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Summary. Patients with multiple myeloma (MM) refractory
to alkylating agents frequently express P-glycoprotein (Pgp),
which is associated with the multidrug resistance (MDR)
phenotype. We have conducted a randomized phase II/III
study of the MDR reversal agent cyclosporin A combined
with VAD (vincristine, doxorubicin, dexamethasone) com-
pared with standard VAD in patients with MM stage IIA/IIIA
who were refractory to or progressive after treatment with
alkylating agents. Out of 81 patients who were randomized,
75 were eligible and evaluable: 34 in the VAD 1 cyclos-
porin A arm versus 41 in the VAD arm. Toxicities of grade
2±3 were observed more often with VAD 1 cyclosporin A
than with VAD only: nausea (30% versus 8%, P � 0´015),
mucositis (18% versus 5%, P � 0´13), infection (45%
versus 35%, P � 0´50). The treatment results were similar
in the two arms: 53% versus 49% responded [95% CI

(218´5%, 26´9%)]. The median progression-free survival
(PFS) was 8´6 months (VAD 1 cyclosporin A) versus
5´8 months (VAD): [log rank P � 0´16, hazard
ratio � 0´71, 95% CI (0´44, 1´15)], and median overall
survival was 13 months versus 14´6 months [log rank
P � 0´89, hazard ratio � 0´96, 95% CI (0´62, 1´72)]. The
cause of death was progressive disease (85%), toxicity (10%)
or other (5%). Bone marrow analysis performed in 23
patients showed that the response rate was 67% in Pgp-
positive versus 55% in Pgp-negative patients. Cyclosporin A
combined with VAD is relatively well tolerated. There is no
effect of cyclosporin A on the overall response rate, PFS and
overall survival with VAD.

Keywords: multiple myeloma, multidrug resistance (MDR),
cyclosporin A, reversal of multidrug resistance (MDR).

Multiple myeloma (MM) is a disease that is characterized by
a clonal proliferation of plasma cells, leading to anaemia,
increased bone resorption and susceptibility to infections.
The treatment of MM has primarily consisted of conven-
tional dose melphalan combined with glucocorticosteroids
(Alexanian et al, 1972; Gregory & et al, 1992). More
recently, a combination regimen of vincristine, doxorubicin
and high-dose dexamethasone (VAD) has been shown to
induce rapid remissions in approximately 70% of previously

untreated patients (Samson et al, 1989; Segeren et al,
1999). The median duration of the response after VAD is,
however, only 9 months, or even less in patients who
relapse after other treatments. Intensive myeloablative
therapy may offer a possibility of longer progression-free
survival (PFS) and overall survival (Attal et al, 1996).
However, the median age of MM patients at presentation is
60±65 years, which precludes the application of myeloa-
blative therapy in a substantial proportion of these patients.
At present, no alternative therapy except VAD is available
for elderly myeloma patients with primary refractory or
relapse MM.

Multidrug resistance (MDR) is a mechanism of pleiotropic
drug resistance to natural product cytostatic agents such as
anthracyclines, vinca alkaloids and podophyllotoxins (Fojo
et al, 1987; Herwijer et al, 1990). Expression of
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P-glycoprotein (Pgp), an ATP-dependent membrane efflux
protein, results in enhanced removal of these drugs from the
cell and in lower intracellular drug concentrations. Expres-
sion of MDR has been observed in clinical specimens from
patients with haematological malignancies who had been
treated with natural product drugs or had become
refractory (Herwijer et al, 1990; Arceci, 1993). Several
studies have shown that MDR is not expressed in MM at
diagnosis but, in contrast, can be observed in patients who
were treated with the VAD regimen (Dalton et al, 1989;
Grogan et al, 1990). Quantitatively, the expression of Pgp
depends on the cumulative dose of doxorubicin and
vincristine that MM patients have been exposed to (Epstein
et al, 1989; Grogan et al, 1993).

Pgp is a protein that transports many structurally
unrelated substrate drugs. This property has been used to
saturate Pgp with non-cytotoxic agents in order to prevent
efflux of active drugs, such as verapamil, cyclosporin A and
others (Tsuruo et al, 1983; Dalton et al, 1989; Salmon et al,
1991; Solary et al, 1991; Sonneveld et al, 1994). Reversal of
MDR by blocking Pgp can be demonstrated in vitro by a
functional drug efflux assay and by clonogenic assays. Non-
randomized clinical trials in MM have suggested that MDR
reversal may again render refractory disease sensitive to
chemotherapy (Durie & Dalton, 1988; Salmon et al, 1991;
Sonneveld et al, 1992, 1996). However, this could not be
confirmed in a prospective clinical trial in which verapamil
was used as an MDR reversal agent (Dalton et al, 1995).
Recently, alternative mechanisms of drug resistance in MM
have also been proposed (Raaijmakers et al, 1998). We have
conducted a prospective, randomized phase III trial to assess
the value of cyclosporin A added to VAD in patients with
relapse or refractory stage IIA/IIIA MM.

PATIENTS AND METHODS

Patient eligibility. Patients were included in the study after
having obtained informed consent. Entry criteria for the
study were MM stage IIA or IIIA according to the Salmon±
Durie classification, confirmed by bone marrow aspiration,
or solid plasmacytoma, age 15±75 years, WHO perfor-
mance status 0±3 and refractoriness to primary or any later
therapy. Patients who had previously been treated with
VAD, high-dose melphalan (140 mg/m2) or bone marrow
transplantation were excluded. Other exclusion criteria were
uncontrolled hypertension, renal insufficiency (creatinine
$ 177 mmol/l), severe organ disease, cardiac arrhythmias
or heart block, presence of another malignancy and
treatment with chemotherapy or radiotherapy during the
4 weeks before inclusion. Patients were not allowed to use
calcium channel blockers during this study.

Study design. At the time of entry to this study, all patients
had active and progressive myeloma. A physical examina-
tion, standard blood tests, creatinine clearance, qualitative
and quantitative serum and urine electrophoresis, serum
b-2-microglobulin and albumin, complete skeletal radio-
graphy and bone marrow aspiration for plasma cell count
and Pgp staining were performed before inclusion.

The tumour response was determined according to the

South West Oncology Group (SWOG) criteria: complete
response (CR) was defined as . 75% reduction in the serum
M-component or . 90% reduction in the urinary light-
chain excretion for at least two measurements separated by
. 25 d; partial response (PR) was defined as . 50% but
, 75% reduction in the serum M-component or . 50% but
, 90% reduction in urinary light-chain excretion at two
measurements separated by . 25 d; stable disease was
defined as , 50% reduction and/or , 25% increase in the
serum M-component or urinary light-chain excretion;
progressive disease was defined as . 25% increase in
serum M-component or light-chain excretion. Toxicity was
evaluated using the World Health Organization (WHO)
toxicity grading system.

VAD chemotherapy was administered as a 4 � 24 h
continuous infusion through a central venous catheter. The
dosages were doxorubicin 9 mg/m2/d, vincristine 0´4 mg/d
plus oral dexamethasone 40 mg/d, days 1±4, 9±12 and
17±20 during uneven cycles or days 1±4 during even cycles
respectively; cyclosporin A was obtained from commercial
sources as 5 ml vials containing 50 mg/ml cyclosporin A in
ethanol and polyoxyethylated ricinus oil and further diluted
with saline. It was administered as a loading dose of 2 mg/
kg i.v. 2 h before VAD, followed by a continuous infusion of
7´5 mg/kg/d for 4 d. A urinary flow of . 75 ml/h was
maintained by administration of intravenous fluids and
mannitol. Four cycles were administered at 28-day inter-
vals. Final evaluation of toxicity and response was
performed 4 weeks after the last cycle. All patients were
followed at 3-month intervals until death.

Pharmacokinetics and PgP analysis. The whole-blood
concentration of cyclosporin A was determined in 20
patients daily at 08´00. Analysis of cyclosporin A concen-
trations was performed using a specific radioimmunoassay
(RIA) as described previously (Sonneveld et al, 1992).

Pgp analysis was performed in a central laboratory using
immunohistochemistry with the monoclonal antibody
MRK16 on bone marrow slides obtained from 23 patients
at entry to the study, as described previously (Grogan et al,
1990). Expression of the lung resistance protein (LRP) was
assessed using the monoclonal antibody LRP56, obtained
from Professor Dr R. Scheper. Three hundred plasma cells
were counted on each slide by two independent investiga-
tors. Samples with . 10% plasma cells staining positive
with either antibody were scored as positive.

Statistical methods. All patients were randomized centrally
at the European Organization for Research and Treatment
of Cancer (EORTC) Data Centre in Brussels. The randomiza-
tion was stratified by the Salmon±Durie staging and the
treatment centre.

Initially, the trial was designed as a randomized phase II
study to be continued as a phase III study, depending on the
accrual status. The goal was to evaluate the response rate of
both treatment arms while increasing the dose intensity
with the addition of cyclosporin A to the VAD regimen. The
sample size was based on the assumption that, in
progressive MM, the expected response to four cycles of
VAD is about 35% versus 55% with VAD plus cyclosporin A,
whereas the expected median survival is , 12 months, with
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a 2-year survival of 15% (VAD only) versus 30% (VAD 1
cyclosporin A). A total number of 239 patients was initially
planned, based on the expected difference in response
(alpha � 0´05, beta � 0´15), but the accrual rate was too
low to achieve this goal. Because of a low actual accrual
and, consequently, underpowered comparisons in terms of
efficiency, the analysis was limited to 81 patients.

The primary end-point of the treatment comparison was
the best response rate achieved during the administration of
treatment (VAD or VAD 1 cyclosporin A). The secondary
end-point was the duration of survival (the time from the
date of randomization until death, whatever the cause) as
well as the PFS (the time from date of randomization until
progression or death, whichever arrived first). The actuarial
curves were computed using the Kaplan±Meier technique
(Buyse et al, 1992), and the differences between curves were
tested for statistical significance using the two-tailed log
rank test (Buyse et al, 1992) or the log rank test for linear
trend in the case of ordered variables. In order to summarize
the overall treatment difference, the hazard ratio (HR) of
having an event per time unit in one arm versus the other,
along with its confidence interval (CI), were estimated using
the odds ratio technique (Gardner & Altman, 1989), where
O, E and V were obtained from the log rank computations.
For the prognostic factor analyses, the O/E ratio technique
was used to estimate the HR (Gardner & Altman, 1989).

The treatment comparison regarding the response rates
was performed using the chi-square test with correction for
continuity. The 95% confidence intervals were computed
using the cia program (Gardner & Altman, 1989). The
same methods were used for the treatment comparisons
regarding the incidence of toxicity of grade 2±4.

RESULTS

Patient characteristics
Eighty-one patients were randomized to receive either VAD
chemotherapy with cyclosporin A (n � 40) or VAD only
(n � 41) during a 5-year accrual period. In the first group,
six patients were considered as ineligible because of poor
performance status (n � 2), lack of refractoriness to
primary treatment (n � 2) or MM stage I (n � 2). Among
the remaining 75 patients, the patient characteristics by
treatment group are listed in Table I. Twenty-eight patients
(37%) were over 65 years of age at the start of treatment,
and only 17 (23%) had a performance status � 0 at
randomization. Thirty-three patients (44%) had stage IIA
disease, and 42 (56%) had stage IIIA disease at the time of
inclusion in the study. Fifty patients (67%) were primary
refractory to melphalan and prednisone, whereas 25
patients (33%) had also received additional treatment,
including an anthracycline and a vinca alkaloid drug, but
not VAD. All initial characteristics were well balanced in the
two treatment groups. Serum lactate dehydrogenase (LDH)
was increased more frequently in the combined treatment
arm (62% of patients versus 34%). However, the techniques
for LDH assessment were not necessarily standardized
across the different laboratories of the participating centres.

The trial was stopped after 5 years because of poor accrual
in some participating centres.

Treatment completion and toxicity
Out of 75 patients randomized, 37 patients completed at
least four cycles according to the protocol, and these were
quite well balanced between the two treatment arms
(Table II). Fifteen patients stopped treatment because of
progressive disease (9% in the combined arm versus 29% in
the VAD only), whereas nine patients were taken off the
protocol because of toxicity and four for further treatment
refusal, which leads to a total of nine (27%) in the
VAD 1 cyclosporin A and four (9%) in the VAD only arm.

The number of cycles that the patients received in this
study are listed in Table III: the mean number of cycles was
slightly lower in the VAD 1 cyclosporin A than in the VAD
only arm (chi-square test for linear trend, P � 0´08).

The observed patterns of toxicity were generally similar in
the two treatment arms (Table IV). There was a significantly
higher (P � 0´015) incidence of WHO grade 2 or higher
nausea in patients treated with VAD plus cyclosporin A
(30%) compared with patients who were treated with VAD
alone (8%). Similar trends, which did not reach the

Table I. Characteristics of eligible patients by treatment arm.

VAD

VAD 1

cyclosporin A Total

Age (years)

, 65 26 (63) 21 (62) 47 (63)

� 65 15 (37) 13 (38) 28 (37)

Sex

Male 20 (49) 19 (56) 39 (52)

Female 21 (51) 15 (44) 36 (48)

Performance status (WHO scale)

0 10 (24) 7 (21) 17 (23)

1 17 (41) 17 (50) 34 (45)

2 10 (24) 7 (21) 17 (23)
3 4 (10) 2 (6) 6 (8)

4 0 (0) 1 (3) 1 (1)

Salmon±Durie staging
Stage IIA 19 (46) 14 (41) 33 (44)

Stage IIIA 22 (54) 20 (59) 42 (56)

Serum lactate dehydrogenase (U/l)
, 150 12 (29) 7 (21) 19 (25)

150±199 12 (29) 6 (18) 18 (24)

200±299 6 (15) 11 (32) 17 (23)

$ 300 8 (20) 10 (29) 18 (24)
Unknown 3 (7) 0 (0) 3 (4)

Prior treatment

MP* 27 (66) 23 (68) 50 (67)
Other chemo.² 14 (34) 11 (32) 25 (33)

Total 41 (100%) 34 (100%) 75 (100%)

*MP, melphalan and prednisone.

²VAMP or VMCP/VBAD.
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significance level, were observed regarding the incidence of
grade 2±4 mucositis, pain and infection.

Response
In the VAD 1 cyclosporin A group, 9/34 (26´5%) achieved
a complete response compared with 4/34 (9´8%) in the VAD
alone group. The difference between the overall response
(complete response plus partial response) of the two
treatment arms was not different (53% versus 49%), as
shown in Table V. The median time needed to achieve an
objective response was 13 weeks (VAD) versus 9 weeks
(VAD 1 cyclosporin A) (P , 0´05).

Survival and PFS
The actuarial follow-up was 49 months. The overall
survival from randomization according to the treatment
group is shown in Fig 1. The median overall survival was
13 months (VAD 1 cyclosporin A) versus 14´6 months
(VAD alone) (not significant; NS). The cause of death was
progressive disease (85%), toxicity (10%) or other causes
not related to the disease, and no large differences were
observed in this regard between the two treatment arms. A
longer survival was observed in patients aged , 65 years
compared with older patients (P , 0´001), as shown in
Fig 2. Also, patients with performance status (PS) grade 0
or 1 had longer survival than patients with PS 2±4
(P , 0´001) (Fig 3). The results of the prognostic factor
analyses are shown in Table VI. Beta-2-microglobulin data
were available for a subgroup of patients, but did not have
an impact on response or survival. The PFS according to

treatment group is shown in Fig 4. The median PFS was
longer in the VAD 1 cyclosporin A arm (8´6 months) than
in the VAD alone arm (5´8 months). However, because of
the small sample size, the difference was not significant (log
rank, P � 0´16), and the true hazard ratio (esti-
mate � 0´71) had a wide 95% confidence interval: [0´44,
1´15]. The prognostic factor analyses revealed that the PFS
was significantly longer in younger patients (age
, 65 years; P , 0´001) and in those with a PS of 0
(P � 0´003). For exploratory analysis purposes, we have
performed some subgroup analyses, being aware that the
risk of false-positive results is increased, especially when
using the log rank test, which does not take into
consideration the treatment difference once no patient
remains at risk in one group compared with the other. In
patients with PS 1±4 (n � 58), the PFS was significantly
longer (log rank, P � 0´006) in the VAD plus cyclosporin A
group compared with VAD alone, and the 99% CI of the
hazard ratio was [0´20, 0´95]. The reverse pattern appeared
in the complementary group of patients, with a good
performance (n � 17), but the results were even more
unreliable (99% CI of the hazard ratio [0´32, 5´68]).

Pgp and LRP expression
The treatment distribution and the response results accord-
ing to the Pgp findings are shown in Table VII. The overall
response was 67% (8/12) in Pgp-positive compared with

Table II. Reasons for stopping the scheduled protocol by treatment

arm.

VAD

VAD 1

cyclosporin A Total

Normal completion 23 (56) 14 (41) 37 (49)

Progressive disease 12 (29) 3 (9) 15 (20)

Toxicity 3 (7) 6 (18) 9 (12)
Patient refusal 1 (2) 3 (9) 4 (5)

Protocol violation 0 (0) 1 (3) 1 (1)

Other 2 (5) 5 (15) 7 (9)
Total number of patients 41 (100%) 34 (100%) 75 (100%)

Table III. Maximum number of cycles administered cycles by

treatment arm.

Cycles VAD VAD 1 cyclosporin A

1 5 (12) 10 (29)

2 4 (10) 4 (12)

3 6 (8) 5 (15)

4 25 (54) 12 (35)
4 1 (2) 3 (9)

Total no. of patients 41 (100%) 34 (100%)

Table IV. Toxicity grade 2±4 according to the WHO criteria by

treatment arm.

VAD VAD 1 cyclosporin A

Haemorrhage 3 (8) 4 (12)

Mucositis 2 (5) 6 (18)

Nausea 3 (8) 10 (30)

Arrhythmia 2 (5) 1 (3)
Peripheral neuropathy 4 (10) 6 (18)

Central neuropathy 0 (0) 1 (3)

Constipation 4 (10) 5 (15)
Pain 14 (35) 17 (51)

Performance status 6 (15) 6 (18)

after treatment

Presence of infection 14 (35) 15 (45)
Total number of patients 40 (100%) 33 (100%)

Table V. Best response by treatment arm.

VAD VAD 1 cyclosporin A

Complete response 4 (10) 9 (26)

Partial response 16 (39) 9 (26)

Stable disease 12 (29) 10 (29)

Progressive disease 8 (20) 4 (12)
Early death 1 (2) 2 (6)

Total number of patients 41 (100%) 34 (100%)
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55% (6/11) in Pgp-negative patients. With this limited
number of patients, we could not detect any difference
between Pgp-positive or -negative patients in terms of
overall survival. Further division of the patients according
to the randomized arms rendered the groups too small to be
able to perform any meaningful comparisons in terms of
response, PFS or survival.

LRP expression was found in the plasma cells from 19/23
patients. Eight of these were Pgp negative, and 11 were
positive for both resistance proteins. In Pgp-positive patients,
generally , 50% of the bone marrow plasma cells stained
positive with MRK16. The steady-state whole-blood con-
centrations of cyclosporin A were measured in a central
laboratory for 39 cycles on 20 patients from two
participating centres. The median concentration of cyclos-
porin A was 1´008 mg/l (range 844±1´360 mg/l).

DISCUSSION

The emergence of refractory disease in myeloma patients
may result from various unrelated mechanisms. Ultimately,
in 90±100% of VAD-refractory patients, Pgp is expressed by

the malignant plasma cells (Dalton et al, 1989; Grogan et al,
1990). The present study was based on previous observa-
tions that clinical responses may be obtained in these
patients if the cytotoxic agents are combined with an MDR
reversal agent (Tsuruo et al, 1983; Salmon et al, 1991;
Solary et al, 1991; Sonneveld et al, 1994). Cyclosporin A
was selected for this randomized phase III study because it
can be safely administered to attain plasma concentrations
that are sufficient for inhibition of Pgp without serious
adverse effects (Sonneveld et al, 1992). Cyclosporin A

Fig 1. Overall survival according to the treatment arm, VAD 1 cy-

closporin A (CSA) versus VAD only: log rank, P � 0´89, hazard
ratio � 0´96, 95% CI [0´62, 1´72]. N, number of patients; O,

observed number of deaths.

Fig 3. Overall survival according to the initial WHO performance

status (PS): log rank, P , 0´001. N, number of patients; O,

observed number of deaths.

Fig 2. Overall survival according to age: log rank, P , 0´001. N,
number of patients; O, observed number of deaths.

Table VI. Results of the prognostic factor analyses for overall
survival.

No. of patients RR* P-value²

Age (years)
, 65 47 1 0´0006

� 65 28 2´34

Performance status (WHO scale)

0 17 1
1 34 1´68 0´0002

2±4 24 3´61

Salmon±Durie staging
Stage IIA 33 1

Stage IIIA 42 1´71 0´05

Serum lactate dehydrogenase (U/l)
, 150 19 1

150±199 18 1´89

200±299 17 3´11 0´10

. 300 18 1´81

MDR1 expression

Negative 11 1

Positive 12 1´17 0´74

*RR, relative risk estimate based on the O/E ratio log rank
technique.

²P-value given by the log rank test or log rank test for linear trend

in the case of ordered variables.
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inhibits the hepatic and biliary elimination of drugs that are
pumped by Pgp and, for this reason, dose reduction of these
agents has been advocated if they are administered
simultaneously. However, the primary goal of this study
was to study the efficacy of MDR reversal in patients who
failed on prior therapy and had not yet received VAD
chemotherapy. Because efficacy was the major end-point, no
dose reduction of doxorubicin and vincristine was applied.

Combined administration of VAD with cyclosporin A was
well tolerated. Nausea and constipation were more frequent
in these patients compared with those taking VAD alone.
Only one patient was taken off the protocol treatment
because of constipation.

The addition of cyclosporin A seems to have a limited
impact on the response rate with the VAD regimen.
Although a complete response was observed more fre-
quently with VAD plus cyclosporin A than with VAD alone
(26% versus 10%), the overall response rates were similar
(53% versus 49%). Owing to the small sample size, the
observed difference (4%) might be misleading, as the true
difference ranges from 218´5% to 26´9%. The time to

achieve an objective response was shorter in patients treated
with VAD plus cyclosporin A. This may be explained by two
different mechanisms: first, a higher dose intensity of the
cytotoxic agents is achieved with this regimen and,
secondly, cyclosporin A may have facilitated the killing of
myeloma cells that express Pgp and are less sensitive to
conventional VAD. Indeed, 0/4 Pgp-positive patients
achieved a clinical response on VAD compared with 6/8
MDR1-positive-treated patients with VAD 1 cyclosporin A.

The overall survival was similar in the two treatment
arms, but no firm conclusion may be drawn from this study,
as the series was too limited in size (n � 75). As expected,
patients of younger age, those with a good performance and
those with Salmon±Durie stage IIA disease had a better
outcome, which seemed to be independent of the allocated
treatment. Overall, the PFS was slightly longer in the
VAD 1 cyclosporin A group than with VAD alone.
Although not substantiated in this study, there are several
indications that cyclosporin A may improve the effect of
VAD, as fewer patients progressed on VAD 1 cyclosporin A,
there were more complete responses, and these responses
were observed more frequently in patients who received
cyclosporin A and were MDR1 positive.

Unexpectedly, patients with a poor performance status
(PS 1±4) had significantly longer PFS if they had been
treated with VAD plus cyclosporin A. The reason for this
difference is unknown and should be confirmed by other
studies.

Obviously, MDR1 is only one of several mechanisms
through which myeloma patients may become refractory to
chemotherapy (Gieseler & Nussler, 1998; Raaijmakers et al,
1998; Sonneveld, 1999). The question remains whether a
benefit by MDR1 reversal may be expected early during the
disease, when the frequency of MDR1 and other resistance
pathways may still be low, as opposed to highly refractory
patients who have no other treatment options left (Futscher
et al, 1996; Pilarski et al, 1998).

For logistical reasons, data on MDR1 and LRP expression
were only obtained in a minority of the patients, as this
assessment was performed on fresh samples only. However,
it was shown that, in 10/12 MDR1-positive patients, , 50%
of bone marrow plasma cells stained positive, whereas 11/
12 also expressed LRP. These data illustrate that MDR1

reversal in tumour cells may have contributed to the
achievement of a response in only a minority of the patients
and that other mechanisms of pharmacological resistance
also determine the outcome of treatment. However, MDR1

reversal may selectively kill the minority of Pgp-positive cells
that would ultimately have caused refractory relapsing
disease.

This study could not demonstrate a beneficial effect of
cyclosporin A on the survival of poor-risk myeloma patients,
with a possible exception (in terms of PFS) in patients who
had a poor performance as a result of their disease. In
another randomized study in which verapamil was used as
an MDR1 reversal agent, no effect on response or survival
was observed (Dalton et al, 1995). In both studies, the dose
of the MDR1 reversal agent was relatively low in order to
avoid unacceptable toxicities. Second-generation MDR1

Fig 4. Progression-free survival according to the treatment arm:

VAD 1 cyclosporin A (CSA) versus VAD only: log rank, P � 0´16,
hazard ratio � 0´71, 95% CI [0´44, 1´15]. N, number of patients;

O, observed number of events (progressions or deaths).

Table VII. P-glycoprotein expression according to treatment and

best response.

Pgp negative Pgp positive

Treatment arm
VAD 5 4

VAD 1 cyclosporin A 6 8

Best response
Complete response ± 2

Partial response 6 6

Stable disease 3 3
Progressive disease 1 ±

Early death 1 1

Total number of patients 11 12
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reversal agents such as PSC 833 or GF 120918, which can
be administered at sufficiently high dosages to achieve
effective concentrations of unbound drug in the plasma, are
needed to optimize the potential effect on Pgp-positive cells
(Den Ouden et al, 1996; Sonneveld et al, 1996). In addition,
the role of other mechanisms of drug resistance has to be
assessed in future trials.
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