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ABSTRACT

The new nonimmunosuppressive cyclosporin analogue, SDZ PSC 833,
is a very potent multidrug-resistance modifier. In vitro, it was shown to
be at least 10-fold more active than cyclosporin A (Sandimmune), itself
more active than verapamil, on most P-glycoprotein-expressing multi-
drug-resistant (MDR) tumor cell lines. In vivo, SDZ PSC 833 was tested
in a few protocols of combined therapy with either Vinca alkaloids or
doxorubicin as anticancer drugs, using the homologous tumor-host system
(P388 cells of DBA/2 origin grafted into DBA/2 or B6D2F1 mice).
Although these MDR-P388 tumor cells belong to a highly resistant
variant that in vitro required about 150-fold more anticancer drug for
50% cell growth inhibition than the parental P388 cells, significant
prolongation of survival times of the MDR-P388 tumor-bearing mice was
obtained when treated with a combination of SDZ PSC 833 p.o. were
otherwise ineffective doses of anticancer drugs given i.p. This chemosen-
sitizing effect of SDZ PSC 833 was dose-dependent and was most
effective in a protocol combining administration of SDZ PSC 833 p.o. 4
h before a doxorubicin i.p. injection: in comparison with the survival of
MDR-P388 tumor-bearing mice treated with the anticancer drug alone,
the pretreatment with SDZ PSC 833 at 25 and 50 mg/kg gave 2- to 3-
fold increases of survival times. Since the MDR-P388 tumor cells used
in our studies belong to a highly resistant variant, with a much higher
degree of drug resistance than the one known to occur in cancer patients,
SDZ PSC 833 appears to be a very promising chemosensitizer.

INTRODUCTION

Treatment of cancer with potent antitumor chemotherapeu-
tics is frequently impaired or inefficient because of either innate
or acquired resistance of the tumor cells. Most often, the
resistance extends to several ACD4 of unrelated structural

classes and mechanisms of action, a phenomenon widely known
under the name of MDR (1). A common mechanism by which
tumor cells acquire MDR is the overexpression of a particular
class of transmembrane glycoproteins called Pgp. By rapidly
effluxing the ACDs out of the cells as soon as they have
passively diffused within them, Pgp molecules decrease the
intracellular concentration of the ACD below their active
threshold (2).
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methylamino)ethyl-2,6-dimethyl-4-(2-isopropyl-pyrazolo[ 1,5-Â«]pyridine-3-yl)1,4-
dihydropyridine-3,5-dicarboxylate; MIX, 100 lU/ml penicillin-streptomycin, 2
mM glutamine, 10 mM Hepes buffer, 0.02 mg/ml Asn, Ix Minimal Essential
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In vitro, it is possible to overcome this Pgp-pump-escaping
mechanism by increasing the ACD concentration in the me
dium surrounding the MDR cells. However, this cannot be
done in vivo. Indeed, in practice, cancer treatments are already
performed with ACD regimens close to the MTD, and any
further dosage increase of the chemotherapeutic agents leads to
severe toxic consequences (neurotoxicity, myelotoxicity, hepa-
totoxicity, etc.).

Several studies have allowed the identification of a variety of
agents that, in vitro, can restore the full anticancer agent sen
sitivity of MDR tumor cells, or at least decrease their resistance
(3). Such chemosensitizers, or RMA, have a variety of struc
tures. They seem to work by blocking the effluxing function of
Pgp, although this has not been conclusively shown for either
of them. Thus, this functional neutralization of the MDR-
causing pump restores the normal accumulation and distribu
tion of ACDs within the cells and therefore their sensitivity (3).

Though numerous in vitro studies have described new RMAs,
including CsA (Sandimmune) (4, 5), very few studies have
shown beneficial effects of the use of such RMAs in vivo for
MDR-tumor treatment in animal models. This is partly linked
to the high generalized toxicity of several of those agents, which
qualify them only as research tools, but also to the difficulty of
designing combined therapy protocols with both ACDs and
RMAs as well as to the very high degree of drug resistance of
experimental MDR-tumor cell lines.

For a number of years, cyclosporin research has generated a
large family of related molecules essentially to find compounds
with improved immunosuppressor specificity and decreased
host toxicity. Screening of a few hundred of these compounds
allowed us to clearly separate the 2 known properties of the
cyclosporin molecule (6), i.e., its immunosuppressive activity,
possibly mediated through its interaction with cyclophilin (7),
and its multidrug-resistance reversing activity, possibly me
diated through its interaction with P-glycoprotein (8). Several
hundred semisynthetic, nonimmunosuppressive cyclosporins
were then studied, and the structure-activity relationships were
then integrated with help of computer modeling. Eventually,
the simplest possible cyclosporin derivative endowed in vitro
with the near maximally achievable MDR-reversing potency
was then selected: PSC (9). At submicromolar concentrations,
this RMA was capable of normalizing in vitro the ACD-de-
pendent growth inhibition of tumor cells (9), whose high degree
of MDR correlated with a high level of Pgp expression, and to
restore their intracellular ACD retention to normal levels (10).

The present paper describes some protocols showing that in
vivo PSC can also restore sensitivity of a MDR tumor to 2
different classes of ACD.

MATERIALS AND METHODS

Drugs. For in vitro experiments, COL (Sandoz), VCR (vincristine
sulfate; Serva, Heidelberg), DAU (Sigma, St. Louis, MO), and DOX
(Sigma) were prepared as stock solutions in culture medium, whereas
VBL (vinblastine sulfate; Janssen Chimica) and VP-16 (Sandoz) were
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prepared in DMSO. Ver (Sigma), CsA (Sandoz), and PSC (Sandoz)
were prepared as stock solutions in absolute ethanol (9).

For in vivo studies, the RMAs (Ver, CsA, and PSC) were dissolved
at 10 mg/ml in either olive oil or the "G-solution" (Sandoz, Basel),

which is the vehicle classically used for p.o. administration of cyclo-
sporin G as immunosuppressive agent. The RMAs were given to the
mice by gavage P.O., as a function of mouse weight, at various times
according to the different protocols. Control mice received the same
volume of the vehicle only. The ACDs were given as a function of
mouse weight, either injected i.p. for VCR, VBL, and DOX, or given
by gavage p.o. for VP-16; control mice received the vehicle only as
placebo. VCR was dissolved in 0.9% NaCl, with a new solution being
freshly prepared each day of treatment; dilutions were performed in
0.9% NaCl. VBL was dissolved in DMSO (as stock solution at 25 mg/
ml for most experiments or up to 100 mg/ml for some specific ones);
dilutions were performed in 0.9% NaCl or phosphate-buffered saline (a
3 /ig/ml solution in 0.9% NaCl contained 0.012% DMSO). DOX was
dissolved at 1 mg/ml in 0.9% NaCl as stock solution and diluted in
0.9% NaCl. VP-16 was dissolved in the "G-solution" and diluted in the

same solvent.
Tumor Cell Lines in Vitro. The murine monocytic leukemia P388

cell lines (11) were obtained from Dr. M. Grandi (Farmitalia, C. Erba
Research Center, Milano, Italy). The Par-P388 and MDR-P388 cell
lines were maintained in RPMI 1640 (Gibco) supplemented with 10%
fetal calf serum, MIX, 5 x 10~5 M mercaptoethanol, 1 HIM sodium

pyruvate, and 1x minimal essential medium nonessential amino acids
(all from Gibco). The MDR-P388 cells were continuously grown in the
presence of the drug used for their selection (0.25 Mg/ml DOX). Eight
to 24 h before each experiment, the culture medium of the MDR cell
lines was removed and the cells were grown in drug-free medium. The
cell growth was measured by the MTT method in triplicate cultures in
microculture plates as described previously (6). The ACD sensitivity
assays and RMA tests were performed with cells cultured for 3 days at
37Â°Cas described elsewhere (9).

In Vivo Studies with Tumor-bearing Mice. All the in vivo tumor cell
grafts were performed with in vivocultured cells whose drug sensitivity
or resistance and susceptibility to chemosensitization had been con
trolled shortly before injection. No mouse tumor to mouse recipient
grafts were performed.

We used i.p. isografts of P388 cells in female 6-8-week-old syngeneic
DBA/2 or semiallogeneic (C57BL/6 x DBA/2) Fl hybrids (B6D2F1
mice; IFFA-CREDO, 69210 L'Arbresle, France). In life monitoring

was restricted to daily body weight measurement, examination of ascites
development, and recording of time of death. The growth kinetics of
isologous grafts of our P388 cells (either parental or MDR) and the
mouse death kinetics were similar, though not identical, in the 2 types
of recipients. However, the MDR-P388 tumors were more aggressive
than the Par-P388 tumors and killed the mouse recipients earlier.

In preliminary standardization experiments, increasing numbers of
cells in the inoculum, up to 5 x 106-107cell, were found to progressively

hasten death up to a plateau in the mean survival time of the mice: no
faster killing of the host was obtained by further increasing the size of
the inoculum. Whereas in early experiments we used the 5 x IO6cell
inoculum size, in later experiments we used IO6cells only: this 5-fold

reduction in the P388 cell numbers, which needed to be produced by in
vitro culture and to be regularly monitored for constancy of their MDR
properties, delayed the death of the mice by about 3 days in the case of
DBA/2 mice. B6D2F1 mice were always grafted with IO6cells only.

Evaluation of Chemotherapy Assays. The MSTs were recorded fol
lowing various drug treatment protocols. To represent the variability
of response within an experimental group, an index of individual
variability was used and calculated like a SD of the mean of the values
obtained with the individual mice of the group (as if there were several
values determined independently for measurement of a single individual
mouse). In some cases, particularly when 1 or 2 mice in a group showed
an abnormally short or long survival in comparison with the rest of the
group and other comparable groups in independent experiments with
the same protocol, we used the median survival time to compare the
groups. The statistical significance of the survival data of drug-treated

groups versus untreated groups or of combined versus single therapy
were evaluated by P values (Student's / test, unpaired data).

Mouse survival times in the different groups were also compared as
T/C ratios (percent), i.e., the ratio of survival time (in days) for treated
mice to untreated control mice. In a few instances where the same
dosages of anti-cancer drugs were given in the single and combined
therapy, mouse survival times were also compared as Tc/Ts ratios
(percent), i.e., the ratio of survival time of the combined (RMA + ACD)
therapy group to the survival time of the single (ACD) therapy group
treated with the same ACD dose.

As in standard National Cancer Institute protocols for screening new
ACDs (12), we considered survival increases that corresponded to T/C
ratios around 120% to be "marginal" (even if differences between the

treated and control groups of mice gave a highly significant P value).
When T/C ratios were between 120% and 150%, we qualified the
survival increase of "clear" and when equal or superior to 150%, we
considered it as "marked."

General Description of the Different Combined Chemotherapy Proto
cols. Our first protocols of combined therapy were based on those that
allowed other researchers to show the potentiating effects of Ver and
AHC-52 for Vinca alkaloid-mediated increase of the survival of mice
that had been grafted with a moderately resistant line of MDR-P388
cells (13, 14). Thus, in a very similar fashion, we used 6-8-week-old
DBA/2 or B6D2F1 mice. The 0 time on day 0 was the time of
administration of the first drug, either the ACD or the RMA. The mice
were pre-inoculated i.p., at day 0 (4 h before 0 time), with 5 or 1 x IO6
Par-P388 or MDR-P388 tumor cells, and treated by the combined

therapy protocols or their single or placebo therapy controls. Thus,
PSC (or CsA, Ver, or the vehicle only) was given p.o. at days 0, 2, and
4 or days 0, 1,2, 3, and 4 (depending on the protocol; see "Results"),
generally at the 100-mg/kg dosage (or lower ones in dose/response
studies). This RMA dosage had been arbitrarily chosen as it was about
half-way between the lowest Ver and AHC-52 dosages reported to be
effective in vivo (13, 14) and the highest daily dosages of CsA used in
immunosuppression of autoimmunity disorders in the mouse (15). The
ACD (VCR or VBL) was injected i.p. on the same days as the chemo-
sensitizers in the respective groups, with control mice receiving the
vehicles only. Their dosages [maximum 100 Mg/kg, also adapted from
the data of Tsuruo et al. (13, 14)], were significantly below their MTDs
within these protocols (see "Results").

Further PSC-assisted chemotherapy treatments with VP-16 (not
reported) or DOX (see "Results") used discontinuous treatments; typ

ically, the mice were treated with the RMA p.o. 4 h after the tumor cell
graft (day 0), followed a few h later (24 h in pilot studies, 4 h in later
studies) by administration of the ACD (either VP-16 p.o. or DOX i.p.).
Such a RMA and ACD treatment was repeated a few times at several-
day intervals, typically 3 times at 4-day intervals for the treatments
with DOX reported under "Results."

RESULTS

In Vitro Effects of PSC on Reversing Drug Resistance

In vitro effects of PSC have been extensively studied else
where (9) with 4 pairs of Par and MDR tumor cell lines (9). As
regards P388 tumor cells, the following concentration giving
50% cell growth inhibition (ACD, ng/ml) was obtained for the
Par-P388 cells: COL, 3.9; VCR, 7.8; DAU, 10.3; DOX, 35;
and VP-16, 125. For the MDR-P388 cells, the corresponding
concentration giving 50% cell growth inhibition values were
severalfold higher: 130x for COL, 157x for VCR, 158x for
DAU, 101x for DOX, and 140x for VP-16 (9). The Par-P388
cells could not be significantly sensitized by agents that interfere
with the Pgp-mediated efflux of ACDs, whereas PSC could
totally restore the drug sensitivity of the MDR-P388 cells (9).
Table 1 summarizes the molarities of PSC, CsA, and Ver
required to allow a 10-fold sensitization of the Pgp-expressing
MDR-P388 cells to 5 different cytostatic agents.
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Table 1 RMA molar Â¡ties(UM)giving a 10-fold chemosensitization
of the MDR-P388 cells

RMA molarity (Â¿IM)

ACDCOL

VCR
DA U
DOX
VP- 16Ver11.7

3.1
3.3
3.9

11.4CsA0.32

0.27
0.30
0.30
0.21PSC0.070

0.033
0.045
0.034
0.026

In Vivo Effects of PSC on Reversing Drug Resistance

Search for Effective and for MTDs ofACDs

Although ACDs could prolong the survival of mice bearing
the Par-P388 tumor cells (see below), neither VCR or VBL
(Table 2), nor DOX (see below) or VP-16 (not shown) alone
could significantly prolong the survival of MDR-P388 tumor-

bearing mice up to the high ACD dosages that were severely
toxic for the mice themselves (i.e., toxic for non-tumor-bearing

mice).
Table 2 shows the effects of various doses of VCR or of VBL

on the survival of 6-8-week-old DBA/2 or B6D2F1 mice that
had been grafted at day 0 with a IO6MDR-P388 cell inoculum.

The mice were then treated 5 times with the indicated amounts
of ACD, injected i.p. once a day for 5 consecutive days, starting
at day 0. Neither VCR nor VBL could prolong the survival of
the MDR-P388 tumor-bearing mice, thus confirming in vivo
their high degree of resistance found in vitro (10). The daily
dosage of 3000 Mg/kg was so toxic that it killed the mice earlier
than the usual time (10-12 days) at which they die from the
tumor. However, at the 1000-Mg/kg dosage, the mice showed a
marked weight loss and died without having recovered their
initial weight, but with a large tumor development. Similar data
(not shown) with non-tumor-bearing mice suggest that, with
this treatment protocol and at least for these 2 mouse strains,
the MTD measured at 60 days after initiation of the treatment
must be around 300 Mg/kg for both these Vinca alkaloids, with
VBL appearing to be slightly less toxic than its congener
vincristine.

Assays of Combined Therapy ofMDR-P388 Tumor-bearing

Mice
Repeated Administration of Vinca Alkaloids as ACD (Table

3). The protocols of combined therapy were similar to those
showing the potentiating effects of Ver and AHC-52 for VÃ¬nca
alkaloid-mediated increase of the survival of mice that had been
grafted with a moderately resistant line of MDR-P388 cells
(13, 14). Thus, 6-8-week-old DBA/2 mice (males in Table 3A,
females in Table 3, B-D) or B6D2F1 female mice (Table 3E)
were pre-inoculated i.p., at day 0 (4 h before 0 time), with 5
(Table 3, A and B) or 1 (Table 3, C-E) X 10" Par-P388 or
MDR-P388 tumor cells and treated by the combined therapy
protocols or their single or placebo (V) therapy controls. PSC
(or CsA, Ver or the V only) was given p.o. at days 0, 2, and 4
(Table 3A) or at days 0, 1,2, 3, and 4 (Table 3, B-E), at 100
mg/kg. VCR (Table 3A) or VBL (Table 3, B-E) was injected
i.p. on the same days as the chemosensitizers in the respective
groups, with control mice receiving the V only. Most combined
therapy protocols used the less toxic VBL as ACD; furthermore,
less VBL was used in the combined therapy treatment (maxi
mum 30 Mg/kg) than in the single therapy treatment (100 Mg/
kg).

In a pilot experiment performed with VCR as ACD (Table
3A), neither the Par-P388 tumor-bearing mice nor the MDR-
P388 tumor-bearing mice showed a longer survival after treat
ment with VCR alone. However, mice exposed to the combined
therapy showed marked prolongations of survival for MDR-
P388 tumor-bearing mice, though the results with the Par-P388
tumor-bearing mice were very variable and not significant.

In another pilot experiment (Table 3B), VBL, both at 100
Mg/kg alone and at 30 Mg/kg in combination with PSC (100
mg/kg), gave similar prolongation of survival of the Par-P388
tumor-bearing mice (T/C = Â±130%),suggesting a higher effi
cacy of VBL in the presence of PSC than in its absence. In the
case of the MDR-P388 tumor-bearing mice, however, VBL at
100 /Â¿g/kgalone did not prolong the survival of the mice (T/C
< 120%), whereas in combination with PSC, VBL at 30 Mg/kg
markedly increased their survival (T/C = 184%).

PSC Dosage Dependence. Under similar conditions but with
inoculums of IO6P388 cells only (Table 3C), comparable results
were obtained with Par-P388 tumor-bearing mice: the survival
increases obtained by VBL alone at 100 Mg/kg were poor (T/C
= Â±120%)and not statistically significant (P = 0.13), but the
combination of VBL at 30 Mg/kg with PSC at 100 mg/kg gave
a clearer (T/C = 140%) and significant (P = 0.001) increase of
survival. In the case of the MDR-P388 tumor-bearing mice,
VBL alone at 100 Mg/kg could not prolong mouse survival;
however, VBL at 30 Mg/kg markedly prolonged mouse survival,
when used in combination with PSC at 100 mg/kg (T/C =
150%), lower PSC dosages (50, 25, or 12.5 mg/kg) being less
(T/C = 127% for 50 mg PSC) or not efficient.

Comparison of PSC, CsA, and Ver. PSC, CsA, and Ver, used
in identical conditions, were compared (Table 3D). With Par-
P388 cell-grafted mice, none of the chemosensitizers when used
alone at 100 mg/kg significantly changed the survival of the
mice, whereas VBL gave a marginal (T/C = Â±120%)but not
statistically significant (P = 0.19) increase of survival at 100
Mg/kg and none when used alone at 30 Mg/kg; used in combi
nation with CsA, this dose of VBL allowed a marginally signif
icant (P = 0.005) prolongation of the survival, whereas the
other RMAs tested gave either no (Ver) or a nonsignificant
(PSC) survival increase. In the case of the MDR-P388 cell-
grafted mice, neither the RMAs alone at 100 mg/kg nor VBL
alone at 100 Mg/kg could increase the survival of the mice;
PSCâ€”but not CsA or Verâ€”could significantly (P = 0.001)
increase the survival of MDR-P388 tumor-bearing mice in the
combined therapy treatment with 30 Mg/kg VBL (T/C = 144%)
and even 15 Mg/kg VBL (T/C = 128%).

B6D2FI as Recipients. To explore the influence of the tumor
host strain on the chemotherapy response, B6D2F1 mice were
used instead of DBA/2 mice as tumor cell recipients in another
pilot experiment (Table 3E). The B6D2F1 mice were thus
treated with VBL and/or PSC and/or their vehicle controls for
5 consecutive days as above, but the VBL dosage was identical
(30 Mg/kg) when used alone or in combination with PSC (100
mg/kg). When grafted i.p. with IO6 tumor cells and treated by
the drug vehicles only, Par-P388 and MDR-P388 tumor-bear
ing B6D2F1 mice survived approximately 25-30 and 10-13
days, respectively (Table 3E). No or nonsignificant survival
changes were caused by PSC alone on both types of tumor-
bearing mice. VBL at 30 Mg/kg, alone or in combination with
PSC, generally increased the survival of Par-P388 tumor-bear
ing mice, but there was a high variability of the data within the
mouse groups so that the differences were not statistically
significant. Nevertheless, it was apparent that the combination
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Table 2 In vivo resistance ofMDR-P388 tumor cells up to the MTD"

DBA/2 mice B6D2F1 mice

Dailydrugdosage(xg/kg)030501002503005001,0002.5003,00010,000VCRMST
Â±IV*(days)9.2

Â±0.810.2
Â±1.29.0

Â±1.29.0

Â±0.09.0

Â±1.04.2

Â±2.3VBLT/C%10010998989846MST

Â±IV(days)10.7

Â±1.69.4

Â±0.610.8

Â±1.39.6

Â±0.64.8

Â±1.13.6
Â±0.5T/C%10088100904534VCRMST

Â±IV(days)13.4

Â±4.410.8

Â±1.610.2
Â±0.410.5

Â±1.013.0

Â±3.910.8
Â±2.74.7
Â±0.5T/C%100817678978135VBLMST

Â±IV(days)12.5

Â±4.310.8

+0.89.8
Â±0.510.8

Â±1.212.2

Â±3.99.8
Â±4.83.5
Â±0.8T/C%100867886987828

"The mice (10 DBA/2 or 5-6 B6D2F1 per group) were grafted i.p. with IO6 MDR-P388 tumor cells at day 0, and the Vinca alkaloids were given i.p. for 5

consecutive days from day 0.
* MST Â±IV, mean survival time Â±individual variability (calculated as SD of the mean); T/C%, MST of treated mice/MST of control mice (%).

Table 3 In vivo activity of PSC as RMA for Vinca alkaloids in Par-P388 and MDR-P388 tumor-bearing mice"

ChemotherapyRMA

p.o.
(mg/kg)A"

V
V
PSC (100)
PSC (100)ACD

i.p.
(Kg/kg)VVCR

(100)
V
VCR (100)MST

Â±IV*

(days)22.4

Â±0.5
22.0 Â±5.1
21.8 Â±2.4
26.2 Â±10.4Par-P388

tumorn9

8
6
6P<0.8

0.75
0.29T/C

(%r100

98
97

117MST

Â±IV
(days)8.1

Â±1.3
8.4 Â±1.2
8.5 Â±0.8

12.6 Â±2.7MDR-P388

tumorn9

9
6
9f0.58

0.52
0.001T/C

(%)c100

104
105
156

V
v
PSC (100)
PSC (100)

V
VBL (100)
V
VBL (30)

20.3 Â±0.5
27.1 Â±1.8
21.2 Â±1.1
27.6 Â±0.5

<0.001
0.076

<0.001

100
133
104
136

7.7 Â±1.5
8.4 Â±1.0
7.4 Â±0.6

14.2 Â±1.4

0.31
0.67

O.001

100
109
96

184

V
V
PSC (100)
PSC (100)
PSC (50)
PSC (25)
PSC (12.5)

V
VBL (100)
V
VBL (30)
VBL (30)
VBL (30)
VBL (30)

21.0 Â±3.8
25.8 Â±7.4
22.4 Â±2.8
29.4 Â±4.4

ND
N D
ND

0.13
0.42
0.001

100
123
107
140

10.7 Â±1.4
11.4Â± 1.6
11.1 Â±2.7
16.0 Â±3.7
13.6 Â±1.0
12.4 Â±1.3
9.8 Â±1.8

10
10
10
10

0.42
0.73
0.001

O.001
0.022
0.24

100
107
104
150
127
116
92

V
V
V
PSC (100)
PSC (100)
PSC (100)
CsA (100)
CsA(lOO)
CsA (100)
Ver (100)
Ver (100)

V
VBL (l00)
VBL (30)
V
VBL (30)
VBL (l5)
V
VBL (30)
VBL (15)
V
VBL (30)

21.6 Â±1.6
26.5 Â±3.6
21.6 Â±1.9
20.0 Â±0.8
25.2 Â±1.9

ND
23.8 Â±3.0
30.0 Â±3.7

ND
21.6 + 2.3
20.1 + 3.8

10
6
8
4
6

6
7

5
8

0.019
1.0
0.034
0.004

0.14
0.005

1.0
0.33

100
123
100
93

117

110
139

100
93

10.4 Â±1.6
9.1 Â±0.4

ND
9.0 + 0.6

15.0 + 2.1
13.3 Â±1.3
8.2 Â±0.8

10.4 Â±1.3
10.3+ 1.0
11.0 + 4.4
9.6+ 1.7

10
7 0.042

0.032
0.001
0.001
0.004
0.97
0.86
0.79
0.34

100
87

86
144
128
79

100
99

106
92

V
PSC (100)
V
PSC (100)

V
V
VBL (30)
VBL (30)

31.6 Â±10.0
31.1 Â±9.6
40.2 Â±16.2
43.9+14.0

5
7

10
7

0.95
0.30
0.13

100
98

127
133

12.7 Â±4.8
12.1 Â±1.0
12.4 + 6.9
17.4 Â±1.9

9
10
10

0.70
0.91
0.012

100
95
98

137
" Treatments with both RMA p.o. and Vinca alkaloids i.p. for 5 consecutive days.
* IV, individual variability.
c P values and T/C (%) ratios were calculated relative to the placebo-treated mouse control groups (grafted with tumor cells and exposed to drug vehicles).
d Parts A-E represent independently performed experiments. Parts A and B, 5 x 10' cells; parts C-E, 10' cells only. Parts A-D, DBA/2 mice; part E, B6D2F1

mice. Part A, VCR: parts B-E, VBL.

of PSC with 30 Mg/kg VBL prolonged the survival of MDR-
P388 tumor-bearing mice (T/C = 137%), whereas VBL alone
did not.

PSC Treatment Discontinuation. To assess whether it was
possible to interrupt the treatment with the RMA earlier than
the VBL treatment, some tumor-bearing mouse groups received
PSC only for the first 4, 3, or 2 days of the 5 consecutive days
of VBL therapy treatment (Table 4). In all conditions of com

bined therapy, Par-P388 tumor-bearing mice showed survival
increases that were similar to those obtained by treatment with
VBL alone, though again with a high variability within the
groups, making differences between groups not or poorly sig
nificant. However, the MDR-P388 tumor-bearing mice showed
the highest (and highly significant; P< 0.001) survival increases
when the PSC was given for the first 4 of the 5 consecutive
days of VBL treatment, but not if PSC administration was
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Table 4 In rivo activity of PSC (p.a., 100 mg/kg/day) as RMA for VBL (i.p., 30 ug/kg/day), in Par-P388 and MDR-P388 tumor-bearing B6D2FI mice"

Days with chemotherapy Par-P388 tumor MDR-P388 tumor

V0,V0,o.0,0,PSC1,2,3,41,2,3.41,2,31.21VVo.0,0,0,0.VBL2.3.42,3,42,3,42,3,42,3.4MST

Â±IV*

(days)24.2

Â±2.326.4
Â±2.534.8
Â±7.430.8
Â±4.838.3
Â±8.833.7
Â±5.741.5
Â±11.4Â«5555666Pc0.190.0160.0240.0070.0070.009T/C

(%Y100109144127158139171MST
Â±IV

(days)10.3

Â±0.510.8
Â±2.410.7
Â±1.413.0
Â±2.314.0
Â±1.512.0

Â±0.012.0
+ 0.6n6666666Pc0.630.590.019<0.001<0.0010.001T/C

(%)'100105104126136116116

Â°All mice were treated with drug V from day 0 to day 4. e.g.. if PSC treatment was given for only days 0 and 1, the mice still received its vehicle on days 2, 3, and

* IV, individual variability.
c P values and T/C (%) ratios were calculated relative to the placebo-treated mouse control groups (grafted with tumor cells and exposed to drug vehicles).

Table 5 Pilot assay (only 3-4 mice/group) for the in vivo study of PSC as RMA
for DO.V in Par-P388 and MDR-P388 tumor-bearing B6D2FI mice"

ChemotherapyPSC

p.o.
(mg/kg)VVVVV100100100tooDOX

i.p.
(mg/kg)V12631.54210.5MST

Â±IV*(days)No

tumor>6015.0+

2.0>60>60>6023.0

Â±16.850.0
Â±17.3>60>60Par

tumor24.0

Â±1.717.3

Â±2.9>6041.3

+16.249.3
Â±9.318.3

Â±9.356.0
Â±3.540.0
Â±18.347.0
Â±12.1MDR

tumor11.7

+0.612.7

Â±0.615.3
Â±4.215.713.717.320.515.33.52.93.53.03.213.3+

1.1
Â°Survival time of mice surviving longer than 60 days was taken as 60 days.

Tumor cells grafted at day 0, 4 h before 0 time: PSC treatments p.o. at days 0. 4.
and 8. starting at 0 time; DOX treatments i.p. at days 1, 5. and 9, precisely 24 h
after each PSC treatment.

* IV. individual variability.

interrupted earlier. Therefore, the maintenance of VBL efficacy
against the MDR-P388 tumor-bearing cells may require a pro
longed presence of PSC, though, at least under the conditions
of the test, the continuous administration of PSC for the entire
period of VBL treatment might not allow an optimal response.

Three Cycles of Administration of Topoisomerase II Inhibitors
as ACD (Tables 5-7). In preliminary experiments, a significant
prolongation of survival of Par-P388 tumor-bearing mice could
be achieved by treatment with DOX i.p., 3 times at 4-day
intervals from day 1 after the time of tumor cell inoculation
(this time = day 0). This schedule was kept for a pilot study
with a large number of different small groups (only 3-4 mice/
group) of 6-8-week-old B6D2F1 mice: the effects of 4 doubling
DOX doses (1.5,3,6, and 12 mg/kg) used alone were compared
with the effects of 3 times lower DOX doses (0.5, 1, 2, and 4
mg/kg) used in combination with PSC (100 mg/kg). DOX (or
its vehicle only) was injected i.p. at days 1, 5, and 9, whereas
PSC (or its vehicle only) was given by gavage (p.o.) as pretreat
ment, 24 h before each of the DOX injections, thus at days 0,
4, and 8.

Though the small numbers of mice per group limited its
significance, this pilot study (Table 5) gave some indication on
the effect of various dosages of DOX on the survival of 6-8-
week-old B6D2F1 mice, either not grafted or grafted with either
Par-P388 or MDR-P388 cells. With this treatment protocol,
DOX alone at 12 mg/kg led to accelerated death of healthy
control B6D2F1 mice (not grafted with tumor cells), whereas
only 4 mg/kg had similar consequences when given 24 h after
a pretreatment with PSC at 100 mg/kg. DOX alone was unable
at any dosage to prolong the survival of MDR-P388 tumor-
bearing mice, but could increase the survival of Par-P388 tu

mor-bearing mice, particularly at 6 mg/kg. When used in com
bination with PSC pretreatments, DOX at 2 mg/kg prolonged
the survival of Par-P388 and, moderately, MDR-P388 tumor-
bearing mice; lower DOX dosages gave less marked survival
increases.

Similar assays and pilot studies with another DNA topoisom-
erase II inhibitor (VP-16) as ACD led to similar results (not
shown) and conclusions: we found an increased survival of Par-
P388 tumor-bearing mice only by VP-16 alone and a potentia-
tion of lower administered dosages of VP-16 by PSC pretreat
ment; with MDR-P388 tumor-bearing mice, there was no pro
longation of survival by VP-16 alone, but some survival increase
(+70%) by the combined therapy with PSC.

Importance of the Timing: PSC p.a., 4 h before DOX i.p. The
efficacy of the PSC-assisted, DOX-based chemotherapy of
MDR-P388 tumor-bearing mice could be improved by changing
the time of administration of the 2 drugs, in order to take into
account the emerging pharmacokinetic features of PSC. Thus,
groups of 5-8 female B6D2F1 (6-8-week-old) were pre-inocu-
lated (4 h before 0 time) with MDR-P388 i.p. at day 0; PSC or
its vehicle was given p.o. at days 0 (0 time), 4, and 8, and DOX
was injected i.p. 4 h after each PSC administration (thus at day
0 + 4 h, day 4 + 4 h, and day 8 -I-4 h) (Table 6). The control
MDR-P388 tumor-bearing mice (exposed to drug vehicles only)
died with a MST of 12.8 days. As expected, treatment with
DOX alone did not result in a prolongation of MST ( 13.6 days).
Similarly, no effects on MST were observed in the groups
treated with PSC alone. However, the combined therapy re
sulted in a marked (and highly significant; P < 0.001) PSC
dose-dependent prolongation of the MST of the MDR-P388
tumor-bearing mice: when pretreated with 25 and 50 mg PSC/
kg each day of DOX treatment, their MST reached 28.7 and

Table 6 In vivo activity of PSC p.o. 4 h before each DOX i.p. in MDR-P388
tumor-bearing B6D2FI mice (5-8 mice/group)

ChemotherapyPSC

p.o.
(mg/kg)bV

V25

5025

50DOX

i.p.
(mg/kg)â€”V

2V

V22MDR-P388

tumorMST

Â±IV
(days)1

1.8Â±0.712.8

+ 2.1
13.6 +0.915.2

+ 5.0
13.6+1.828.7

Â±5.9
38.8 Â±6.7P"0.074

0.0060.134

0.057<0.001

<0.001T/C

(%)"100108

115129

115243328

Â°P values and T/C (%) ratios were calculated relative to the untreated mouse

control groups (grafted with tumor cells but not exposed to drug vehicles).
* â€”.no treatment (no placebo). Tumor cells grafted i.p. at day 0, 4 h before 0

time: PSC treatment at days 0. 4. and 8. starting at 0 time: DOX treatment at
davs 0, 4. and 8. 4 h after each PSC treatment.
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38.8 days, respectively, i.e., Tc/Ts ratios of 211% and 285%,
respectively, showing that the PSC-aided DOX therapy could
be 2-3-fold more effective than the single DOX therapy.

The results of a subsequent experiment (not shown) per
formed with a different batch of B6D2F1 mice kept in different
housing conditions (isolators) were essentially similar, except
for the occurrence of a few long-term survivors: 1 of 7 and 2 of
7 mice in the groups pretreated by, respectively, PSC p.o. (25
and 50 mg/kg) 4 h before DOX i.p. (2 mg/kg) could be
considered as cured, inasmuch as they survived without a tumor
much longer than 60 days (they were killed 150 days after
MDR-P388 cell inoculation). For the evaluation of treatment
efficacy, mice surviving longer than 60 days were regarded as
surviving 60 days; this gave Tc/Ts ratios of 165% and 187%
when PSC was used at, respectively, 25 and 50 mg/kg/day of
treatment in the combined therapy.

More recently, the PSC dose-dependence of the chemother
apy efficacy was confirmed in larger studies performed on mice
kept in isolators [Table 7A (DBA/2 mice) and Table 7B
(B6D2F1 mice) represent completely independent experi
ments]. These experiments were stopped at day 63 after tumor
cell inoculation, with the MST of surviving mice then consid
ered to be 63 days. While clear prolongations of survival of all
MDR-P388 tumor-bearing DBA/2 mice (Table 7A) could be
obtained by 2 mg/kg DOX provided that they had been pre
treated with PSC 4 h before each DOX administration, a clear
dose dependence was found: PSC at 6.25 and 12.5 mg/kg gave
clear survival increases (T/C of 131 and 137%), and better
survival increases were obtained with 25 mg/kg PSC (169%)
and 100 mg/kg PSC (150%). However, the best results were
obtained with 50 mg/kg PSC (T/C = 394%); 7 of 8 mice
actually survived in that group and could be considered as
cured. In the case of B6D2F1 exposed to the same experimental
design (Table 7B), DOX treatment efficacy again required
pretreatment with some PSC, but the dose dependence seemed
to be much less sharp than in the case of DBA/2: in the case of
B6D2F1, indeed, a broader range of PSC doses allowed marked
prolongations of survival of the MDR-P388 tumor-bearing
mice, with cures as well but possibly a lower proportion of them
at the optimal doses.

These last experiments suggest that within the assayed con
ditions of PSC-assisted DOX-based chemotherapy, i.e., 3 cycles
of PSC p.o. 4 h before DOX 2 mg/kg i.p., at 4-day intervals,
with our highly resistant MDR-P388 and with DBA/2 or
B6D2F1 mouse recipients, the optimal dosage of PSC must be
somewhere between 25 and 100 mg/kg/day of treatment, and
we presume that further refinements of the treatment protocols
may improve efficacy of the therapy.

DISCUSSION

SDZ PSC 833 [(3'-keto-Bmtl)-(Val2)-cyclosporin] repre

sents a novel class of RMA useful for the neutralization of
multidrug resistance mediated by Pgp-dependent efflux of ACD
out of the cancer cells and capable of reversing the M DR of
tumors both in vitro and in vivo. This compound is remarkably
free of untoward side effects and while being a member of the
cyclosporin family, it is virtually devoid of immunosuppressive
activity.

In vitro PSC is about one order of magnitude more potent
than CsA (9), which is itself about one order of magnitude
better (5) than other known chemosensitizers (including vera-

pamil, quinidine, and amiodarone, which have already entered

Table 7 In vivo activity of PSC p.o. 4 h before each DOX i.p. in MDR-P388
tumor-bearing DBA/2 mice (A, 6-8 mice/group) or B6D2FI mice

(B, 6-10 mice/group)

ChemotherapyPSC

p.o.
(mg/kg)AeVV6.2512.525501006.2512.52550100Bâ€”VV6.2512.525501006.2512.52550100Mean

survival
timedataDOX

i.p. MST Â±IV
(mg/kg)(days)â€”V2VVVVV22222â€”V2VVVVV2222216.5

Â±1.815.1

2.016.716.016.315.216.315.821.623.028.157.20.81.40.81.51.41.03.35.110.016.325.0

8.812.4+

1.013.3+

1.614.0+
1.412.8

Â±0.712.8
Â±2.212.7

Â±1.912.0
+0.612.3
Â±1.530.0

Â±9.729.7
Â±8.736.7
Â±10.247.9
Â±15.646.7+

13.0P*

10.230.840.600.840.180.860.440.0060.0130.016<0.0010.0390.250.0320.430.670.770.380.89<0.001<0.001<0.001Â«C0.001<0.0017C(%)'1009110197999299961311391703461511001071131031031029799242239296386377Median

survival
timedataMST16.016.016.516.016.515.516.515.521.022.027.063.024.012.013.014.013.013.012.012.012.027.526.534.548.540.5T/C

(%)100100103971039710397131137169394150100108117108108100100100229221287404337>Cures0/60/70/60/60/60/60/60/60/70/70/87/80/80/70/70/70/60/60/60/60/60/100/101/104/102/8

Â°IV. individual variability.
* P values and T/C (%) ratios were calculated relative to the untreated mouse

control groups (grafted with tumor cells but not exposed to drug vehicles).
' â€”,no treatment (no placebo). Tumor cell grafted i.p. at day 0. 4 h before 0

time; PSC treatment at days 0. 4, and 8. starting at 0 time; DOX treatment at
days 0, 4, and 8, 4 h after each PSC treatment. Mice still alive at day 63 (day of
sacrifice) Â«ereconsidered as surviving 63 days for the calculations of the mean
survival times.

clinical trials in MDR reversal). PSC completely reversed re
sistance of MDR-CHO, MDR-P388, and MDR-LoVo cells to
5 different ACDs (COL, VCR, DOX, DAU, and VP-16). It
was also much more effective than CsA or Ver in decreasing
the resistance of the highly resistant MDR-KB-V1 cells. PSC
was also slightly effective on Par-CHO and Par-LoVo cells
(which express small amounts of Pgp), but it had no significant
effect on Par-P388 and Par-KB cells (9).

Biochemical evidence suggests that the mechanism of action
of PSC might be related to its capacity to bind to Pgp,5 like

CsA (8), thereby interfering with the increased efflux of ACD.
Overexpression of Pgp may indeed cause an increased efflux of
a variety of ACD leading to the MDR cellular phenotype, the
MDR-P388 cells retaining only 5% of the amount of DAU
retained by the Par-P388 cells (10). Using this Par-P388 and
MDR-P388 tumor cell pair, we showed that PSC was indeed
much more active than CsA, quininide, amiodarone, verapamil,
and other RMAs for the functional inhibition of the Pgp-
mediated efflux of DAU (10). As little as 0.1 /Â¿g/ml(0.08 /JM)
PSC restored DAU retention in MDR-P388 cells to 60% of
the DAU retention in the Par-P388 cells. To completely restore
DAU retention in MDR-P388 cells to the level of Par-P388

*B. Ryffel, Sandoz internal report.
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cells, 2.5 ÃŸMPSC was sufficient in comparison with 25 /Â¿MCsA
and 100 ^M amiodarone, whereas other RM As at 100 /Â¿Mcould
restore drug retention only partly. Since PSC had no significant
effect on DAU retention by Par-P388 cells, it is assumed that
PSC works through the Pgp, largely expressed on the MDR-
P388 cell membrane and not on the Par-P388 cell membrane

(10).
Studies conducted in vivo confirmed the in vitro findings.

PSC produced a clear, dose-dependent protective effect in mice
inoculated with MDR-P388 tumor cells and treated with oth
erwise ineffective cytostatic ACD doses. When given 4 h before
DOX, PSC had a definite activity at 25 mg/kg, a dose similar
to the dose of CsA required to produce immunosuppression in
mice (15, 16) (note that cyclosporin metabolism in mice is
particularly high and that dosages used in human beings are 5-
10 times lower). Effective protection of the MDR-P388 tumor-
bearing mice was only possible when the ACD treatment was
given in conjunction with PSC, since in the absence of PSC,
the ACD did not exert a significant antitumor effect, even at
the maximal tolerated dose. These findings demonstrate that
the therapeutic effects obtained by the combined (PSC + ACD)
therapy treatment are due to the reversal of the tumor celi
iviDR by PSC.

A synergism of PSC with ACD was also observed in the case
of Par-P388 tumor-bearing mice. Similar chemotherapeutic
effects were obtained with 3-4-fold less ACD when PSC was
used as an adjunct to chemotherapy for the treatment of Par-
P388 tumor-bearing mice. This effect might be explained if
PSC influenced ACD pharmacokinetics, i.e., by a higher bio-
availability of VBL in the presence of SDZ PSC 833. Indeed,
in vitro, the Par-P388 cells were not sensitizable by the RMAs
(9), and neither express any detectable Pgp nor show any
detectable increase of ACD retention when exposed to RMA
(10). In the case of MDR-P388 tumor-bearing mice, however,
an increased VBL bioavailability would not be sufficient to
explain the therapeutic benefit of PSC cotreatment inasmuch
as there was no increase of the survival of MDR-P388 tumor-
bearing mice by simply increasing the VBL dosage (Table 3).

Pharmacokinetic interactions are certainly to be taken into
account, because it is known that coadministration of CsA with
a second drug may result in an altered drug bioavailability (16).
This finding prompted a series of investigations to assess
whether PSC would also alter the pharmacokinetics of ACD.
In rats, p.o. coadministration of PSC with VP-16 in rats re
sulted in a severalfold increase in the plasma peak level of the
VP-16.67 Although much less pronounced, similar interactions

seem to occur also in the case of DOX as ACD, but information
is still lacking in the case of Vinca alkaloids. Nevertheless, these
findings suggest that, when used in conjunction with PSC,
ACD must be dosed appropriately to avoid serious toxicity.
This point is extremely relevant in the clinical setting, since
ACDs are frequently used at the MTD, so that an unexpected
increase in their blood concentrations due to a pharmacokinetic
interaction could result in serious untoward effects.

Adjustment of timing is required as well. It does not seem
wise to stop the treatment in advance, e.g., in view of a hypo
thetical reduction of the toxicity of the PSC itself or of PSC-
ACD interaction: the example given in Table 4, with VBL as
ACD is clear. On the other hand, it seems wise to take advantage
of the pharmacodynamic features of the RMA, thus trying to
exploit the peak level of PSC to use less of it and to increase

* P. Donatsch, Sandoz internal document.
7 P. Donatsch, PSC 833 Toxicological exposÃ©,manuscript in preparation.

its efficacy, as was shown in the case of DOX treatment
protocols.

After p.o. administration, at least in rats and dogs, PSC
shows a peak plasma level between 3 and 5 h, coming then
rapidly down to an elevated plateau level for the following 24-
h at least.8 In the early protocols (PSC administered p.o. 24 h

before DOX i.p.), we had tried to exploit this rather stable
trough plasma level of PSC, thinking it would be sufficient to
sensitize the MDR-P388 cells while we would have to deal with
lower individual variations from mouse to mouse. Later instead,
the time between PSC p.o. and DOX i.p. was reduced to 4 h to
exploit the higher plasma levels found early after p.o. gavage
with PSC, but at the risk of having large individual variations
in the kinetics of absorbtion and of early clearance.

While a treatment by DOX alone (2 mg/kg or higher, 3 times
at 4-day intervals) had no effect on the survival of MDR-P388
tumor-bearing mice and higher dosages up to the toxic dose
(12 mg/kg) did not have significant effects, a small but signifi
cant chemotherapeutic response was obtained by pretreating
the mice with PSC (100 mg/kg) 24 h before each treatment
with DOX (2 mg/kg) (Table 5). However, much better thera
peutic responses were obtained (Tables 6 and 7) by pretreating
with PSC only 4 h before DOX, even though lower dosages of
the RMA were used (25 and 50 mg/kg). This indicates that one
should monitor the RMA levels and that one should use the
proper time window for application of the ACD, in order to
maximize its efficacy.

A direct comparison between our data and results of experi
ments with other RMAs is not really possible given the different
conditions (tumor cells, hosts, treatment protocols, etc.). How
ever, our experimental protocols using VBL as ACD are com
parable with those of Tsuruo et al. (13, 14), who also used a
syngeneic (P388 tumor-host) in vivo assay. Their best combined
therapy protocol for prolonging the survival of MDR-P388
tumor-bearing mice seemed to consist of a treatment with VCR
(50 or 100 Mg/kg) together with AHC-52 (100 mg/kg) twice a
day for 5 consecutive days. They also used 2 different MDR-
P388 cell lines: the P388/VCR line, whose relative resistance
is about 12x only in comparison with the Par-P388 line, and
the P388/ADR, whose relative resistance reaches 150x, thus
similar to the relative resistance of our MDR-P388 cell line. In
contrast to the remarkable efficacy of their combined therapy
for P388/VCR tumor-bearing mice, there was no or only a
marginally significant survival increase when the mice were
grafted with the highly resistant P388/ADR tumors (13, 14).
Since our MDR-P388 cell line is in fact as highly resistant as
the Tsuruo et al.'s (13, 14) P388/ADR line, it would appear

that PSC is a much better RMA than AHC-52. Moreover, the
success of the combined therapy protocol using DOX instead
of Vinca alkaloids was much more evident, when more care was
taken of the pharmacodynamics of PSC so as to administrate
the ACD while the RMA was at its peak plasma level.

Healthy controls (not injected with tumor cells) were regu
larly exposed to the same chemotherapy protocols (not shown)
and followed for a maximum of 10 weeks to look for possible
"late" sequels of the treatments (i.e., in case death of tumor-

grafted mice, at e.g., day 40 after beginning of the chemother
apy, was caused by the treatment itself rather than by the
tumor). Though PSC alone did not significantly affect mouse
health, it definitely enhanced the toxicity of the ACD, an
example of which was given in Table 5, where the combination
of 4 mg/kg DOX with 100 mg/kg PSC accelerated mouse death
faster than 6 mg/kg DOX alone. In other experiments, healthy
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(not tumor grafted) 6-8-week-old DBA/2 mice were treated as
in the experiment reported in Table 7 with either DOX (2 mg/
kg) or PSC (50 or 100 mg/kg), alone or in combination, with
all adequate vehicle controls, and sacrificed after 63 days (MST
of surviving mice was counted as 63 days). Although mice
exposed to PSC only (50 or 100 mg/kg) had a MST of 63.0 Â±
0 days, the mice exposed to DOX (2 mg/kg) and PSC (50 mg/
kg) showed a MST of 55.3 Â±18.8 days, thus not different from
the MST of mice receiving 2 mg/kg DOX only (54.3 Â±21.2
days); however, mice exposed to 100 mg/kg PSC gavage 4 h
before each of the i.p. injections of 2 mg/kg DOX showed a
markedly decreased MST of 18.4 Â±5.0 days. These data, which
may be due to an increased bioavailability of DOX in PSC-
pretreated mice, show that, although 100 mg/kg PSC might be
suitable when given 24 h before 2 mg/kg DOX, this RMA
dosage is too high when given only 4 h before the ACD. This
stresses again that great care must be taken in combined therapy
protocols settings. We have undertaken large scale experiments
with healthy mice (not grafted with tumor cells) in order to
evaluate a variety of single and combined therapy protocols for
their effects on the lymphoid and myeloid potential by methods
of adoptive transfers of immune system cells and of bone
marrow cells into immunodeficient, immunodepressed, and/or
irradiated recipients, following our classical procedures for
study of lymphoid and myeloid dysregulations (17-20).

Together with other favorable pharmacological and toxico-
logical profiles, particularly the absence of hepatotoxicity, ne-
phrototoxicity, neurotoxicity, cardiovascular toxicity, muta-
genesis, etc., of very high dosages of PSC,8 the efficacy of PSC

in restoring the ACD response of highly resistant MDR cells
makes it a good candidate for clinical development for patients
presenting with cancer with the MDR phenotype. Although
rather few combined therapy conditions have been explored so
far, marked prolongations of survival of the MDR tumor
grafted mice were regularly obtained, without deleterious effects
on the survival of non-tumor-bearing mice. Therefore, this
suggests that major improvements of the combined therapy
efficacy should still be possible: this might be achieved by taking
care of the pharmacokinetic features of PSC and of the ACDs
when given together, in order to further exploit the therapeutic
window to select the strongest MDR tumor-toxicity responses
together with the weakest host-toxicity conditions.
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