Treatment of Refractory and Relapsed Acute Myelogenous Leukemia
With Combination Chemotherapy Plus the Multidrug
Resistance Modulator PSC 833 (Valspodar)

By Ranjana Advani, Hussain |. Saba, Martin S. Tallman, Jacob M. Rowe, Peter H. Wiernik,
Joseph Ramek, Kathleen Dugan, Bert Lum, Jenny Villena, Eric Davis, Elisabeth Paietta,
Manuel Litchman, Branimir I. Sikic, and Peter L. Greenberg

A potential mechanism of chemotherapy resistance in acute
myeloid leukemia (AML) is the multidrug resistance (MDR-1)
gene product P-glycoprotein (P-gp), which is often overex-
pressed in myeloblasts from refractory or relapsed AML. In a
multicenter phase Il clinical trial, 37 patients with these poor
risk forms of AML were treated with PSC 833 (Valspodar;
Novartis Pharmaceutical Corporation, East Hanover, NJ), a
potent inhibitor of the MDR-1 efflux pump, plus mitoxan-
trone, etoposide, and cytarabine (PSC-MEC). Pharmacoki-
netic (PK) interactions of etoposide and mitoxantrone with
PSC were anticipated, measured in comparison with histori-
cal controls without PSC, and showed a 57% decrease in
etoposide clearance (P = .001) and a 1.8-fold longer beta
half-life for mitoxantrone in plasma (P < .05). The doses of
mitoxantrone and etoposide were substantially reduced to
compensate for these interactions and clinical toxicity and in
Cohort Il were well tolerated at dose levels of 4 mg/m?
mitoxantrone, 40 mg/m? etoposide, and 1 g/m? C daily for 5
days. Overall, postchemotherapy marrow hypoplasia was

TIENTS WITH ACUTE myeloid leukemia (AML) who

achieved in 33 patients. Twelve patients (32%) achieved
complete remission, four achieved partial remission, and 21
failed therapy. The PK observations correlated with en-
hanced toxicity. The probability of an infectious early death
was 36% (4 of 11) in patients with high PK parameters for
either drug versus 5% (1 of 20) in those with lower PK
parameters (P = .04). P-gp function was assessed in 19
patients using rhodamine-123 efflux and its inhibition by
PSC. The median percentage of blasts expressing P-gp was
increased (49%) for leukemic cells with PSC-inhibitable rho-
damine efflux compared with 17% in cases lacking PSC-
inhibitable efflux (P = .004). PSC-MEC was relatively well
tolerated in these patients with poor-risk AML, and had
encouraging antileukemic effects. The Eastern Cooperative
Oncology Group is currently testing this regimen versus
standard MEC chemotherapy in a phase Ill trial, E2995, in a
similar patient population.
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PSC, and the level of AML blastiMDR-1 expression, using

have relapsed or are refractory to conventional chemotherfunctional as well as flow cytometric analyses.
apy, as well as those whose disease develops after antecedent

chemotherapy or prior myeloid stem cell disorders have poorer

MATERIALS AND METHODS

prognoses and responses to chemotherapy compared with thosePatients. This study was an open-label phase Il multicenter trial

with de novo AMLL-3 Overexpression of the multidrug resis- initiated in June 1995 and closed to accrual in February 1997. The

tance MDR-1) gene product P-glycoprotein (P-gfjs one of protocol was approved by the Institutional Review Boards and Human
Subjects Committees of all participating institutions. Eligibility criteria

the mechanisms associated with poor responses of these fOmﬂnscluded patients with a diagnosis of AML by the French-American-

of AML. Anumber of adverse prognostic variables such as agepijish classificatior?! with the following characteristics: (1) early
CD34 expression, cytogenetic pattern, or secondary leukemigsiapse, ie, 6 months after first complete remission (CR); (2) refractory
(because of prior cytotoxic therapy or an antecedent myelodysto chemotherapy, either to initial induction or at first relapse; (3) relapse
plastic syndrome) have also been linked to P-gp overexpresafter autologous or allogeneic bone marrow transplantation (BMT); (4)
sion’-10 Cells that overexpresbIDR-1 are cross-resistant to
several important antileukemia drugs including anthracyclines
and epipodophyllotoxins (eg, mitoxantrone and etoposide)
Cells with the MDR phenotype are characterized by lowe
intracellular drug accumulatiéh'? concomitant with reduced
sensitivity to these agent$:13 Center, Bronx, NY; and Novartis Pharmaceuticals, E Hanover, NJ.
Several agents capable of modulating and decredsivig-1 Submitted February 6, 1998; accepted September 28, 1998.
in vitro, such as quinine, tamoxifen, calcium channel blockers, Supported in part by by National Institutes of Health grants R-01 CA
cyclosporine, and its analogue PSC 833 (PSC; Valspodar§2168 (B.I.S.), U-01 CA 21115 (East.er_n Cooperative Oncology Group),
Novartis Pharmaceutical Corporation, East Hanover, NJ) hav nd M-01 RR 00070 (General Clinical Research Center, Stanford

. . . . . . niversity School of Medicine); and by research funds from Novartis
been used clinically, including evaluation in preliminary studlesP

- ! 61418 . harmaceuticals, Bristol-Myers Squibb, and Immunex Corporations.
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second or greater relapse; (5) secondary AML or AML evolving from followed by staining with goat anti-mouse antibody conjugated to
myelodysplastic syndromes (MDS) or myeloproliferative disorders fluorescein isothiocyanate. Gating of the leukemic blasts on the flow
(MPD) (not chronic myeloid leukemia). Patients were also required tocytometer was based on linear forward angle light scatter and right
have a left ventricular ejection fraction af50%, Eastern Cooperative angle side scatter and validated using an extensive diagnostic antibody
Oncology Group (ECOG) performance status of 0 to 2, hepatic andbanel?”’ The absolute percentages of “P-gp expressing” gated leukemia
renal function testss2 X normal, age of 18 to 70 years, and no cells were compared between cases and used in the statistical analy-
evidence of active infection or central nervous system leukemia. Sis28:29

Chemotherapy treatment.The chemotherapy regimen is based ona P-gp function of leukemic blastsTo test for P-gp function, the
modification of a prior MEC regime#?, using reduced mitoxantrone uptake and efflux of rhodamine-123 was monitored by flow cytometry
and etoposide doses because of anticipated pharmacokinetic (PK) leukemic cells gated according to scatter properties and antigen
interactions related to coadministration with PS@23PSC (Valspo-  profile282° Cells were prestained with phycoerythrin (PE)-labeled
dar) was administered as a pretreatment loading dose at 2 mg/kg overahtibody to CD34, or CD33 if the cells did not express CD34, and then
hours, with a concomitant continuous infusion at 10 mg/kg/d for 120incubated with 2 pg/mL rhodamine-123 for 30 minutes at 37°C in the
hours (5 days). Chemotherapy began immediately after completion of a@ark. In control experiments, neither the anti-CD34 nor other antibodies
4-hour loading dose of PSC. Two dose levels of chemotherapy wereised in these double-labeling studies interfered with P-gp function.
used. In cohort 1, patients received mitoxantrone 5 migglimtravenous ~ Subsequently, rhodamine release was measured over a period of 60
(IV) bolus, days 1 to 5; etoposide 50 md/oh days 1 to 5; and minutes at 37°C in the absence and presence of PSC 833 (10 umol/L) or
cytarabine 1 g/fid, days 1 to 5 administered IV as a short infusion over cyclosporine A (15 pmol/L). Our preliminary time-course studies of
1 hour. Because of excess toxicity in this cohort as described below, ithodamine release over a range from 30 to 120 minutes at 37°C had
cohort I, the dose of mitoxantrone was reduced to 4 nigamd established that optimal sensitivity of the assay was achieved at the
etoposide to 40 mg/fn A bone marrow aspirate and biopsy was 60-minute time point. Cell lines used for standardizing P-gp detection
performed between days 8 to 10 (3 to 5 days after completion ofand function were the resistant 8226/Dox6 myeloma cells and their
chemotherapy) to assess adequacy of marrow hypoplasia. Hematopdensitive parent line, 8226/s (both provided by Dr W. Dalton, Moffitt
etic growth factor support with granulocyte-macrophage colony-Cancer Center, Tampa, FL). To quantitate P-gp function, the relative
stimulating factor (GM-CSF, Sargramostim; Immunex, Seattle, WA) or change of the maximum mean rhodamine fluorescence channel over the
granulocyte colony-stimulating factor (G-CSF, Neupogen; Amgen,60-minute time period was recorded selectively in the double-stained
Thousand Oaks, CA) administered daily after marrow hypoplasia wagrhodamine/PE-antibody) cell population. Measurable rhodamine efflux
recommended but not required in the protocol. Twenty-nine patientsvas defined as a channel shift®20%. This parameter was based on
received growth factor support (11 with GM-CSF, 13 with G-CSF). Five our experience in de novo AML patients that a mean channel shift of
patients received both of these drugs as they were crossed over at the20% was not reversible by PSC 833 or cyclosporine in vitro and was
individual investigator’s discretion. If residual leukemia was present ininvariably associated with low P-gp expression le¢&.
the marrow at this time, the induction course was repeated for 3 to 5 Pharmacological and PK studies.For PSC levels, samples of
days depending on residual blastic cellularity (% of blasts relative to thevenous blood were obtained before the start of the PSC infusion and just
overall cellularity calculated as the product of % cellularity and fraction before the mitoxantrone doses on days 3 and 5. For mitoxantrone and
of blasts). Treatment was administered for 5 days at identical doses as ietoposide, baseline venous blood samples were obtained before mitox-
the first course if the blastic cellularity was 10%, and for 3 days if it was antrone administration on the 5th day of chemotherapy, then at the end
5% to 10%. A maximum of two induction cycles was permitted to of the etoposide infusion (1.1 hours), and 2, 6, 8, and 12 hours after the
achieve bone marrow hypoplasia (i&;5% blastic cellularity). If start of mitoxantrone infusion.
disease persisted thereafter, the patient discontinued the treatmentWhole blood PSC concentrations were determined by radioimmuno-
protocol and was considered to have failed to respond. Patients whassay (ANAWA Laboratories, ‘Zich, Switzerland). Etoposide and
achieved CR were scheduled to receive consolidation treatment witimitoxantrone were analyzed by modifications of previously published
PSC-MEC for one cycle. Toxicity was assessed and graded using thkeigh performance liquid chromatography meth&t%
ECOG Leukemia Common Toxicity Criterfa. Noncompartmental PK analyses of etoposide concentration-time data

Measurement of responsePreviously established response criteria were performed using the XLPHARM M-IND program (VKPharmaco-
were used® CR required adequate marrow cellularity witts% blasts  kinetics, Turnhout, Belgium). PK data for the PSC-MEC patients were
documented at the preconsolidation evaluation, no peripheral blasts, asompared with a historical database of 20 patients treated with
absolute neutrophil count1,500/uL, platelet cours=100,000/uL, and  etoposide alone in other trials at Stanford Univer&it§2 The sampling
no evidence of extramedullary leukemia. Partial remission (PR) re-times for mitoxantrone in this study were not sufficient for characteriza-
quired all criteria as in CR except that the bone marrow may havetion of the alpha (distribution) and gamma (terminal elimination) phases
contained 5% to 25% blasts, or the bone marrow+1&&6 blasts, inthe  but did allow for characterization of the second (beta) elimination
presence of moderate thrombocytopenia (50 to 100,000/uL). Failurehase, 1/2B. These data were compared with those previously pub-
was defined as leukemia-associated or caused by early death (ie, withiished for mitoxantroné*
30 days of completion of treatment). Leukemia-related causes of failure Statistical considerations. One-tailed Wilcoxon rank testswere
were refractory disease (inability to achieve hypoplasia despite twaused for statistical analysis of age-related clinical responses and for the
cycles of chemotherapy) and regrowth resistance, a term used toomparison of immunophenotype and PSC inhibitable funct®n.
indicate cases in which>25% bone marrow blasts were noted on values of .05 were considered significant. Remission duration was
recovery despite adequate marrow hypoplasia having been acRfeved.defined as time to relapse or death from the date of CR. Overall survival

P-gp expression of leukemic blastd_eukemic blast cells from bone  was measured from the initiation of induction treatment until death from
marrow or peripheral blood were evaluated for P-gp expression andiny cause. Overall survival and remission duration were estimated by
function at the study’s central laboratory (Dr Elisabeth Paietta, Albertthe method of Kaplan and Mei&h.PK analyses of etoposide and
Einstein Cancer Center, NY). Monoclonal antibody 4E3.16 to acorrelations with patient clinical data were tested for normal distribu-
P-gp—specific cell surface peptide epitope (provided by Dr R. Arceci,tion using the Wilk-Shapiro statistf.Differences in PK parameters for
Children’s Hospital, Cincinnati, OH) was tested on mononuclear cells.etoposide between the PSC-MEC and historical groups were compared
Cells were incubated with 4E3.16 for 30 minutes at 4°C in the presencaising the Mann-Whitney test with an a priori level of significance of
of 6% heat-inactivated serum to reduce nonspecific antibody bindingP = .05 (two-sided). For mitoxantrone, 95% confidence intervals for
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the T-values were calculated for the PSC-MEC group and compared Table 2. Response of Poor-Risk AML Patients
with that of the previously published tri&l. Nonoverlapping 95% to Induction Therapy With PSC-MEC
) . L I S 38
confidence intervals indicated a statistical significand@<t.05: Patients CR (%) PR Failed
RESULTS CohortI*n =6 1 (17%) 1 4
CohortIlt n = 31 11 (35%) 3 17

Thirty-nine patients were entered into the trial, of whom 37
patients were evaluable for response. Two patients were ineli-  otain = 37 12 (32%) 4 21
gible and removed from the study (1 patient was diagnosed with - - -

. . . *Cohort | patients were treated with mitoxantrone 5 mg/m?/d,
active tuberculosis after protocol entry but before starting ) ) )

d ther develoned hvootension within an hour Oef*toposuje 50 mg/m?/d, Ara-C 1 g/m?/d plus PSC for 5 days.

treatment _an ?‘no . P yP tCohort Il patients received 20% lower doses of mitoxantrone (4
the PSC |nfu5|on_ and did not re?ewe MEC Cherr_‘omeram/)'mg/mzld) and etoposide (40 mg/m?/d), with similar cytarabine and
Pretreatment patient characteristics are shown in Table Ipsc doses as for cohort | for 5 days.
Disease categories of the 37 evaluable patients entered were

early relapse (= 11), second relapse (A 5), secondary/post  Three of 13 patients (23%) over 60 years old achieved CRs
MDS-MPD (n= 10), refractory AML (n= 7), and relapse after compared with 9 of 24 patients (389860 years old. In the
BMT (n = 4). The median patient age was 54 years (range, 27 tQroup of 6 patients in cohort | there was only one CR whereas in
70 years). cohort 1I, 11 of 31 patients (36%) achieved CRs. The median
Chemotherapy responsesCohort | doses of chemotherapy time to document achievement of CR after starting chemother-
were used to treat the first 6 patients. All six patients developeqalpy was 52 days (range, 20 to 77 days). For patients treated with
marrow hypoplasia. Among these patients three early deathgne cycle of chemotherapy this was slightly shorter (51 days;
occurred (ie, within 30 days) because of severe mucositis a“?ange, 20 to 77 days; & 7) compared with those who required
infection with prolonged marrow hypoplasia in 5 of the 6 o cycles of treatment (59 days; range, 51 to 72 days;5).
patients. Therefore, for cohort Il patients$n31), the doses of Nine patients in CR received consolidative therapy, including
mitoxantrone and etoposide were reduced 20%, as described ¥}y with consolidation chemotherapy (four with PSC-MEC, one
Materials and Methods. Twenty-three patients received ongyith fludarabine plus cytarabine, and one high-dose cytarabine).
cycle and 14 received two cycles of chemotherapy. Thirty-twogyerall, five patients have undergone BMT, four in CR (two
of 35 patients (2 were not evaluated for hypoplasia) who hadyjiogeneic, two autologous) and one in PR from a matched
postchemotherapy bone marrow examinations achieved adinrelated donor. The median remission duration for patients
equate marrow hypoplasia. Twenty-one of the 37 patient;chieving CR was 6 months (range, 0.7 to 13 months) with a
achieved marrow hypoplasia with one cycle of treatment (4 of 6yedian survival of 8.3 months (range, 5 toH8nonths). The
in cohort |, 17 of 31 in cohort II). overall median survival was 6.0 months (range, O to-18
Overall, 12 patients (32%) achieved a CR and four achieved gyonths).
PR. The treatment failed in twenty-one patients (Table 2). The Tyenty-one patients failed to respond to therapy, as summa-
responses and failures were evenly distributed between diseaggeq in Table 4. Twelve patients died during the hypoplastic
categories and occurred within both cohorts (Tables 2 and 3)geriod, eight patients had leukemic regrowth resistance, and one
patient had leukemia that was refractory to treatment.
Table 1. Clinical Characteristics of Poor-Risk AML Patients Toxicity. Grade 3 or 4 mucositis occurred in 3 of 6 (50%)
in This Study patients in cohort | and in only 6 of 31 (19%) patients in cohort
Il. Other significant toxicities included transient mental status
changes and transient peripheral neuropathy in 1 patient each.
Age: median 54; range, 27 to 70 years old No ataxia was reported. Transient hyperbilirubinemia was an
Gender: male = 23, female = 14 anticipated side effect of PSC therapy, as previously re-
ported-33 bilirubin levels of 1.5 mg/dL occurred in 34 of 37

Characteristic No. of Patients

De novo AML patients 27 9204 . . . o . .
Early relapse 11 (92%) patients in cycle 1 and in .1.2 of 14 (89%) patlent§ in
Refractory AML 7 cycle 2. The median peak serum bilirubin levels and peak times
Second or greater relapse 5 to reach this level after starting each course of chemotherapy
Relapse post-BMT 4 were similar for those requiring one or two courses of induction

Duration of 1st remission <6 months* 20
Prior salvage therapy 15 Table 3. Relationship of Leukemia Responses to Patient Subgroups
Prior salvage responses 6 Faited

Unfavorable cytogeneticst 11

Antecedent hematologic disease 10 Refractory/Regrowth  Early

. Total CR PR Resistance Death

Unfavorable cytogeneticst 7

Total no. of patients 37 Early relapse 11 2 1 4 4

*Duration of first remission, including six patients with prior sal- =Second relapse > 2 1 ! !

' Secondary AML 10 4 2 1 3

vage efforts. . _ Refractory AML 7 3 0 2 2
tAbnormalities of chromosome 5 and/or 7, or complex (=3 abnor- Relapse post-BMT 4 1 0 1 2

malities).
fRefers to AML developing after myelodysplastic syndrome or

Total patients 37 12 4 9 12
myeloproliferative disorders (excluding chronic myeloid leukemia). P
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Table 4. Causes of Treatment Failure for PSC-MEC Induction Therapy
in Poor-Risk AML Patients in This Study

ADVANI ET AL

Table 5. P-gp Expression and Function in Leukemic Blasts From 19
Patients in Whom P-gp Expression, Rhodamine Accumulation, and

Inhibition of Rhodamine Efflux by PSC 833 Were Measured

Cohort | Cohort Il Total
i 0, - — 0, 0 -
Death d.urlng hypoplasia PaNtlc‘f.nt Posi/ii\F/)eg(’:)ells* Chaf:n'\gf::ift’r Pos/?ti/[féells Response
Infection 3 6 9
Arrhythmia 0 1% 1 PSC 833 Inhibitable P-gp Function
Myocardial infarction 0 1t 1 3 53 30 98 E
Hemorrhage 0 s 1 8 40 34 97 E
Leukemia-associated 9 54 47 94 PR
Regrowth resistance 1 7 16 35 40 97 CR
Refractory 0 1 1 19 27 43 45 F
20 45 29 95 CR
Total 4 17 21 22 77 47 16 E
*Fatal arrhythmia in the setting of severe hypokalemia in a patient 34 96 90 88 F
receiving amphotericin infusion.
tFatal acute myocardial infarction in the setting of a severe hemo- PSC 833 Noninhibitable P-gp Function
lytic anemia. 2 6 42 82 E
fFatal subdural hematoma while thrombocytopenic. 10 16 33 4 E
18 1 46 86 F
21 17 69 51 F
treatment: median 2.6 mg% (range, 1.5to 27.7 mg%) on median ,q 40 35 25 E
day 5.5 (range, 2 to 23 days). The hyperbilirubinemia was 30 20 70 85 F
transientin 27 of the 33 patients in whom follow-up values were 39 37 38 27 F
available, and resolved in a median of 10 days (range, 4 to 19
days). The 6 patients with persistent hyperbilirubinemia had No P-gp Function
contributing factors in addition to PSC administration, such as 2 0 2 PR
infections, sepsis, and hepatitis. Clinical responses were not 4 7 0 6 CR
related to the bilirubin level or time course of bilirubin 5 13 0 28 F
elevations. 7 3 0 73 F

One patient developed a possible allergic reaction to PSC appreviation: F, failure.
(hypotension within 1 hour of the PSC infusion despite =9, 4£3 positive blast cells.
premedications) and was taken off study before receiving tThe relative rhodamine-123 mean fluorescence channel shift from
chemotherapy. Twelve deaths occurred on study, 3 of 6 in cohotbaseline (maximal dye uptake and retention) that occurred during a
I and 9 of 31 in cohort Il (Table 4). Nine of the 12 deaths were 1-hour incubation of cells at 37°C (to induce dye efflux) was expressed
caused by infection (cohort I, 3 of 6 patients; cohort |1, 6 of 31 as percent of maximal dye retention (100%).
patients) and were unrelated to the number of induction cycles. . )
However, the infectious deaths correlated with PK parameterdian 95%v 51%,P =.02), Table 6. In 4 patients no measurable
as discussed below. One death was caused by an arrhythmigodamine efflux function was noted, associated with low
secondary to severe hypokalemia, one myocardial infarctiorft=3-16 and CD34 expression on the blasts (Table 5). No patient
occurred in the setting of a hemolytic anemia, and one patienf2d appreciable P-gp expression without rhodamine efflux.
died of a subdural hemorrhage related to thrombocytopenia. IS0, none of the patients with CD33-positive/CD34-negative
Results of P-gp and CD34 analysed-gp expression/ blast cells showed classical PSC 833 inhibitable rhodamine

function and CD34 expression were evaluated in all patients fofTux activity. _
whom adequate bone marrow sample quality and volume were NO cOrrelation was shown between P-gp expression and
obtained. Detailed data are presented in Table 5 and a collated
summary in Table 6. In 19 patients, rhodamine efflux was

measured as an index of P-gp function, and is listed as the %
mean channel shift in Table 5. Rhodamine efflux was detected
in 15 cases. Ten of these cases had relatively increased P-gpNO of P
expression (27% to 96% of the leukemic blasts stained with the patients

Table 6. MDR-1 Analysis of Blasts From AML Patients Obtained
Before PSC-MEC Induction Chemotherapy

Leukemic Blast
Immunophenotype

CD34* (%)

) ' P-gp Function Median (range) Median (range)
453.16farrl1tlt()jody_) (Tables_ Shglgd (;)I IB 8 of thes_ehlSh patients, t?e PSC 833 Inhibitable 49 (27-96)* %5 (16981
efflux of rhodamine was inhibitable by PSC with the extent o PSC 833 noninhibitable 17 (1-40) 51 (4-86)
inhibition of function ranging from 45% to 100%. In these 8
patients the median proportion of blasts expressing P-gp was 15 Total 37 (1-96) 85 (4-98)

increased, 49% (range, 27% to 96%) compared with 17% Leukemic blasts were evaluated for MDR-1 immunophenotype

(range, 1% to 40%) in the 7 patients with PSC noninhibitable : ' prenoiyp
. - . using the 4E3 monoclonal anti-P-gp antibody. MDR-1 function was

P-gp fu_nCtlon'P = .004 (Tab_le 6). Flgu_re 1 shows P'Qp_ evaluated using the rhodamine-123 efflux assay and its inhibitability

expression and the corresponding rhodamine-123 efflux activity,y psc, as defined in Materials and Methods.

in two representative patients. CD34 expression was also higher «p = o4, psc 833 inhibitable versus PSC 833 noninhibitable.

in the PSC-inhibitable versus PSC noninhibitable blasts (me- t,=.02, PSC 833 inhibitable versus PSC 833 noninhibitable.
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Fig 1. P-gp expression and the corresponding 00 101 162 182 10v 3o 181 182 s Fe
rhodamine-123 efflux activity. The two left flow P-glycoprotein expression Rhodamine content @ 1 hour
cytometer contour plots (a) reflect P-gp expression
as measured by staining of blast cells with antibody
4E3.16. Cells in the lower right quadrant are positive
for 4E3.16, whereas cells in the left lower quadrant
are negative for 4E3.16 because they lack fluores-
cence above background. The two right flow cytom-
eter cytograms (b) show cellular rhodamine-123 fluo-
rescence after 1 hour of cell incubation at 37°C in
CD34-positive blast cells. A shift of rhodamine-123 o
fluorescence from the right upper to the left upper 2 21
quadrant reflects cellular efflux of rhodamine-123.
Patient #1 showed P-gp expression in a small sub- 21
population of blast cells and lacked measurable E
rhodamine-123 efflux activity despite CD34 expres- o3 .
sion. In patient #2, P-gp was detected on >90% of -
blast cells and these blast cells showed marked % . N S . :
rhodamine-123 efflux activity, which was inhibitable 10 10' 102 108 104 10° 10 102 10° 10
by PSC 833 (data not shown). P-glycoprotein expression Rhodamine content @ 1 hour

PATIENT #2

)

oo

response to therapy in these small groups of patients. In th&.4-fold higher mean mitoxantrone area under the curve (AUC)
patients with PSC-inhibitable rhodamine efflux there were 2and a 1.6-fold higher mean etoposide AUC when compared
CRs, 1 PR, and 5 failures, whereas all 7 patients withwith cohort Il (n= 28). PK parameters correlated with toxicity.
noninhibitable efflux failed therapy. Two responses were ob-Early deaths caused by infections occurred in 9 patients.
served in the 4 patients with no rhodamine efflux (1 CR andPatients with PK studies, 4 of 11 (36%) who had high AUC
1PR). values (etoposide-80 pgXx h/mL and mitoxantrone-160 ngXx

In addition to the 19 patients for whom sufficient material h/mL) versus 1 of 20 (5%) with lower AUCs, had infectious
was available for P-gp functional studies (Table 5), 7 patientsearly deaths,F = .004). The mean plasma AUC for mitoxan-
had flow cytometric measurements of P-gp and 10 for CD34rone in patients with infectious early death was 253nky/mL
expression. Among these 26 patients having P-gp expressiogompared with 105 ng h/mL for the remaining patient®(=
studies, 14 (54%) hag:20% blasts positive for P-gp, 4 (15%) .031). The mean etoposide level in this latter group was 98 pg
had 10% to 19% positive blasts, and 8 (31%) had0%  h/mL compared with 60 ug h/mL, P = .66. No correlation
positive blasts. The median % of CD34-positive cells in the 29was observed between PK values and remission rates.
patients tested was 76% (range, 2% to 98%), and 25 of these 29
patients had>20% CD34-positive blast cells.

PK data. Whole blood PSC levels-1,000 ng/mL, which DISCUSSION
correspond to serum PSC levels of 1,500 to 2,000 ng/mL, were This study showed encouraging antileukemic effects and
achieved in all 33 patients. These levels of PSC are known t@cceptable tolerance of the PSC-MEC regimen in patients with
substantially inhibit P-gp in vitr8? Median whole blood PSC poor prognosis AML. Recently, Estey et*ahave proposed
levels were 3,070 ng/mL on the 5th day of infusion (range,placing poor-risk AML patients in four categories that corre-
1,390 to 10,460 ng/mL). lated their responses to conventional treatment with presenting

PK variables of etoposide during 30 courses of PSC-MEC inclinical features. These patients were categorized as being in
23 patients were significantly different from etoposide without one of four prognostic risk groups, based on their background
PSC in a historical control grou:32 These data show a 57% treatment history. Group 1 had expected CR rates of approxi-
decrease in clearance of etoposide, from 1.17 to 0.50 B/h/mmately 70% (patients with a first CR lasting2 years being
(P = .001). During 30 PSC-MEC courses in 28 patients, thetreated with conventional therapy); Group 2 had expected CR
mean /23 for mitoxantrone was 3.6 hours (95% confidence rates of approximately 40% (patients with a first CR duration of
intervals 3.3 to 4.0 hours), which is 1.8-fold longer than 1to 2 years being treated with conventional treatment); Group 3
previously reported for mitoxantrone in the absence of PS(patients had expected CR rates of approximately 10% to 20%
(mean, 2.03 hours; 95% confidence intervals 1.4 to 2.7 hours(patients with a first CR lasting1 year, or with no initial CR,
P < .05)3441PK data for patients in cohort | (s 3) showed a who were receiving their initial salvage attempt with conven-
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tional treatment); and Group 4 patients had expected CR rates @ven in elderly patients. Transient reversible hyperbilirubinemia
<1% (patients with an initial CR<1 year, or with no initial CR,  attributable to PSC blockade of bilirubin excretié# was
who were receiving a second or subsequent salvage regimenpserved in most patients.
having not responded to a first salvage attempt with conven- Our PK analyses showed a 57% decrease in clearance of
tional drugs). Virtually all of our patients (26 of 27 patients with etoposide compared with historical controls without PS5,
de novo AML) are categorized as being in the very poorFor mitoxantrone, the mean/B3 was 1.8-fold longer than
prognostic risk Groups 3 and 4 (Table 1). The remaining 10previously in the literature for patients treated in the absence of
patients in our study had poor-risk features related to theiPSC344'These findings for mitoxantrone are likely an underes-
having developed secondary AML after an antecedent hematdimation of the effect of PSC on mitoxantrone PKs, because our
logic disease (Table 1). sampling times did not allow determination of the characteristi-
Despite these poor-risk features, antileukemic effectivenessally long terminal gamma elimination phase for mitoxan-
of PSC-MEC was shown, with 12 CRs (32%) being achievedtrone3* Our observations are in concert with the previous
among the 37 patients treated (Table 2). Responses occurred @bservations of the effect of PSC on etoposide or mitoxantrone
all subgroups of patients entered in the study (Table 3). ThePKs#%4°These PK interactions of these drugs are also consis-
overall early mortality rate of 30% (12 of 37) is comparable tent with clinical, laboratory, and animal model observa-
with that occurring in patients receiving other salvage proto-tions?%5! and corroborate the need for dose reduction of
cols#345 Most of the deaths (9 of 12) were secondary to mitoxantrone and etoposide when they are combined with PSC.
infections during the period of hypoplasia (Table 4). This Correlative evaluation further suggests that early deaths were
complication was unrelated to whether the patient received on®K related, particularly in patients with high mitoxantrone
or two cycles of PSC-MEC induction therapy but correlated AUCs. These PK data have been separately reported in éktail.
with the described PK parameters. The expression of P-gp in de novo AML blast cells is
The median time to achieve a CR was relatively long (52generally lower than that occurring at relapse or in patients
days). This slow hematopoietic recovery (despite use of GM-whose disease was refractory to chemotherapy or post-MDS/
CSF or G-CSF in 29 patients) was likely multifactorial, ie, MPD.11135253The predictive value of P-gp as an independent
related to the specific drug regimen itself, plus to the patientsmarker for treatment failure in AML is controversial, with
prior therapy, relatively elderly ages and secondary types ofmost->*55put not alt”#8studies showing that P-gp expression is
AML, all of which may contribute to prolonged postchemo- correlated with a poor prognosis. Prior studies have suggested
therapy cytopenia®:*’ These data indicate the need for some the importance of measuring the efflux of rhodamine to assess
delay during the period of recovery before determining re-the function of P-gp and its potential blockade by modula-
sponse, as well as the need for prolonged postinductioriors?8295456|n the report herein, the median level of P-gp
supportive care in patients receiving this treatment regimen.  expression (using the monoclonal antibody 4E3.16) was higher
For these poor-risk patients, an important therapeutic aim ofn blasts from patients with PSC-inhibitable rhodamine efflux
such a salvage regimen was to enable the option of BMT, whichthan in those whose blasts lacked this effect (48%%,P =
was performed in 5 patients. After achievement of CR, 9 of the.004; Table 6). It should be noted that no consensus has been
12 patients received consolidative therapy, including 4 withreached in the First MDR Detection Methods WorksRop.
BMT. The median remission and survival duration of patientsThere is currently no published agreement as to the extent of
achieving a CR were 6 and 8.3 months, respectively. Thehodamine-123 efflux which is predictive for clinically relevant
median overall survival for all the 37 patients was 6.0 months.P-gp function.
These values are comparable with prior studies with similar In this study, all 10 patients whose leukemia cells were
patients?248 positive for P-gp with 27% to 96% staining by 4E3.16 also
PSC is 2- to 10-fold more potent than its parent compoundshowed efflux of rhodamine. In addition, there were 5 patients
cyclosporine for modulating MDR in vitro and in vivo in animal  with low P-gp expression and high rhodamine efflux, indicating
models!®20|n this study, target blood levels of PSC capable of the possibility of another rhodamine transporter in these leuke-
in vitro P-gp modulation were achieved in all patients and weremias. Rhodamine efflux in these 5 cases was not inhibitable by
maintained for the 5 days of administration of this drug. This PSC. It has previously been shown that drug efflux mechanisms
finding, plus the tolerability of the drug, indicated effective unrelated to P-gp exist in a subgroup of AML patiet#among
dosing of PSC with this regimen. Anticipating substantial PK the 10 leukemias expressing high levels of P-gp, two showed
interaction between PSC and the MDR-modulated agents usedoninhibitable efflux, suggesting the coexpression of one of
for treatment of leukemia, the doses of mitoxantrone andthese non-P-gp rhodamine transporters. The expression level of
etoposide used for cohort | were significantly reduced comparedP-gp in patients with noninhibitable P-gp function was signifi-
with the doses used for these drugs without P$%2223These  cantly lower than that found on blast cells from patients with
doses were also lower than those previously used for MEC irinhibitable function. Correlation between P-gp expression and
combination with cyclosporint. Despite reduction of the response to treatment in this study could not be made in this
mitoxantrone and etoposide doses, the initial six patients treaterklatively small group of patients. However, none of the 7
(cohort I) experienced substantial hematologic and gastrointegatients with noninhibitable rhodamine efflux achieved a remis-
tinal toxicity. Therefore, for cohort 11, the doses of mitoxantrone sion.
and etoposide were further reduced by 20%. With these lower A recent preliminary report of a randomized study using
doses of mitoxantrone and etoposide, adequate marrow hypoplauinine as an MDR modulator plus intensive chemotherapy for
sia was achieved and the drugs were relatively well toleratedAML post-MDS and high-risk MDS patients indicated that
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quinine increased the CR rate and disease-free survival in 4. List AF: Multidrug resistance: Clinical relevance in acute leuke-
patients considered to be P-gp positive, but not in those whdania. Oncology 7:23, 1993

were P-gp negative®. Other recent preliminary investigations 5..Gottesman NM., Pastan I: Biochemistry of multidrug resistance
using PSC plus chemotherapy for relapsed and refractory AMLmedlated by the multidrug transporter. Annu Rev Bioch 62:385, 1993

have also shown encouraging res@h&t In contrast, a recent 6 Sikic BI:.ModuIatlon of rpult.l drug resistance: At the threshold. J
study not showing a benefit of PSC plus chemotherapy had glm Oncol 11:1629, 1993 (editorial)
7. Campos L, Guyotat D, Archimbauld E, Calmard-Oriol P, Tsuruo

dlff.erllng exlperlmental design .and marked reglmen-relatedT' Troncy J, Treille D, Fiere D: Clinical significance of multidrug
toxicity, which may have Comr'bUted to the relatively poor yesistance P-glycoprotein expression on acute nonlymphoblastic leuke-
clinical outcomes of those patierfts. mia cells at diagnosis. Blood 79:473, 1992
There is increasing evidence that mechanisms in addition to 8. Marie J-P, Zittoun R, Sikic BI: Multidrug resistancedrl) gene

P-gp contribute to the MDR resistance phenotype in humarexpression in adult acute leukemias: Correlations with treatment
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