) Pgp ne_gative AML achieved CR.

PSC833 in combirration with 35 mg/m' DNR and Ara-C was well tolerated.
Based on these lesults, the efficacy of PSC833 is cut'rer.rtly undel tLrrther
investigation in a randomized, controlled phase 3 study.
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A phase I dose-finding study of PSC 833, a novel MDR reversing agent, with
mitoxantrone, etoposide and cytarabine (PSC-MEC) in poor prognosis acute
leukemia (AML). G. Visani, D. Mill igan, F. Leoni, J. Chang, S. Kelsey, R. Marcus,
R. Powles, S. Schey and A. Covelli. Policliniut S. Orsoh, Bohtgna, I, Heurtluntls
Hosltital, Birmingltan4 UK; Policlinico tli Careggi, Fircnz.c, I, Cltri,rtie Hospitul,
Munclre,ster; Rrryul Lorttlott Ho,rltitul, London; Atldailtntok',r NHS Tnrst,
Cunhridg,c; Rrn'ul Murstlatt Hosltitul, Srtton; Gut,'.t HospituL Lontlon, UK; Nrnurti.t
Phurnu AG. Bu.rel. CH. Svvitz.erLauL

The failule of conventional chemotherapy in relapsed or retiactory AML and
other poor risk groups has been linked to expression of the multidrug resistance gene
(MDR-l)  product  P-glycoprotein (p-gp).  PSC 833 (PSC) is  a compet i t ive inhib i tor  of
P-gp and has been shown in vitnt and in vivr; to l 'estol'e sensitivity to anticnncer
drugs (ACDs). Twenty-two patients with pool prognosis AML, i.e. refi 'actot'y to
first-l ine induction or relapsing with l2 months of attaining conrplete remisision
(CR), were enrolled into a phase I study. The median age of these patients was 42
years (range 18-69 years): 8 patients had primary refi 'actory disease, 7 each had
relapsed within 6 or 7-9 nonths afier CR, respectively. Six patients had secondary
leukenria. The induction regin.ren consisted of ala-C I glnt'/day fbr 6 days iu
combination with continuous infusion intravenous (CIV) PSC and 6-day courses of
escalating doses of mitoxantrone and etoposide: the doses of PSC and ACDs in the
three cohorts are reported in the tbllowing Table. In all coholts, CIV PSC was started
corrcomitantly with a 2 rng/kg loading dose given iv in 2 hours. Patients achieving
CR were scheduled to receive a 4-clay PSC-MEC consolidation cycle.

X Etoposide
(mg/n'/d x 6cl)

Mitoxantrone
(nrg/m'/clx 6cl)

PSC 833
(ng/kg/d)

Patients
(n)

r U 3 .0 l 0  o v e l  1 6 8  h l 0

2 30 4.-5 l 0  o v e L  1 6 8  h 6

-) 30 4 . 5 l0 over 144 h 6
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capable of in vitro MDR-I modulat ion. Final ly, the observed CR rate (2110)k

higher than what is would be expected based on historical controls (10-197o) inthis
high r isk populat ion. The legimen wil l  be turthel tested in a randor.nized phase II I
tr ial  in lefractoly/early-relapsing AML patients.
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Expression of the lung resistance protein (LRP) predicts poor outcome in ile
novo acute myeloid leukemia. R. Pirker' ,  G. Pohl, T. Stranzl,  R.W. Suchomel, R.l
Scheper, U. Ji iger, K. Geissler, K. Lechner and M. Fi l ipi ts. Divisiort r4l Oncoktg\ und
Division rlf' Hemutoktty, Depurttnent r4l' Itfternul Medit:ine I, Universitv o.f Viennu
Meditul Sclutol, Viermu, Austriu; Department r2l Patfutktgtl Free Universit\
Hosltitul, Amsterdum, The Nethe rluuls.

The l l0 kDa lung resistance protein (LRP) is ovel 'expressed in P-glycoplotein.

negative rr.rr.r l t idlug-resistant cel l  l ines and most l ikely involved in the mult idrug
resistance (MDR) of these cel l  l ines. To determine the cl inical signif icance of LRP,
we have studied LRP expression of leukemic blasts and i ts associat ion with cl inical
outcome in 86 previously uutreated patients with de novo acl l te myeloid leukemia
(AML). LRP expression of leukemic blasts obtained f i 'om peripheral blood or bone
marrow was deternrir.red by immunocytocherrist ly by nreans of ntonoclonal antibody

LRP--56. LRP expression at diagnosis was detected in 3l (367o) patients. LRP

explession was independent of age and sex of the patients, FAB subtype. cytogenetrc
abnormali t ies and LDH levels, but correlated with white bloocl cel l  count (p = 0.01),
Eighty-two patients received staudflrd induction chernotherapy thf l t  included

cytarabine and MDR drugs (daunorubicin in most patients, addit ional etoposide in

the majori ty of patients). The complete remission rate of induction cherlotheLapy
was'72Vo (957o CI = 6l-827o) fbr the total study populat ion. The complete retnission

rate was SlVo (957o CI = 67 -917o) fbr patients without LRP expression but only 557c
(95Vo Cl = 36-747o) for patients with LRP explession (p = 0.Ot). Ovelal l  survival

and disease-f l 'ee sulvival wele calculated according to Kaplan-Meier in 82 and 59
patieuts, respectively. Overal l  survival was signif icantly longer in patients without

LRP expression than in patients with LRP expression. At l  median fbl low-up of 16

rnonths, n'redian overal l  survival was l7 months (957o CI = I2-38 months) for LRP

rregative patients but only 8 months (95% Cl = 4-12 months) fol posit ive patients (p
= 0.006). Disease-free sulvival was 9 months (95o/o CI = 7-l  I  months) for LRP

negative patients and 6 nronths (95Vo g1 = -5-8 ntonths) tbr posit ive patients
(p = 0.078). Outconre was best in patients lacking both LRP and P-glycoprotein

expression. In conclusion, LRP pledicts fbr poor outcome and thus the LRP gene

appears to be another cl inical ly lelevant drug resistance geue in AML.
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Deoxycytidine kinase expression and activi ty in ara-C resistant cel l  l ines and

sanrples f i 'om nervly diagnosed acute leukemias. D. Mart incic, V. Kravtsov,

M. Koury, V.l .  Avramis and J.A. Whit lock. Dit, i ,r iott  o. l '  Petl iutr ic

Henutolog1/Orypkt11\, Vutulcrbilt UriversiN, Nushville, TN; Division ol

Hemutrthtgt/Oncoktg\ Childrens Hos1titul Los Angele:;, Los Angcles, CA.

Phosphorylat ion of ala-C by deoxycytidine kinase (dCk) plays an esseutial t 'ole

in ara-C activation. Loss of dCk activi ty has been associated with resistance to ara-C

in leukenric cel l  l ines. The lole of decreased dCk activi ty i tr  t , i t to is not clear. We

analyzed f ive ara-C resistant cel l  l ines and seven sanrples f iom newly diagnosed

acute leukenrias tbl possible molecular nrechanisms of resistance to nra-C. Al l  cel l

l ines and samples were analyzed fbr resistance to ara-C using. nricrocultut 'e kinetic
(MiCK) assay. DCk protein activi ty was determined using [H']  cleoxycyticl ine as a

snbstlate in the presence of excess thymidine. DCk mRNA levels wele assessed by

semiquanti tat ive PCR. DCk point t lutat ious we're investigated using

dideoxyfingerprint ing (ddF). Ara-C resistant cel l  l ines CEM/CHLAI-5 were del ived

florl  the ara-C sensit ive parental cel l  l ine CEM. Al l  5 cel l  l ines denroustrated

resistance to art-C by the MiCK assay comparing with parental cel l  l ine. However,

the degree of resistance varied. Five of 7 cl inical leukenric sanrples demonstrated

ara-C resistance by the MiCK assay. MDRI ovet 'expt 'ession wyts not detected by

semiquanti tat ive PCR in either the cel l  l ines or four ara-C resistant cl inical samples.

Seuriquanti tat ive PCR revealed decreased levels of dCk rnRNA expression in the

resistant cel l  l ines compat'ed with parental cel l  l ine; relat ive dCk expression
(as detelmined by densitometry) correlated with the degree of resistance to ara-C.

Four of 5 leukemic samples resistant to ara-C express decreased levels of dCk

mRNA, con'rpared to an ala-C sensit ive cel l  l ine. DdF analysis of tul l  length dCk

mRNA coding sequence did not leveal any point mutations. DCk activi ty was

reduced iu three resistaut cel l  l ines conrpaled with the sensit ive parental cel l  l ine.

Studies of hypernrethylat ion in these cel l  l ines showed that dowuegulat ion of dCk is

due to hypermethylat ion of the [4] cgcg boxes in the dCk pronroter region. These

results suggest that a) regulat ion of dCk explession at the transcl ipt ional level ntay

confer resistance to ara-C; b) trauscript ional legtr l l t ion is clue to DNA

hyperrnethylat ion of the dCk promoter region.
Two dose limiting toxicities werc observed in cohort I (2 grnde 4

hyperbilimbinenia >14 days), 2 in cohort 2 (a gmde 4 Nuccositis and a glade 4 2S2l
hyperbilirubinenia >14 days) aDd one in cohof 3.(agrade4 rlfin>I4 days). Sirc€ In vitro drg resistance as important prognostrc fsctor in two prospectiv€
feioDgdurat ionofgrade4hype$i l i rb inemiaobseredincohofs l .nnd?.*o"f l l . . tuaio in"hi idhoodal l .C'J.L-Kaspen,M'L 'benBoeL'R.P
1o be secondary to the prolonged infusion of Psc. this was shoneDedtry 24 holT^,I v* wetug, A. van Der Does,Vin Den Berg and A.J.p. Veel.man. A(a/emtc
cohol t3 'Phfmrokinet icofPscwasevalua'edin,aI lpat ieDls: t ' loodlerelsofPScf l , - i f lv i 'Amief l ! ]n;CoALLstuI l rGf ' t tp;Hunhur8;
afrer rhe loading dose mng€d liom 1200 to 6000 ng/mlil-6 ILML over l,6prtie rs kt*enid sttldr Group: The Haxue,The Nitherknin..
xchieveJ CR rnd l8 l0 i lcd chenrorherrpy.  Causes ior  lh i lures i r rc luded: I0 ref tactory
l e u k e n i a ' 2 a n o w r e g e r r e r a t i o n r h i l u L e s , 2 e a f a " " r ' ' " " J z i i " i " . * , . o i " ' c e l l u l a r d r U g r e s i s t a n c e i s a n i m p o r t a n t f a c t o l . i n t h e

ourdataindicatet-hat the*gi-*"r rsc-Mic," iJ"ao." .* . i in .J"uo*rorcheDoth€rapy'wehavesnccessful lydetemrinedcel lu lardrg
the third cohon. is wen tolel'ated. grooo reveis ;t piC ar.e actrhwa which are color;metric 4'days MT'T assay ir 293 children with untreated ALL| 152 children

r
vAscLf,d

treated bi

Protoaols{
1996 ad
stratified C
wer€ eac,)
Combinid
decrease I
profile, vit
the most'f

'itdepende

aliq fount
clinical n
general !
prospectir
797o tt'td
respective
risk (LR)
LR grou;
resistant I
md 56%,
independr
stratificat
be stratifir

2522

Growth
myelomt
R.P. Ca
Birmingh

Juvet
myeloger
oathogen
the Ras 1
GM.CSF
deregula
in all ty
oncoprol
active ir
reaction,
tumor d,
pathway
demonst
demonst
untreAtel
had NFI
The prot
once, 2t
control
L-739,
complet
patient r
When I
CFU-GI
inhibitir
exposur
farnesyl
they ma
respons

2523

Charac
domain
O. Ricl
Brig,lut
Institutr

P-sr
c[-granI
membri
express
that the
the sot
membr
storage
intlamr
domair
recomt
replace
the firs
growth
blot an
P-selec
ler,rkoc
was de


