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Abstract

Purpose—To determine whether adding the multidrug resistance gene-1 (MDR-1) modulator 

valspodar (PSC 833; Novartis Pharmaceuticals, Hanover, NJ) to chemotherapy provided clinical 

benefit to patients with poor-risk acute myeloid leukemia (AML) and high-risk myelodysplastic 

syndrome (MDS).

Patients and Methods—A phase III randomized study was performed using valspodar plus 

mitoxantrone, etoposide, and cytarabine (PSC-MEC; n = 66) versus MEC (n = 63) to treat patients 

with relapsed or refractory AML and high-risk MDS.

Results—For the PSC-MEC versus MEC arms, complete response (CR) was achieved in 17% 

versus 25% of patients, respectively (P = not significant). For patients who had not received prior 

intensive chemotherapy (ie, with secondary AML or high-risk MDS), the CR rate was increased—

35% versus 15% for the remaining patients (P = .018); CR rates did not differ between treatment 

arms. The median disease-free survival in those achieving CR was similar in the two arms (10 

versus 9.3 months) as was the patients’ overall survival (4.6 versus 5.4 months). The CR rates in 

MDR+ (69% of patients) versus MDR− patients were similar for those receiving either 

chemotherapy regimen (16% versus 24%). The CR rate for unfavorable cytogenetic patients (45% 

of patients) was 13% compared to the remainder, 28% (P = .09). Population pharmacokinetic 

analysis demonstrated that the clearances of mitoxantrone and etoposide were decreased by 59% 

and 50%, respectively, supporting the empiric dose reductions in the PSC-MEC arm designed in 

anticipation of drug interactions between valspodar and the chemotherapeutic agents.

Address reprint requests to Peter Greenberg, MD, Hematology Division, Stanford University Medical Center, 703 Welch Rd, Suite 
G-1, Stanford, CA 94305; peterg@stanford.edu. 

Reported in part at the American Society of Hematology meeting, New Orleans, LA, December 6, 1999.

Authors’ Disclosures of Potential Conflicts of Interest
The authors indicated no potential conflicts of interest.

HHS Public Access
Author manuscript
J Clin Oncol. Author manuscript; available in PMC 2017 June 02.

Published in final edited form as:
J Clin Oncol. 2004 March 15; 22(6): 1078–1086. doi:10.1200/JCO.2004.07.048.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusion—CR rates and overall survival were not improved by using PSC-MEC compared to 

MEC chemotherapy alone in patients with poor-risk AML or high-risk MDS.

INTRODUCTION

Patients with acute myeloid leukemia (AML) who have relapsed or are refractory to 

conventional chemotherapy, those whose disease develops after antecedent chemotherapy or 

evolves from a prior myeloid stem-cell disorder, or those with high-risk myelodysplastic 

syndromes (MDS) have poorer responses and prognoses to chemotherapy compared to those 

with de novo AML [1–3]. Over-expression of the multidrug resistance (MDR-1) gene 

product p170-glycoprotein (P-gp) is one of the mechanisms associated with poor responses 

of these patients [4–7]. A number of adverse prognostic variables such as age, CD34 

expression, karyotypic pattern, or secondary leukemia (due to prior cytotoxic therapy or an 

antecedent myelodysplastic syndrome) have also been linked to P-gp overexpression [8–11].

Cells which over-express MDR-1 are cross-resistant to several important antileukemic drugs 

including anthracyclines and epipodophyllotoxins (eg, mitoxantrone and etoposide) [4,5]. 

Cells with the MDR phenotype are characterized by lower intracellular drug accumulation 

[6,7,12,13] concomitant with reduced sensitivity to these agents [7,8,13]. Several drugs 

capable of modulating and decreasing MDR-1, such as quinine, tamoxifen, calcium channel 

blockers, cyclosporine A, and its analog valspodar (PSC 833; Novartis Pharmaceuticals, 

Hanover, NJ), have been used for treating poor-risk AML [14–17]. Addition of cyclosporine 

A to an induction and consolidation regimen containing infusional daunorubicin 

significantly reduced resistance to this drug, prolonged the duration of remission, and 

improved overall survival in patients with poor-risk AML [15].

Valspodar is a more potent inhibitor of the P-gp efflux pump than cyclosporine, inhibiting 

efflux of MDR-related cytotoxic chemotherapy without the immunosuppression or renal 

toxicity of the parent compound [18–21]. A phase II study performed by Eastern 

Cooperative Oncology Group-(ECOG) affiliated institutions in refractory/relapsed AML 

with valspodar plus mitoxantrone, etoposide, cytarabine (PSC-MEC) demonstrated 

pharmacokinetic (PK) interactions of valspodar with these drugs and suggested the potential 

efficacy, need, and tolerance of substantial dose reduction of mitoxantrone and etoposide in 

the valspodar-containing arm of this study [17]. These PK interactions of valspodar had 

previously been demonstrated [22,23]. In another phase I/II study, combined treatment with 

infused valspodar and daunorubicin was well tolerated and had beneficial activity in patients 

with poor-risk AML [24]. To test the hypothesis that MDR modulation would improve 

chemotherapeutic responses in AML patients with a potential high incidence of MDR 

expression, we performed a phase III randomized trial comparing PSC-MEC to MEC 

chemotherapy in patients with poor-risk AML and high-risk MDS. We also evaluated the 

level of P-gp expression by leukemic blast cells, using functional and phenotypic flow 

cytometric analyses.
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PATIENTS AND METHODS

Patients

Eligibility for study entry included a diagnosis of AML or high-risk MDS. Patients were 

categorized and stratified as: (1) relapse less than 6 months after first complete remission 

(CR; ie, early first relapse); (2) relapse after allogeneic or autologous bone marrow 

transplantation; (3) second or greater relapse; (4) refractory to induction chemotherapy; (5) 

secondary AML, AML evolving from MDS, or myeloproliferative disorder (not chronic 

myeloid leukemia); and (6) high-risk MDS.

High-risk MDS was defined as MDS patients with refractory anemia with excess blasts in 

transformation (ie, with 21% to 30% marrow myeloblasts) according to the French-

American-British classification and refractory anemia with excess blasts patients with more 

than 10% marrow blasts plus either poor-risk cytogenetics or bi/pancytopenia [25].

Patients were aged 15 to 70 years, with no history of recent myocardial infarction or 

significant cardiac arrhythmia, no inter-current organ damage or medical problems that 

would prohibit therapy, no active or unresolved infection, no past evidence of invasive fungal 

infection, no hypersensitivity to ingredients of the study medication, including 

polyoxyethylated castor oil, no chemotherapy or radiotherapy for 4 weeks before study entry 

except for patients refractory to induction chemotherapy, and ECOG performance status of 0 

to 2. All patients reviewed and signed an institutional review board approved consent form.

Treatment Plan

Patients randomly assigned to PSC-MEC received valspodar 2 mg/kg intravenous (IV) 

loading dose, then 10 mg/kg/d for 5 days; mitoxantrone 4 mg/m2/d IV push for days 1 to 5; 

etoposide 40 mg/m2/d IV for days 1 to 5 over 30 to 60 minutes; and cytarabine 1 gm/m2/d 

IV for days 1 to 5 over 1 hour. For the MEC arm, patients received mitoxantrone 8 mg/m2/d, 

etoposide 100 mg/m2/d, cytarabine 1 gm/m2/d, all within days 1 to 5. This dosing schedule 

for the valspodar-containing arm was developed based on pharmacokinetic interactions of 

valspodar with mitoxantrone and etoposide [17].

A maximum of two induction cycles was permitted to achieve bone marrow aplasia. If the 

disease persisted thereafter, patients were removed from study and their disease was 

considered to have failed to respond to therapy. Patients who achieved a CR were scheduled 

to receive an additional cycle of consolidation therapy within 4 to 6 weeks of CR, the same 

as the chemotherapy arm to which they were initially randomly assigned.

MDR Expression

MDR positivity was defined based on P-gp function as established by the flow cytometric 

rhodamine123 efflux assay [26–27]. P-gp function was evaluated by establishing maximal 

CD34+ blast cellular rhodamine123 uptake and monitoring dye efflux during 1-hour cellular 

incubation at 37°C. The extent of P-gp function was expressed as percent rhodamine mean 

fluorescence channel shift between baseline and maximal dye efflux at the end of the 

incubation period. A shift of ≥40% from baseline was used as a threshold to define MDR 
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positivity, as the extent of rhodamine efflux correlated with the degree of inhibitability by 

valspodar and cyclosporine; rhodamine efflux less than 40% was not inhibitable by these 

modulators. Inhibition of P-gp function by valspodar and cyclosporine, tested in all patients, 

was comparable (expressed as percentage of maximal shift). Expression of P-gp on CD34+ -

gated cells (percentage of positive blasts) was assessed by surface binding of antibody 

MRK-16. Binding of MRK-16 to blast cells relative to background was also measured using 

Kolmogorov-Smirnov statistics, whereby the generated D value reflects the difference 

between the two binding curves.

Cytogenetics Methods

The ECOG Leukemia Committee’s Cytogenetics Subcommittee reviewed data submitted by 

institutional cytogenetic laboratories for each patient and based their evaluations on original 

karyotype preparations. Chromosome studies were considered acceptable for statistical 

analysis when there was documentation of 20 normal bone marrow metaphases or five or 

more abnormal blood or bone marrow metaphases. The presence or absence of 

chromosomally abnormal clones was examined by standard cytogenetics rules for 

nomenclature [28]. Patients were assigned to cytogenetics risk categories according to 

Southwest Oncology Group(SWOG)/ECOG guidelines [29].

Pharmacokinetic Studies

Venous blood samples for determination of mitoxantrone and etoposide were drawn on day 

5 of treatment at 0, 0.1, 1.1, 2, 6, 8, 12, 24, 48 hours. Mitoxantrone and etoposide values 

were determined by high-performance liquid chromatography using modifications to 

previous methods [17,21,30–34]. PK analysis was performed for mitoxantrone and 

etoposide using NONMEM V (version 1.1, The Regents of the University of California, 

Berkeley, CA), implemented on PDx-Pop (version 1.1j release 4, Globomax LLC, Hanover, 

MD) [35,36]. Plasma concentrations of mitoxantrone and etoposide were described using 3- 

and 2-compartment models, respectively [37,38]. Fifty-four patients (388 etoposide levels 

and 418 mitoxantrone levels) receiving PSC-MEC and 48 patients (295 etoposide levels and 

374 mitoxantrone levels) receiving MEC alone (102 total patients) were included in the PK 

analysis(79% of the patients assessable for response).Theinfluenceof valspodar was 

evaluated by curve-fitting analyses, which indicated good fit of the data, with P < .01. Areas 

under the curve (AUCs) were determined using Bayesian-estimated clearance values.

Statistical Analyses

Fisher’s exact tests [39] were used to analyze the contingency tables. The survival data were 

analyzed using the method of Kaplan and Meier [40] and the significance was tested by log-

rank tests. Wilcoxon rank sum tests were used to compare continuous data between two 

groups [41]. Logistic regression was used for multivariate analyses. All P values reported 

were for two-sided tests. This study was designed to detect the improvement in the CR rate 

from 20% to 40% by addition of valspodar to MEC. In May 1999, the ECOG Data 

Monitoring Committee reviewed the data for this study at 40% information time, and 

recommended this study be closed to further patient accrual because of lack of superiority in 

achieving CR demonstrated in patients treated with PSC-MEC [42], resulting in early 

termination of the study.
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RESULTS

Patient Characteristics

Of the 144 patients accrued, three patients who were randomly assigned to PSC-MEC and 

four patients randomly assigned to MEC were ineligible (did not meet study eligibility 

criteria). Of the 137 remaining eligible patients (69 patients in PSC-MEC arm, 68 in the 

MEC arm), five patients did not receive the therapy and three were considered pathology 

exclusions (ie, not AML). Therefore, 129 patients (66 in the PSC-MEC arm and 63 in the 

MEC arm) were considered assessable and included in the response analysis. The 

distributions of patient characteristics by treatment groups are summarized in Table 1. 

Patient characteristics were similar between the two treatment groups. The majority of 

patients were older than 50 years of age (70%), with a median age of 58 years (range, 17 to 

71).

Responses

Table 2 summarizes response data by treatment groups for the 129 assessable cases. The CR 

rate was 17% (11 of 66 patients) in the PSC-MEC arm and 25% (16 of 63 patients) in the 

MEC arm. There was no significant difference in CR rates or time to CR between the two 

groups (P = .28). The associations between achieving a CR and prognostic factors (disease 

status, age, FAB subtype) were also assessed. Within each category of age, sex, race, and 

FAB subtype (adjusted in a multivariate model), the CR rates were not significantly different 

between the two treatment groups. The CR rate of the PSC-MEC arm was not significantly 

different than that of the MEC arm in the group younger than 50 years (15% v 39%; P = .14) 

or in the group 50 years of age or older (17% v 20%). Disease status was demonstrated to 

have a marginally significant correlation with achieving a CR (P = .079). This was evident as 

the CR rate of patients with no prior induction chemotherapy (PIC; ie, secondary and high-

risk MDS, 31% of the cases) was higher than the CR rate of the remaining PIC patients 

(35% v 15%; P = .018; Table 2). Grouping of PIC with other disease subgroups was not 

found to be a significant predictor of CR.

For PSC-MEC versus MEC patients achieving CR, 91% (10 of 11 patients) and 75% (12 of 

16 patients; P = not significant), respectively, did so after one course of chemotherapy; the 

remainder required two courses. For CRs in the PSC-MEC arm, the median time to CR was 

43 days (range, 12 to 56 days). For CRs in the MEC arm, the median time to CR was 40 

days (range 11 to 67 days). All disease status subgroups were represented in the CRs from 

both treatment arms.

Disease-Free and Overall Survival

The median disease-free survival (DFS) for patients achieving CR in the PSC-MEC arm was 

10 months (95% CI, 5.5 to 15.1) and 9.3 months (95% CI, 4.1 to 14.1) in the MEC arm. 

There was no significant difference in distributions of DFS in the two treatment arms (P = .

68; Fig 1). Five of the 11 complete responders in the PSC-MEC arm and 12 of the 16 

patients in the MEC arm received consolidation chemotherapy.
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A lower incidence of ≥ grade 3 nonhematologic toxicity was found in patients receiving 

consolidation therapy (P = .014), without significant differences between the two treatment 

arms. The median overall survival of patients in the PSC-MEC arm was 4.6 months (95% 

CI, 2.8 to 6.8) and 5.4 months (95% CI, 3.3 to 8.1) in the MEC arm. There was no 

significant difference in survival distributions of the two treatment groups (P = .18; Fig 2). 

Comparison of the patients who had received PIC to those who had not indicated that overall 

survival was decreased in the PIC group (4 v 9 months; P = .001). DFS did not differ 

significantly between these two patient groups.

Toxicities

Table 3 summarizes induction treatment-related grade 3 or higher toxicities. This analysis 

was based on 137 patients assigned to receive either arm of therapy (regardless of their 

receipt of the assigned drugs or pathology exclusions). There were no significant differences 

in the distributions of grade 3 or higher nonhematologic worst degree toxicity between the 

two treatment arms. Overall severity and type of toxic incidences were similar between the 

two treatment groups except for liver toxicity. Liver toxicity of grade 3 or higher was 

increased in the PSC-MEC arm (60% v 38%; P = .01), mainly reflecting transient and 

expected hyperbilirubinemia in the PSC-MEC arm. There were 18 patients (14%) who died 

within 1 month of random assignment (11 in the PSC-MEC arm, seven in the MEC arm). 

The most common lethal toxicity was infection in both treatment groups.

MDR Data

Of the 144 patients accrued and 129 patients eligible for response analysis, MDR was 

assessed on gated blast cells from 98 (68%) and 81 (63%) patients, respectively. Of all 98 

patients in whom MDR was assessed, 63 (64%) were considered MDR+ (see Patients and 

Methods), 28 (29%) were MDR−, and seven (7%) had indeterminate MDR status. Table 4 

compares P-gp function and protein expression in MDR+ and MDR− patients. The extent of 

inhibition of rhodamine efflux in vitro by valspodar or cyclosporine was significantly greater 

in MDR+ than MDR− patients (median, 86% and 88% v 8% and 16%, respectively; P < .

001). Furthermore, P-gp expression was significantly higher on blast cells in the MDR+ than 

the MDR− group, whether represented as percent positive blast cells (65% v 18%, 

respectively; P < .001), difference in MRK-16 binding relative to background (D = 0.74 v 
0.40, respectively; P < .001), or as molecules of equivalent soluble fluorochrome of 

MRK-16 binding (6,312 v 3,580, respectively; P = .006).

MDR and Response

The distribution of the MDR status was comparable in the two treatment arms, with 65% 

and 66% of patients being positive in the PSC-MEC and MEC arms, respectively. Among 98 

patients with MDR data, 87 were assessable for response analysis. Three patients in each 

arm had unknown MDR status and were excluded from response analysis. Thus, 81 patients 

(43 patients in the PSC-MEC arm and 38 patients in the MEC arm) were assessable for both 

response and MDR status. There was no significant difference in the CR rates between MDR

+ and MDR− cases within each treatment arm. In the PSC-MEC arm, the CR rate was 16% 

in MDR+ cases and 14% in MDR− cases (P = not significant). In the MEC arm, the CR rate 
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was 24% in MDR+ patients and 17% in MDR− patients (P = not significant). Ages were 

similar among the MDR+ and MDR− patients (75% and 65% were ≥ 50 years old).

Neither the level of P-gp expression nor the extent of P-gp function differed significantly 

between complete responders and nonresponders. MDR status did not differ by disease state. 

Similar degrees of MDR positivity were present in blasts from patients who had received 

PIC (ie, were relapsed or had refractory AML) compared to those who had not (ie, those 

with secondary AML or high-risk MDS; 62% and 71%, respectively). However, despite this 

finding, significantly different CR rates were demonstrated (15% v 35%, respectively; P = .

018).

Cytogenetics Results

Data were received for all 144 patients, but 38 patients did not have acceptable samples for 

statistical analysis. Of the 129 patients assessable for response analysis, 23 did not have 

acceptable samples. Analyses presented in this section are based on the remaining 106 

patients.

Among the 106 cases, 77 patients (73%) had an abnormal cytogenetic clone and 29 patients 

(27%) had no apparent chromosomally abnormal clone. Among the patients with an 

abnormal clone, 18 patients (23%) had a single chromosome abnormality, 29 (38%) had two 

abnormalities and 30 (40%) had at least three abnormalities.

Cytogenetic risk categories were classified according to SWOG/ECOG guidelines [29]. 

These patients’ cytogenetic patterns were thus classified as favorable for 6 cases (6%), 

intermediate for 35 (33%), unfavorable for 48 (45%), and unknown for 17 (16%). The CR 

rates were 33%, 23%, 13%, and 35% for favorable, intermediate, unfavorable, and unknown 

risk groups, respectively (Table 5). The distribution of cytogenetics risk category was not 

significantly different between complete responders and nonresponders (P = .138). No 

significant difference in CR rates was observed in each cytogenetics risk group or between 

the two treatment arms. However, the CR rate for unfavorable cytogenetic patients (in both 

treatment arms) was 6 of 48 patients (13%) and differed substantially from the combined 

remainder, 16 of 48 patients (28%; P = .09). An increased proportion of patients who had 

received no PIC were present in the unfavorable cytogenetic category compared to those 

who had received PIC—21% (10 of 47 patients) versus 57% (28 of 49 patients; P = .001).

Treatment Comparisons Within Subgroups

There was no significant difference in MDR status related to age and cytogenetics risk group 

for all patients in each treatment arm. Of 35 patients with unfavorable cytogenetics risk, 

69% were MDR+.

In 67 patients, data were available for age, MDR status, response, and cytogenetics risk 

group. Of these patients, 18 (27%) were older than 50 years, were MDR+, and had 

unfavorable cytogenetics. The distribution of disease status was different between this 

extremely poor-risk group versus the remainder of the patients (ie, higher proportion of 

refractory patients; 50% v 20%), lower proportion in first relapse (11% v 30%; P = .034; 
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Table 6).The CR rate of this extremely poor-risk group versus others was not different—

17% versus 18% (P = not significant).

Multivariate analysis which included the following covariates in the model—PIC, MDR 

status, cytogenetics (unfavorable v all others), age, and treatment arm— indicated that PIC 

was the only significant predictor of CR (P = .038), with lower responses (15% v 35%) in 

the PIC group (Table 7).

Pharmacokinetic Data

The pharmacokinetic parameters for mitoxantrone and etoposide are summarized in Table 8. 

When valspodar was added to the MEC chemotherapy regimen, clearance of mitoxantrone 

and etoposide decreased by 59% and 50%, respectively (P < .0001). Calculations of each 

patient’s AUC showed that the empiric dose-reduction strategy of this trial for mitoxantrone 

(60%) and etoposide (50%) (etoposide, 100 mg/m2 to 40 mg/m2; mitoxantrone, 8 mg/m2 to 

4 mg/m2) was justified. With the dose reductions, the drug interactions with valspodar 

resulted in a higher AUC of mitoxantrone and lower AUC of etoposide in the PSC-MEC 

versus the MEC arm. Univariate and multivariate logistic regression models with the PK 

parameters, after adjusting for treatment, showed no prediction for CR.

DISCUSSION

Our study, assessing the possible adjunctive value of the MDR modulator valspodar, did not 

indicate improved response rates or survival in patients randomly assigned to the PSC-MEC 

arm compared to MEC alone. The relatively low CR rates for the two arms (17% and 25%, 

respectively) is not unexpected, given the poor-risk features of our patients [43]. These 

response rates were partially attributable to the fact that a high proportion of our patients had 

MDR overexpression (64%), were ≥ 50 years old (70%), and had unfavorable cytogenetics 

(45%), all features associated with relatively poor responsiveness to chemotherapy [3–

13,27,29,44,45]. Assessment of MDR using functional analysis (as in our study) appears 

more relevant than cell surface phenotype in defining MDR status [27,46], although good 

correlation was demonstrated for these values in our study patients.

A higher proportion of our patients had unfavorable cytogenetics (45%; Table 5) compared 

to those previously reported in the SWOG/ECOG patients with previously untreated AML, 

aged less than 56 years (30%) [29]. These differing cytogenetic profiles were attributed to 

our study consisting of more poor-risk, elderly patients (median age, 57, ranging to 70 

years), who had all either received PIC or had secondary AML/high-risk MDS (no PIC). 

These cytogenetically unfavorable patients had substantially lower CR rates than those 

without such cytogenetic features (13% v 28%).

When considering patients who had received PIC (AML-type induction), the CR rate was 

significantly lower (15% v 35% for the remaining patients, ie, those with secondary AML/

high-risk MDS). MDR positivity was present similarly and in increased fashion in both 

patient groups. As subjects with PIC had neither an increased proportion of patients with 

unfavorable cytogenetics nor increased MDR positivity, additional features (eg, these 

parameters plus other resistance mechanisms) appear to have contributed to their extremely 
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poor responses. These disparate responses indicated that certain clinical (PIC) and biologic 

(unfavorable cytogenetics) features were independently associated with a poor-risk 

phenotype.

Overall the PSC-MEC regimen was well tolerated. There was no significant difference in 

distributions of severe (grade 3,4) toxicities between the two treatment groups, except for 

liver toxicity. This related to increased degrees of hyperbilirubinemia, which generally was 

transient, found in the PSC-MEC treated patients. This was expected, given the known 

blockade of biliary excretory function by valspodar [24]. Hematologic toxicity based on 

serious infections, time to recovery of blood counts in responders was similar in the two 

groups. This likely related to the decreased doses of mitoxantrone and etoposide (for reasons 

related to PK considerations) [17,22] in the PSC-MEC arm. This pharmacologic interaction 

with the chemotherapeutic agents led to modification of the chemotherapy doses, which may 

have altered response potential.

Some, but not all, MDR modulator trials in patients with AML have suggested benefit from 

this strategy. Initial phase I/II trials suggested that cyclosporine was useful for resistant 

AML patients [15,17,24]. However, a phase III study from Cancer and Leukemia Group B 

using valspodar plus chemotherapy versus chemotherapy alone in elderly de novo AML, 

wherein the chemotherapy drug doses were not modified in the valspodar arm, was closed 

early as a result of excessive toxicity and did not show improvement in response rates or 

survival [47]. A recent phase I/II trial using valspodar plus daunorubicin and cytarabine in 

refractory/relapsed AML also did not show encouraging effectiveness of this drug 

combination (23% CR rate) [48]. A phase III trial from France using chemotherapy plus 

quinine as the MDR-1 modulator for treating patients with high-risk MDS showed benefit of 

the added modulator for treating MDR-1 positive patients [49]. Our study included too few 

high-risk MDS patients (16 individuals) to comment on the relative efficacy of PSC-MEC in 

this patient group.

Empirical dose reductions for mitoxantrone and etoposide were employed in our study, 

based on previous observations of drug interactions. Our population PK analysis showed a 

similar reduction in mitoxantrone and etoposide clearance during valspodar treatment (Table 

8). Despite the prescribed dose reductions in the PSC-MEC arm, we observed a significant 

increase of 30% in drug exposure (AUC) for mitoxantrone in the experimental arm, and a 

significant decrease of 16% in AUC for etoposide (Table 8). The net result clinically showed 

no essential difference in toxicity, or likely in efficacy, in the two arms.

Although studies have demonstrated blockade of MDR-1 in vivo and in vitro with MDR 

modulating agents, it is likely that multiple other mechanisms exist in our AML and MDS 

patients, which contributed to their clinical chemotherapeutic resistance [50,51]. These 

resistance mechanisms include extracellular (eg, drug pharmacokinetics, distribution) or 

intratumor cell derangements. Representative of abnormal intratumoral transmembrane 

transport occurring in such cells is the overexpression of members of a super-family of 

transport proteins (including MDR-1, LRP, and MRP-1) which extrude a variety of cytotoxic 

drugs often used for therapy [52] and sub-optimal inhibition of P-gp function in vivo.
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The study reported here shows that the MDR-modulating agent valspodar did not improve 

responses in poor-risk AML patients treated with chemotherapy. Future studies, including 

those without pharmacokinetic interactions for the chemotherapy drugs [53], will need to 

define the presence of specific resistance mechanisms in specific subtypes of AML and to 

then target these lesions more comprehensively than the single agent approaches currently 

being used.
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Fig 1. 
Disease-free survival for 27 patients receiving valspodar plus mitoxantrone, etoposide, and 

cytarabine (PSC-MEC; n = 11; solid line) versus MEC (n = 16; dashed line) who had 

achieved complete remission.
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Fig 2. 
Overall survival for 129 patients receiving valspodar plus mitoxantrone, etoposide, and 

cytarabine (PSC-MEC; n = 66; solid line) versus MEC (n = 63; dashed line).
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Table 1

Demographic Characteristics of Assessable Patients (N = 129)

PSC-MEC
(n = 66)

MEC
(n = 63)

No. of
Patients %

No. of
Patients %

Age, years

 <50 20 30 18 29

 ≥50 46 70 45 71

Sex

 Male 37 56 31 49

 Female 29 44 32 51

Race

 White 57 86 58 92

 Black 4 6 1 2

 Other 5 8 4 6

FAB classification of AML

 M1 17 26 21 33

 M2 12 18 6 10

 M4 5 8 2 3

 M5 1 2 3 5

 M6 1 2 3 5

 M7 0 0 2 3

 AML, not subclassified 30 46 26 41

Disease status

 First relapse < 6 months 14 21 15 24

 Relapse after BMT 8 12 8 13

 ≥Two Relapses 5 8 3 5

 Refractory 19 29 17 27

 Secondary AML 13 20 11 18

 High-risk MDS 7 11 9 14

Cytogenetic risk category*

 Favorable 3 5 3 6

 Intermediate 18 32 17 34

 Unfavorable 26 47 22 44

 Unknown 9 16 8 16

Performance status

 0 27 43 21 33

 1 22 35 30 48

 2 14 22 12 19
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Abbreviations: PSC-MEC, valspodar plus mitoxantrone, etoposide, and cytarabine; MEC, mitoxantrone, etoposide, and cytarabine; FAB, French-
American-British; AML, acute myeloid leukemia; BMT, bone marrow transplantation; MPS, myelodysplastic syndrome.

*
Reference [31].
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Table 3

Severe Toxicities Within the Two Treatment Arms

PSC-MEC
(n = 68)

MEC
(n = 69)

Toxicity (grade 3/4) No. of Patients % No. of Patients %

Neurologic 16 24 11 16

Hepatic 41 60* 26 38*

Lethal 11 16   7 10

Abbreviations: PSC-MEC, valspodar plus mitoxantrone, etoposide, and cytarabine; MEC, mitoxantrone, etoposide, and cytarabine.

*
Predominantly transient hyperbilirubinemia.
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Table 4

Summary of Multidrug Resistance Data

Features MDR+ (n = 63)* MDR− (n = 28)

Shift†

 Median 62 24‡

 Range 10–99 1–98

PSC§

 Median 86 16‡

 Range 40–100 0–31

Cyclosporine§

 Median 88 8‡

 Range 17–100 0–33

MRK-16‖

 Median 65 18‡

 Range 2–99 1–97

KS/D¶

 Median 0.74 0.40‡

 Range 0.07–9.8 0.05–9.5

MESF#

 Median 6,312 3,580**

 Range 1,625–20,007 491–12,612

Abbreviations: MDR, multidrug resistance; PSC, valspodar; KS/D, Kolmogorov-Smirnov Statistics; MESF, molecules of equivalent soluble 
fluorochrome; P-gp, P170-glycoprotein.

*
≥40% in vitro rhodamine efflux from CD34+ blast cells (see Methods).

†
Rhodamine fluorescence channel shift, reflecting cellular rhodamine efflux, from baseline (maximal dye uptake and retention) that occurred 

during a 1-hour incubation of cells at 37°C (to induce dye efflux), expressed as percentage of maximal dye retention.

‡
P = .001.

§
Percentage of inhibition of in vitro rhodamine efflux from blast cells in the presence of these agents.

‖
Percentage of blast cells immuno-stained with anti-P-gp antibody MRK-16.

¶
Binding of MRK-16 to blast cells relative to background using Kolmogorov-Smirnov statistics, whereby the generated D value reflects the 

difference between the two binding curves.

#
MESF (MRK-16 immuno-staining), an indicator of P-gp protein density in the cellular membrane of blast cells.

**
P = .006.
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Table 6

Relation Between Age, MDR, Cytogenetics, and Disease Status

Age > 50 Years, MDR+, Unfavorable Cytogenetics
(n = 18)

Other
(n = 49)

Recurrence Status No. of Patients % No. of Patients %

First relapse ≤ 6 months 2 11* 15 31*

Relapse after BMT 0   0 10 20

≥ Two relapses 1   6   2   4

Refractory 9 50 10 20*

Secondary AML 3 17   8 16

High-risk MDS 3 17   4   8

Abbreviations: MDR, multidrug resistance; BMT, bone marrow transplant; AML, acute myeloid leukemia; MDS, myelodysplastic syndrome.

*
P = .034.
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Table 7

Multivariate Model of Parameters Predicting Complete Remission*

Covariates Odds Ratio 95% CI P

Treatment 0.544 0.153 to 1.942 .349

Age 1.030 0.983 to 1.080 .217

PIC 4.078   1.084 to 15.332 .038

MDR status 2.534 0.717 to 8.964 .149

Cytogenetics† 0.391 0.104 to 1.468 .164

Abbreviations: PIC, prior intensive chemotherapy; MDR, multidrug resistance.

*
Logistic regression.

†
Unfavorable versus all others.
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Table 8

The Effects of Valspodar on the Clearances and AUC of Plasma Levels of Mitoxantrone and Etoposide

Parameter MEC Arm PSC-MEC Arm P*

Etoposide

 Volume of distribution   7.7 ± 1.9   5.0 ± 1.7 < .0001

 Clearance, L/h/m2   1.2 ± 0.2   0.6 ± 0.2 < .0001

 AUC, mcg × h/ml 84.8 ± 10.1 71.3 ± 7.8 < .0001

Mitoxantrone

 Volume of distribution   8.4 ± 2.1   6.0 ± 2.2 < .0001

 Clearance, L/h/m2 19.7 ± 2.9   8.1 ± 1.9 < .0001

 AUC, ng × h/ml  377 ± 48  491 ± 45  < .0001

NOTE. The doses of mitoxantrone and etoposide were 8 mg/m2 and 100 mg/m2 in the MEC (control) arm respectively, and 4 mg/m2 and 40 

mg/m2 in the PSC-MEC arm.

Abbreviations: AUC, area under the curve; MEC, mitoxantrone, etoposide, and cytarabine; PSC-MEC, valspodar plus mitoxantrone, etoposide, and 
cytarabine.

*
Unpaired t-test.
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