
Synthesis

Zosuquidar can be prepared by three related ways:
1) Condensation of dibenzosuberenone (I) with sodi-

um 2-chloro-2,2-difluoroacetate (II) in diglyme at 165 °C
gives 10,11-(difluoromethano)benzosuberone (III), which
is reduced with NaBH4 in THF/methanol to yield the cor-
responding syn-alcohol (IV). Reaction of alcohol (IV) with
hot SOCl2 affords a mixture of the syn- and anti-chloro
derivatives (V). This mixture (V) is treated with 1-for-
mylpiperazine (VI) in refluxing acetonitrile to provide a
mixture of syn- and anti-4-[10,11-(difluoromethano)diben-
zosuber-5-yl]piperazine-1-carbaldehyde (VI), which is
separated by chromatography. The desired anti-isomer
(VII) is then treated with KOH in refluxing ethanol/water to
give the piperazine derivative (VIII), which is finally con-
densed with 5-[2(R),3-epoxypropoxy]quinoline (IX) in
refluxing isopranol (1, 2). Scheme 1.

5-[2(R),3-Epoxypropoxy]quinoline (IX) is obtained by
reaction of 5-hydroxyquinoline (X) with (R)-glycidyl tosyl-
ate (XI) by means of NaH in DMF (3). Scheme 1.

2) Reaction of alcohol (IV) with 48% HBr or with PBr3
affords the anti-bromo derivative (XII), which is con-
densed with pyrazine (XIII) in refluxing acetonitrile to give
anti-1-[10,11-(difluoromethano)dibenzosuber-5-yl]-
pyrazinium bromide (XIV). Reduction of compound (XIV)
with NaBH4 in ethyl acetate provides the piperazine deriv-
ative (VIII), which is finally condensed with 5-[2(R),3-
epoxypropoxy]quinoline (IX) � obtained by reaction of
5-hydroxyquinoline (X) with (R)-glycidyl 4-nitrobenzene-
sulfonate (XV) by means of K2CO3 in DMF � in hot
ethanol (4). Scheme 2.

3) Condensation of the anti-bromo derivative (XII) with
piperazine (XVI) in refluxing acetonitrile provides
1-[10,11-(difluoromethano)dibenzosuber-5-yl]piperazine
as a mixture of syn- and anti-isomers (XVII), which is sep-
arated by crystallization. Finally, the desired anti-isomer
(VIII) is condensed with 5-[2(R),3-epoxypropoxy]-quino-
line (IX) in hot ethanol (5). Scheme 3.
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Abstract

The plasma membrane glycoprotein, P-glycoprotein
(Pgp), is thought to be the major cause of clinical resis-
tance to certain structurally unrelated oncolytics
observed in several human tumor types. Class I Pgps
are overexpressed in several cancers and appear to be
responsible for the energy-dependent efflux of several
oncolytics.The search for small-molecule inhibitors of
Pgp drug efflux activity led to first-generation agents
which have shown little clinical efficacy due to dose-lim-
iting toxicities and pharmacokinetic interactions with
other drugs. Second- and third-generation Pgp modula-
tors have a higher affinity for Pgp but lack other phar-
macological activity. Of these novel compounds,
zosuquidar trihydrochloride was identified as a potent
inhibitor of Pgp function in multidrug resistant (MDR)
cells and was selected for further development.



while in mice, the mdr1a and mdr1b genes encode class
I Pgps and the mdr2 gene encodes class II Pgps (6-8).

Class I Pgps are normally expressed in several tissue
types, although their physiological function and mecha-
nism of action remain to be elucidated. It has been sug-
gested that one function of Pgp is to exclude xenobiotics
since Pgp has been shown to be expressed in intestinal,
renal and hepatic epithelial cells and in the endothelial
cells of the blood-brain barrier. This cannot be the sole
function of Pgp due to the fact that high expression is also
detected in the adrenal glands and on the apical surface
of the choroid plexus epithelial cells (9-12). Class I Pgps
have also been shown to be able to translocate short

Introduction

Functionally, two different types of P-glycoprotein
(Pgp) have been described, but only class I Pgps have
been related to drug transport, and their overexpression
confers the multidrug resistance (MDR) phenotype in
tumoral cells. Class I and II Pgps are a family of plasma
membrane glycoproteins (140-180 kDa; class I and II).
Pgps were identified when researchers observed that
overexpression of certain class I Pgps conferred MDR in
several tumor cell types. In humans, class I and II Pgps
are encoded by MDR1 and MDR2 genes, respectively,
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and taxol. Pgp acts as a transporter of the drugs, efflux-
ing them, reducing intracellular drug accumulation thus
allowing tumor cells to survive cytotoxic concentrations of
drugs (18). However, in 1981, Tsuro et al. observed that
verapamil, a noncytotoxic calcium channel blocker, could
overcome the MDR phenotype to vincristine and vinblas-
tine (19). The search for noncytotoxic modulators that
can sensitize MDR cells to oncolytics became a research
priority.

Several classes of Pgp modulators have been identi-
fied. First-generation agents included compounds devel-
oped for other indications, such as the calcium channel
blocker verapamil, immunosuppressive agents (e.g.,
ciclosporin, FK-506), analogues of the antihypertensives
reserpine and yohimbine, the neuroleptic trifluoperazine
and antiestrogens (tamoxifen, toremifene). Unfortunately,
Pgp modulation by these compounds has shown limited
efficacy in the clinic due to several reasons, including the

chain analogs of phospholipids from the inner to the outer
leaflet of the plasma membrane prompting the hypothesis
that Pgp acts as a flippase for phospholipids, particularly
for endogenous phosphatidylcholine and sphingomyelin
(13-15). An additional function attributed to class I Pgps
involves trafficking of sterols within cells and esterification
of plasma membrane cholesterol (16, 17).

The function and mechanism of action of Pgp contin-
ue to be investigated. It is clear however that the resis-
tance of several tumor types to certain oncolytics is asso-
ciated with overexpression of class I Pgps. Over-
expression of the MDR1 gene has been detected at the
time of diagnosis of kidney, colon and adrenocortical can-
cer, for example, or after relapse and/or treatment failure
of breast cancer, lymphoma and leukemia. Class I Pgps
have been shown to be responsible for the energy-
dependent efflux of several structurally unrelated natural
oncolytics such as vinblastine, doxorubicin, etoposide
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A study using MDR CHO cells (CHRC5), KB-V1
cells (a HeLa cell derivative displaying vinca alkaloid
resistance), MDR human uterine sarcoma cells
(MES-SA/Dx5) and MDR murine leukemia cell lines
(P388/ADR and P388/VCR), demonstrated in an MTT
assay that zosuquidar enhanced the antiproliferative
activity of doxorubicin, vincristine, etoposide and paclitax-
el. The EC50 values for zosuquidar to increase the sensi-
tivity of all cell types to doxorubicin ranged from 10-100
nM. In addition, zosuquidar was shown to dose-depen-
dently increase doxorubicin (2 µg/ml) levels in CHRC5
cells with a maximal efficacy observed at concentrations
between 100-300 nM (24). Similarly, zosuquidar at a con-
centration of 0.1 µM was shown to restore sensitivity of

failure to achieve concentrations of the modulators high
enough to inhibit Pgp, dose-limiting toxicities and marked
interactions with coadministered chemotherapeutic
agents (20-22). Second- and third-generation agents
were subsequently synthesized displaying a higher affini-
ty for Pgp and lacking the additional pharmacological
activity of the original compounds (see Table I). A com-
prehensive review has recently been published in this
regard (23).

However, continued research has identified other Pgp
modulators which hold promise for efficacy in the clinic.
The most potent modulator to emerge thus far is
zosuquidar trihydrochloride (LY-335979; RS-33295-198),
a derivative of MS-073 [I] containing a difluorocyclopropyl
substitution in the dibenzosuberane moiety resulting in
enhanced activity. The agent has no other pharmacologi-
cal effects and a high affinity for Pgp. Zosuquidar has dis-
played efficacy in vitro and in vivo and was selected for
further development to circumvent MDR in human tumors
(1, 24-26).

Pharmacological Actions

Several in vitro studies have demonstrated that
zosuquidar selectively and potently modulates Pgp-medi-
ated drug resistance, increasing the sensitivity of MDR
cells to anticancer agents.
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into MRP1-transfected HeLa-T5 and MRP2-transfected
MDCK cell membranes was unaffected by the agent.
However, the agent (0.01 µM) enhanced the cytotoxicity
of doxorubicin to a Pgp-overexpressing HL60/Vinc cell
line (MDR due to overexpression of Pgp and not MRP1).
Results indicate that zosuquidar selectively modulates
Pgp-mediated resistance with no effects on MRP1 or
MRP2 (28).

The ability of zosuquidar to modulate Pgp-mediated
MDR was also demonstrated in a study using MDR
human acute myeloid leukemia cells with Pgp+/MRP�

(KG1a/200, K562/150) and Pgp�/MRP+ (HL60/130) phe-
notypes and shown to be significantly resistant to
daunorubicin. The agent was found to significantly sensi-
tize Pgp+/MRP� cells to daunorubicin-induced growth
inhibition and increase daunorubicin accumulation. In
contrast, the agent had no effect on daunorubicin accu-
mulation or cytotoxicity in Pgp�/MRP+ cells (29, 30).

Zosuquidar was not only not ineffective against
MRP1-mediated resistance but also had no influence on
breast cancer resistant protein (BCRP)-mediated drug
resistance. Although zosuquidar (0.5 µM) sensitized Pgp-
expressing HL60/Vinc cells to mitoxantrone and vinorel-
bine, it did not influence drug resistance of MRP1-
expressing HL60/ADR or BCRP-transfected MCF-7 cells
even at concentrations of 5 µM. In addition, while
[125I]-iodomycin photolabeling of Pgp in CEM/VLB100

MDR CEM/VLB100 cells to vinblastine, doxorubicin,
etoposide and paclitaxel so that the IC50 values for the
agent were shiifted 440-, 13-, 19- and 1200-fold, respec-
tively. Zosuquidar was also effective in enhancing the
sensitivity of the following resistant cells to antitumor
agents: P388/ADR and MCF-7/ADR to vinblastine, dox-
orubicin and taxol; human ovarian carcinoma (2780AD) to
doxorubicin; and human non-small cell lung carcinoma
(UCLA-P3.003VLB) to taxol. The drug-sensitive parental
cells were unaffected by treatment with zosuquidar.
Experiments using CEM/VLB100 plasma membranes
showed that zosuquidar binds to Pgp in the presence of
ATP, by competitively displacing [3H]-vinblastine (40 nM)
with an apparent Ki value of 0.059 µM, and inhibited [3H]-
azidopine photoaffinity labeling of the Mr 170,000 Pgp.
Further data suggest that zosuquidar does not serve as a
substrate for the Pgp pump indicating that the agent may
have a long duration of action. Similar results were
obtained in another study (27, 28).

The selectivity of zosuquidar to modulate the Pgp-
expressing cells was demonstrated in an in vitro study in
which the agent (1 µM) was shown to have no effect on
drug cytotoxicity in HL60/ADR cells (MDR due to overex-
pression of multidrug resistance-associated protein
[MRP1] and not Pgp) and HeLa-T5 cells transfected with
MRP1 (resistant to doxorubicin and vincristine).
Leukotriene C4 (an MRP1 and MRP2 substrate) uptake
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Table I: P-Glycoprotein (MDR-1) inhibitors under active development (from Prous Science Integrity®).

Drug Source Status

1. Biricodar Dicitrate Vertex Phase II
2. Elacridar GlaxoSmithKline Phase I
3. Tariquidar Xenova/QLT Phototherapeutics Phase III
4. Zosuquidar HCl Lilly Phase III
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Significant delays in tumor growth were observed in
nude mice bearing established s.c. MDR human sarcoma
(MES-SA/Dx5) tumors and coadministered zosuquidar
(30 mg/kg i.p. on days 4 and 8 after implantation) and
doxorubicin (7.5 mg/kg i.v. on days 4 and 8 after implan-
tation) (24).

Metabolism and Pharmacokinetics

Cytochrome P-450 (CYP) isozymes are involved in
the oxidative metabolism and therefore elimination of
many oncolytics. Many Pgp substrates interact with
CYP3A and it has been reported that there is an overlap
between the substrate specificities of Pgp and CYP3A
(34). Thus, it is possible that a Pgp modulator may affect
the activity of CYPs which could lead to drug-drug inter-
actions. In this regard a study using human microsome
preparations examined the ability of zosuquidar to inhibit
the catalytic activities of the following CYP enzymes
known to be involved in the metabolism of natural product
oncolytics: CYP3A (midazolam 1�-hydroxylation),
CYP2C9 (diclofenac 4�-hydroxylation), CYP2D6 (bufu-
ralol 1�-hydroxylation) and CYP1A2 (phenacetin O-de-
ethylation). Zosuquidar was found to be a competitive
inhibitor of CYP3A (apparent Ki = 3.8 ± 0.8 µM). Inhibition
of the other 3 CYPs with the agent was even less.
Competitive and noncompetitive inhibition of CYP2C9
and CYP2D6, respectively, were observed with apparent
Ki values of 12.3 ± 3.0 and 25.3 ± 2.7 µM obtained,
respectively; inhibition of CYP1A2 by zosuquidar was
only slight, even at concentrations of 50 µM. Thus,
zosuquidar modulates Pgp (Ki = 0.059 µM) more potent-
ly (60-fold or more) than any of the CYPs examined.
These results suggest that zosuquidar (at doses of 1 µM
or less) would have little effect on the pharmacokinetics of
coadministered oncolytics in vivo (28).

A study using bile from [3H]-zosuquidar (20 mg/kg
i.v.)-treated rats in addition to rat, dog, monkey and
human liver microsome preparations, examined the
metabolism of zosuquidar and identified several novel
metabolites. Use of LC/NMR revealed the presence of an
N-oxide metabolite (LY-389551) resulting from oxidation
of the quinoline nitrogen in microsomes and 3 glu-
curonide metabolites in rat bile which were conjugates of
products from oxidation of the quinoline ring (35).

No drug-related toxicities were observed in a 1-month
study involving beagle dogs administered zosuquidar
(2, 10 and 100 mg/kg/day p.o.). In animals administered
the highest dose, plasma levels of the agent surpassed
the Ki value for Pgp inhibition by more than 80 times.
When dogs were coadministered zosuquidar (10 or 100
mg/kg/day days 4-16) with vinorelbine (10 mg/m2 once
weekly), no effects were observed on vinorelbine phar-
macokinetics or on survival, clinical observations, body
weights or food consumption as compared to either treat-
ment alone. Zosuquidar alone was not associated with
any hematological changes. One animal receiving 100
mg/kg zosuquidar experienced emesis and fine tremors.

membranes was inhibited by approximately 70% by
zosuquidar (5 µM), photolabeling of MRP1 and BCRP in
membrane preparations of MRP1-overexpressing H69AR
and BCRP-transfected MCF-7 cells, respectively, was
unaffected by treatment (31).

An in vitro study using both MDR cell lines and human
natural killer (NK) cells further characterized the effects of
zosuquidar on Pgp function. Results suggest that the
agent is the most potent Pgp inhibitor described to date.
Zosuquidar was 500-1500 times more potent than
ciclosporin or verapamil in restoring Pgp substrate (rho-
damine 123 [Rh123] and daunorubicin) accumulation in
vincristine-resistant HL60/VCR cells with IC50 values of
6.7 and 20 nM, respectively. Moreover, the agent sup-
pressed Pgp function (indicated by Rh123 accumulation)
on isolated CD56+ lymphocytes (IC50 = 1.18 ± 0.2 nM)
and on CD56+ lymphocytes present in human whole
blood (IC50 = 174 ± 1.61 nM) (32). Table II shows the in
vitro Pgp affinity and Pgp inhibition of zosuquidar com-
pared with other selected Pgp multidrug-resistance mod-
ulators.

The efficacy of zosuquidar to enhance MDR tumor
cells was also demonstrated in several studies using
murine xenograft models in vivo.

Treatment of nude mice implanted with P388/ADR
murine leukemia cells with zosuquidar (1, 3, 10, 20 or 30
mg/kg i.v. once daily for 5 days starting on implantation
day) and coadministered doxorubicin (1, 2 or 4 mg/kg i.p.
30 min later), etoposide (20 mg/kg i.p. 30 min later) or vin-
cristine (0.1 mg/kg i.p.), resulted in a significant increase
in survival rate as compared to controls. Zosuquidar did
not significantly alter the pharmacokinetics of doxorubicin
or etoposide in this model (24, 27, 33).

Zosuquidar (30 mg/kg i.p. starting 5 days after implan-
tation) also potentiated the antitumor activity of paclitaxel
(20 mg/kg i.v. 1 h after zosuquidar) in experiments using
nude mice bearing MDR Pgp-expressing human non-
small cell lung carcinoma (UCLA-P3.003VLB) xenografts
with significant suppression of tumor growth observed on
days 12 and 19. The pharmacokinetics of paclitaxel were
not significantly altered by zosuquidar coadministration
(27, 33).
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Table II: In vitro effects of zosuquidar and other P-glycoprotein
(MDR-1) inhibitors under development (data from Prous Science
Integrity®).

Pgp affinitya Pgp inhibitiond

Drug Ki [IC50] (µM) IC50 (µM)

Biricodar [0.55]b (48) 2.50e (48)
Ciclosporin* [1.70]-[3.50]b (48, 49) 0.44f (49)
Elacridar 0.0014-0.005c (50, 51) 0.048f (49)
Tariquidar 0.0026c (50) 0.033-0.038e,f (49, 52)
Zosuquidar 0.060c (27) 0.0067-0.020e,f (32)

*Included for comparison. aP-glycoprotein affinity evaluated in
different mutlidrug-resistant (MDR) cells by displacement of
b[3H]-azidopine or c[3H]-vinblastine. dP-glycoprotein inhibition
evaluated in MDR cells by means of erhodamine or fdauno-
rubicin accumulation assay. References in parentheses.



every 28 days starting 1 day before vinorelbine) in com-
bination with vinorelbine (22.5 or 30 mg/m2 weekly for 3
weeks every 28 days) were investigated in a phase I trial
involving patients with advanced solid tumors. Of the 16
patients entered, 14 were evaluable for toxicity and 9 for
response; 14 patients have discontinued due to death
(1 patient), progressive disease (5 patients), toxicity (4
patients) or symptomatic progression (4 patients). The
grade 3/4 toxicities reported were neutropenia, arthralgia,
myalgia, fever, constipation, fatigue and stomatitis. Two of
the 3 patients receiving 30 mg/m2 vinorelbine and 200
mg/m2 zosuquidar (every 8 h) experienced the DLT of
grade 4 neutropenia for more than 1 week. Although no
responses were reported, 6 patients had stable disease
for 2.1-5.3 months. Accrual is ongoing (40).

The safety and tolerability of oral zosuquidar (100,
200, 250 or 300 mg/m2 t.i.d. for 10 doses) in combination
with paclitaxel (175 mg/m2 single 3-h i.v. infusion on day
2 or 3) were examined in a phase I, dose-escalation,
pharmacokinetic study involving 29 patients with solid
tumors (ovary, breast, gastric, non-small cell lung and
esophagus). The DLT of neurotoxicity was reached at
250 mg/m2 zosuquidar requiring a reduction in the num-
ber of doses from 10 to 7, 5 and 3 for doses of 200, 250
and 300 mg/m2, respectively. The toxicities observed
related to zosuquidar were hallucinations (grade 3 ob-
served at the highest dose in 3 patients) and tremor
(grade 2 appeared to be related to duration of zosuquidar
treatment); moderate paclitaxel-related toxicities were
also observed. It was concluded that combination treat-
ment was well tolerated. Two patients with ovarian cancer
and 1 patient with breast cancer had partial remissions.
The AUC, Cmax or t1/2 values for paclitaxel were not
altered by zosuquidar coadministration in most patients
with the exception of the high paclitaxel AUC values seen
in 3 of 8 patients receiving 3 doses of 300 mg/m2

zosuquidar (38.4 ± 17.6 vs. 25.4 ± 7.2 µM.h with pacli-
taxel alone). The paclitaxel dose has been increased to
225 mg/m2 (41).

The toxicity and pharmacokinetics of oral zosuquidar
(200, 400 or 500 mg every 12 h on days 1 and 2 for 3
doses) in combination with first-line CHOP (starting on
day 2 in cycles 1, 3 and subsequent cycles every 3
weeks: 750 mg/m2 cyclophosphamide, 50 mg/m2 doxoru-
bicin, 1.4 mg/m2 vincristine and 100 mg p.o. prednisolone
[for 5 days]) were evaluated in a phase I trial involving 11
de novo patients with non-Hodgkin�s lymphoma. Repor-
ted toxicities related to zosuquidar were moderate tremor
(4 patients), moderate ataxia (1 patient) and mild dys-
phagia (1 patient); minor to moderate CHOP-related toxi-
cities were also seen. Grade 3 constipation was reported
in 1 patient receiving 400 mg/m2 zosuquidar in cycle 1
requiring a 50% reduction in vincristine dose in subse-
quent cycles. No significant pharmacokinetic interactions
were detected with vincristine and doxorubicin combined
with zosuquidar (42).

A phase I, dose-ranging trial involving 12 patients with
acute myeloid leukemia (AML; median WBC = 3.5 x 109/l)
is examining the efficacy and pharmacodynamics of

Both zosuquidar and vinorelbine were associated with
abnormal stools. Zosuquidar was found to worsen
vinorelbine-induced myelosuppression, indicating that
suppression of Pgp in normal tissue can potentiate the
effects of oncolytics. It was concluded, however, that the
myelosuppression observed with coadministration was
clinically manageable (36).

Similarly, zosuquidar (10 or 90/45 mg/kg/day continu-
ous 120-h i.v. infusion) had no effect on the pharmacoki-
netics of doxorubicin (1 mg/kg 20-min i.v. infusion starting
after 72 h of zosuquidar) in dogs coadministered the
agents. The Cmax values obtained were 351, 458 and 322
ng/ml and AUC0-∞ values were 115, 142 and 121 ng.h/ml
in animals given doxorubicin alone or in combination with
10 or 90/45 mg/kg zosuquidar, respectively. Once again,
zosuquidar enhanced doxorubicin-induced myelosup-
pression (37).

Clinical Studies

The safety and tolerability of zosuquidar (20, 40, 80,
10, 320, 300 or 400 mg/m2 p.o. every 12 h for 7 doses or
every 8 h for 10 doses on days 1-4 of a 21 [cycle 1 only]-
or 35-day cycle) in combination with doxorubicin (45, 60
or 75 mg/m2 30-min i.v. infusion starting 2 h after the AM
dose of zosuquidar on day 15 of cycle 1 or day 3 of sub-
sequent cycles) were reported from results of a phase I,
dose-escalation study involving 38 patients with
advanced nonhematological malignancies. The dose-lim-
iting toxicity (DLT) for zosuquidar was neurotoxicity man-
ifested as cerebellar dysfunction, hallucinations and
palinopsia, and the maximum tolerated dose (MTD) was
300 mg/m2 every 12 h for 4 days. Coadministration of
zosuquidar did not affect the pharmacokinetics of doxoru-
bicin or doxorubicin-induced myelosuppression. Ex vivo
analysis of patient peripheral blood CD56+ NK cells at 72,
73 and 96 h postdosing with zosuquidar revealed that
greater Pgp inhibition in NK cells was associated with
higher plasma zosuquidar concentrations (38). The
results of this study and those that follow are summarized
in Table III.

A phase I study involving 7 patients with advanced
solid malignancies (sarcoma, melanoma, head and neck
and lung) examined the safety and tolerability of
zosuquidar (100, 200 or 300 mg/m2 p.o. b.i.d. on cycle
days 1-3) combined with docetaxel (75 mg/m2 i.v. on days
1-3 alone in cycle 1 and in combination in subsequent
cycles). A total of 17 cycles were completed. Reversible
grade 3/4 toxicities observed were neutropenia in 11
cycles and myalgia in 2 cycles. Analysis of cycles 1 and
2 suggests that none of the zosuquidar doses enhanced
docetaxel-induced neutropenia. To date, 3 patients have
stable disease but no responses have been observed.
The pharmacokinetics of the agent alone and in combi-
nation are being examined and accrual to 300 mg/m2

zosuquidar is ongoing (39).
The safety, tolerability and efficacy of zosuquidar

(100, 200 or 300 mg/m2 p.o. every 8 or 12 h for 3 days

Drugs Fut 2003, 28(2) 131



132 Zosuquidar Trihydrochloride

Table III: Cinical studies of zosuquidar  (from Prous Science Integrity®).

Indication Design Treatments n Conclusions Ref.

Cancer Open Zosuquidar, 20 mg/m2 po bid x 7 doses + 38 Zosuquidar inhibited P-glycoprotein 38
Doxorubicin, 45 mg/m  iv over 30 min on and enhanced the antitumor activity
d 15 1x/21 d (n=3) of doxorubicin with no pharmacokinetic 

Zosuquidar, 40 mg/m2 po bid x 7 doses + interaction or increase in toxicity. The 
Doxorubicin, 45 mg/m2 iv over 30 min on d maximum tolerated dose for 
15 1x/21 d (n=4) zosuquidar was 300 mg/m2

Zosuquidar, 80 mg/m2 po bid x 7 doses + 
Doxorubicin, 45 mg/m2 iv over 30 min on d
15 1x/21 d (n=3)

Zosuquidar, 160 mg/m2 po bid x 7 doses +
Doxorubicin, 45 mg/m2 iv over 30 min on d
15 1x/21 d (n=4)

Zosuquidar, 320 mg/m2 po bid x 7 doses + 
Doxorubicin, 45 mg/m2 iv over 30 min on d
15 1x/21 d (n=3)

Zosuquidar, 400 mg/m2 po tid x 10 doses + 
Doxorubicin, 45 mg/m2 iv over 30 min on d
15 1x/21 d (n=3)

Zosuquidar, 300 mg/m2 po tid x 10 doses + 
Doxorubicin, 45 mg/m2 iv over 30 min on d
15 1x/21 d (n=3)

Zosuquidar, 300 mg/m2 po tid x 10 doses + 
Doxorubicin, 60mg/m2 iv over 30 min on d
15 1x/21 d (n=3)

Zosuquidar, 300 mg/m2 po tid x 10 doses + 
Doxorubicin, 75 mg/m2 i.v. over 30 min on d
15 1x/21 d (n=2)

Zosuquidar, 300 mg/m2 po bid x 7 doses + 
Doxorubicin, 75 mg/m2 iv over 30 min on d
15 1x/21 d (n=10)

Cancer Open Zosuquidar, 100 mg/m2 po bid on d 1-3 + 7 Zosuquidar plus docetaxel was well 39
Docetaxel, 75 mg/m2 iv tolerated in patients with solid tumors

Zosuquidar, 200 mg/m2 po bid on d 1-3 + 
Docetaxel, 75 mg/m2 iv

Zosuquidar, 300 mg/m2 po bid on d 1-3 + 
Docetaxel, 75 mg/m2 iv

Cancer Open Zosuquidar, 100 mg/m2 po tid on d 2-4 + 16 Zosuquidar plus vinorelbine had 40
Vinorelbine, 30 mg/m2 1/wk 1x/28 d (n=3) manageable toxicity, with grade 4 

Zosuquidar, 200 mg/m2 po bid on d 2-4 + neutropenia being the dose-limiting 
Vinorelbine, 22.5 mg/m2 1/wk 1x/28 d (n=7) toxicity at doses of 200 mg/m2 b.i.d. 

Zosuquidar, 200 mg/m2 po tid on d 2-4 + combined with vinorelbine 30 mg/m2

Vinorelbine, 30 mg/m2 1/wk 1x/28 d (n=3) once weekly in patients with advanced 
Zosuquidar, 300 mg/m2 po bid on d 2-4 + solid tumors

Vinorelbine, 22.5 mg/m2 1/wk 1x/28 d (n=3)

Cancer Open Zosuquidar, 100 mg/m2 po tid x 10 doses + 29 Aside from reversible neurotoxicity, 41
Paclitaxel, 175 mg/m2 iv over 3 h on d 3 zosuquidar was well tolerated in 

Zosuquidar, 200 mg/m2 po tid x 7 doses + patients with solid tumors. Combination 
Paclitaxel, 175 mg/m2 iv over 3 h on d 3 of zosuquidar with paclitaxel did not 

Zosuquidar, 300 mg/m2 po tid x 7 doses + show drug interactions
Paclitaxel, 175 mg/m2 iv over 3 h on d 3

Zosuquidar, 300 mg/m2 po tid x 3 doses +
Paclitaxel, 175 mg/m2 iv over 3 h on d 2

Zosuquidar, 250 mg/m2 po tid x 3 doses +
Paclitaxel, 175 mg/m2 iv over 3 h on d 2

Non-Hodgkin�s Open Zosuquidar, 200 mg po bid x 3 doses + 11 Combination of oral  zosuquidar with 42
lymphoma Cyclophosphamide, 750 mg/m2 + Doxorubicin, full doses of cyclophosphamide, 

50 mg/m2 + Vincristine, 1.4 mg/m2 + doxorubicin, vincristine and 
Prednisolone, 100 mg po 1x/21 d (n=3) prednisolone was effective in producing 

Zosuquidar, 400 mg po bid x 3 doses + maximal inhibition of P-glycoprotein, 
Cyclophosphamide, 750 mg/m2 + Doxorubicin, with no drug interactions being observed
50 mg/m2 + Vincristine, 1.4 mg/m2 + 
Prednisolone, 100 mg po 1x/21 d (n=3)

Zosuquidar, 500 mg po bid x 3 doses +
Cyclophosphamide, 750 mg/m2 + Doxorubicin,
50 mg/m2 + Vincristine, 1.4 mg/m2 + 
Prednisolone, 100 mg po 1x/21 d (n=5) 42

Continuation



positive Rh123 efflux activity before zosuquidar dosing
exhibited Pgp inhibition postdosing. In addition, genetic
polymorphism of the MDR1 gene was investigated in
zosuquidar-treated patients. Data from normal subjects
have identified single nucleotide polymorphisms at
nucleotide position 2677 within exon 21 or position 3435
within exon 27 as being possibly related to altered
expres-sion and/or activity of the MDR1 transporter. In
this phase II study, exons 21 and 27 of the MDR1 gene
were amplified from isolated genomic DNA of leukemic
myeloblasts from 27 and 29 patients, respectively.
Analysis of sequence data found no consistent trends
between clinical responses to combination treatment
including zosuquidar and genotype at position 2677 or
3435 (44-46).

Several randomized, placebo-controlled, double-blind
phase III trials involving zosuquidar in combination with
oncolytics are currently recruiting patients. One trial will
examine whether addition of zosuquidar during conven-
tional induction and postremission standard chemothera-
py will increase survival of patients older than 60 years of
age with newly diagnosed AML, RAEB-t or high-risk
RAEB-t. Another phase III trial is planned also in elderly
patients (60 years or older) with newly diagnosed AML,
RAEB-t or high-risk RAEB. This study will compare the
overall survival and progression-free survival of patients
treated with daunorubicin and cytarabine with or without
zosuquidar (47).

Zosuquidar continues to undergo phase III trials in
patients with acute myeloid leukemia.

Source

Eli Lilly and Company (US); licensed from Roche
Bioscience (US).

zosuquidar (200, 300 or 400 mg/m2 as a 3-h or 6-h i.v.
infusion on days 3 and 5) in combination with daunoru-
bicin (50 mg/m2 on days 1, 3 and 5) and cytarabine (cyto-
sine arabinoside; 200 mg/m2 on days 1-7). Eight patients
had a complete response and 1 patient had a partial
response; 2 patients with refractory leukemia and 1 with
an infection died. Ex vivo analysis of CD56+ NK cells
showed that zosuquidar treatment was related to rapid
and complete inhibition of Rh123 efflux (i.e., Pgp modula-
tion) from cells (95% inhibition at 1 h of infusion, 90.5% at
2-3 h postinfusion); similar results were obtained for
CD33+ gated blast cells from 4 patients. Four patients had
overexpression of Pgp while no Pgp overexpression was
observed in 8 others according to quantitation using an
MRK16 monoclonal antibody (43).

A phase II trial involving 52 patients with newly diag-
nosed high risk AML, refractory anemia with excess
blasts in transformation (RAEB-t) or relapsed/refractory
AML/RAEB-t examined the efficacy and tolerability of
zosuquidar (480 mg/m2 96-h continuous i.v. infusion on
days 1-4 or 320 mg/m2 72-h i.v. infusion on days 1-4; 4
patients received a second cycle on day 10) in combina-
tion with daunorubicin (45 mg/m2/day i.v. over 10 min on
days 2-4) and high-dose cytarabine (1.5 g/m2 i.v. over 2 h
every 12 h for 8 doses starting on day 5). Of 3 patients
treated with the highest dose of zosuquidar, 2 developed
reversible grade 3 ataxia. Of the 49 patients treated with
the lower zosuquidar dose, 3 patients developed
reversible grade 3 ataxia and 8 patients experienced con-
fusion and agitation. Of the 39 patients evaluable for
response, 15 had a complete response, 9 had a partial
complete response (< 5% marrow blasts but a platelet
count of > 100,000), 5 had a partial response and 10
patients were refractory; 8 patients died during induction
therapy. Ex vivo analysis of Pgp function from bone mar-
row mononuclear cells (CD34+ and CD34�) from 45
patients showed that 28 (90%) of the 31 samples that had

Drugs Fut 2003, 28(2) 133

Table III Cont.: Cinical studies of zosuquidar  (from Prous Science Integrity®).

Indication Design Treatments n Conclusions Ref.

Acute myeloid Open Zosuquidar, 200 mg/m2 iv over 6 h on d 3-5 + 12 Zosuquidar was effective in inhibiting 43
leukemia Daunorubicin, 50 mg/m2 on d 1, 3 and 5+ P-glycoprotein in patients with acute 

Cytarabine, 200 mg/m2 d 1-7 (n=4) myeloid leukemia
Zosuquidar, 300 mg/m2 iv over 6 h on d 3-5 +

Daunorubicin, 50 mg/m2 on d 1, 3 and 5+
Cytarabine, 200 mg/m2 d 1-7 (n=3)

Zosuquidar, 400 mg/m2 iv over 3 h on d 3-5 +
Daunorubicin, 50 mg/m2 on d 1, 3 and 5+
Cytarabine, 200 mg/m2 d 1-7 (n=5)

Acute myeloid Open HD: Daunorubicin, 45 mg/m2/d iv over 10 min 52 Zosuquidar plus daunorubicin and 44-46
leukemia on d 2-4 + Cytarabine, 1.5 mg/m2 iv over 2 h cytarabine combination was effective

bid on d 5-8 + Zosuquidar, 480 mg/m2/d iv in inhibiting P-glycoprotein and 
over 96 h on d 1-4 (n=3) showed antitumor activity with similar 

LD: Daunorubicin, 45 mg/m2/d iv over 10 min on response rates irrespective of the A
d 2-4 + Cytarabine, 1.5 mg/m2 iv over 2 h bid or T genotypes at positions 2677 and 
on d 5-8 + Zosuquidar, 320 mg/m2/d iv over 3435 in patients with high risk acute 
72 h on d 1-4 (n=49) myeloid leukemia. Nevertheless,

neurologic toxicity should be monitored
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