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Because P-glycoprotein expression might be associated with a more aggressive behaviour of colorec-
tal carcinomas (Weinstein et al., Cancer Res, 1991, 51, 2720-2726), we determined the relationship
between MDR1 RNA expression of the carcinomas and the survival of the patients. At a median dur-
ation of follow-up of 86 months, event-free survival of patients with MDR1 RNA-negative tumours
(n = 35) was not significantly different to that of patients with MDR1 RNA peositive tumours (n = 67).
Among the different tumour stages, event-free survival of the patients was also independent of
MDR1 gene expression of the tumours. Thus, these findings do not support the hypothesis that local
aggressiveness of P-glycoprotein positive tumour cells translates into worse clinical outcome. ©
1997 Elsevier Science Ltd.
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INTRODUCTION

COLORECTAL CARCINOMAS show intrinsic resistance to most
anticancer drugs, notably anthracyclines. Expression of the
MDRI gene, a multidrug resistance gene coding for P-gly-
coprotein, has been detected in approximately two-thirds of
primary colorectal carcinomas [1-3]. P-glycoprotein func-
tions as an energy-dependent drug efflux pump for natural
hydrophobic substances including several anticancer drugs
(e.g. anthracyclines, Vinca alkaloids, epipodophyllotoxins)
[4, 5.

MDR1 RNA expression of carcinomas was independent
of both lymph node and distant metastases in our previous
study [1], but Weinstein and associates [6] found a more
frequent lymph node involvement for P-glycoprotein posi-
tive tumours as compared to P-glycoprotein negative
tumours, and detected P-glycoprotein predominantly in
invasively growing tumour cells, suggesting an association of
P-glycoprotein expression with a more aggressive phenotype
[6]. Thus, we hypothesised that patients with MDR1 RNA/
P-glycoprotein positive tumours might have a worse clinical
outcome. In order to prove or exclude this, we studied the
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relationship between MDR1 RNA expression of the primary
tumours and the survival of the patients. Here we report the
long-term results of this study.

PATIENTS AND METHODS
Patients

Between 1988 and 1991, 113 patients with colorectal car-
cinomas entered into a study on the clinical significance of
the MDR1 gene [1]. The clinical data of the patients have
previously been described [1]. Because 11 patients had been
lost for follow-up, 102 patients were included in the present
analysis.

All patients had a resection of the primary tumour.
Tumour stages I, II, IIT and IV were present in 33, 33, 25
and 11 patients, respectively. 30 patients with tumour stages
II or III received adjuvant chemotherapy and 10 patients in
relapse received palliative chemotherapy. Chemotherapy
mainly consisted of 5-fluorouracil with/without leucovorin
and did not include MDR drugs except mitomycin C in few
patients.

MDRI1 gene expression

Total RNA was isolated from surgically obtained colorec-
tal carcinoma specimens by standard techniques. MDRI1
RNA expression of tumour specimens was assessed by slot-
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Figure 1. Event-free survival according to MDR1 RNA ex-

pression of the tumours. Event-free survival of 102 patients

was calculated according to Kaplan~Meier [7]. All patients

had undergone a complete resection of their primary

tumours. Survival curves are shown for patients with nega-
tive (—) and those with positive (=) tumours.

blot analysis by means of a radiolabelled MDR1 cDNA
(probe 5A, provided by I. Pastan and M. Gottesman,
NCI1, Bethesda, Maryland, U.S.A.) as previously described

[1].

Survival analysis

Durations of event-free, overall and disease-free survival
were calculated according to Kaplan—Meier [7]. Events
were defined as either relapse or death due to any cause
and, in the case of stage [V patients, only deaths were cho-
sen as events. Event-free survival was measured from the
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time of primary surgery until the time of the first event.
Disease-free survival and overall survival were calculated
from the time of surgery until relapse and death, respect-
ively. Survival curves were compared by the log-rank test.

RESULTS

Results on MDR1 gene expression of colorectal carci-
nomas (n=113) have previously been reported [1]. 35
(34%) patients with MDR1 RNA negative tumours and 67
(66%) patients with MDR1 RNA positive tumours were
included in the present survival analysis. Treatment did not
differ between patients with MDR1 RNA negative and posi-
tive tumours (data not shown).

For patients with tumour stages I, II, III and IV, the me-
dian durations of overall survival were >90, 73, 37 and 7
months, respectively, and the corresponding 5-year survival
rates were 74%, 60%, 44% and 0%, respectively (data not
shown). These survival data are consistent with data
reported in the literature.

A total of 62 events (23 relapses, 39 deaths) occurred.
Relapses and deaths were observed in 7 (20%) and 14
(40%) patients with MDR1 RNA negative tumours and in
16 (24%) and 25 (37%) patients with MDR1 RNA positive
tumours.

At a median duration of follow-up of 86 months, the me-
dian duration of event-free survival was 53 months for the
total study population (data not shown). Event-free survival
of patients with MDR1 RNA negative tumours was not sig-
nificantly different from that of patients with MDR1 RNA
positive tumours (Figure 1). Survival was also similar
between these two groups when patients with tumour stage
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Figure 2. Stage-dependent event-free survival according to MDR1 RNA expression of the tumours. Event-free survival of
patients was also calculated according to Kaplan—-Meier [7] for the different tumour stages. Event-free survival was similar
for patients with negative (—) and those with pesitive (~) tumours.
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IV were excluded from analysis (data not shown). Among
the different tumour stages, event-free survival was also
independent of MDR1 gene expression (Figure 2). In ad-
dition, overall and disease-free survival were not affected by
MDR] RNA expression of the tumours (data not shown).

DISCUSSION

In our study, MDR1 RNA expression of primary colorec-
tal carcinomas did not predict survival of the patients.
These long-term results confirm our preliminary findings
after short follow-up [1] and are in agreement with a recent
immunohistochemistry study which reported no association
of P-glycoprotein expression with survival [2]. No survival
data were presented both in the study by Weinstein and as-
sociates (6], who reported an association of P-glycoprotein
expression with local tumour aggressiveness [6] and in
another study in Dukes’ B2 patients, which found a higher
relapse rate for patients with P-glycoprotein positive
tumours [3].

Several explanations exist for the observed lack of an as-
sociation of MDR1 gene expression of the carcinomas with
survival of the patients. Firstly, the clinical behaviour of
MDR1 RNA negative tumours is similar to that of their
positive counterparts, despite both the earlier report on the
more aggressive nature of P-glycoprotein positive colorectal
carcinoma cells {6] and the findings in osteosarcomas where
P-glycoprotein positive tumours were associated with poor
outcome due to a more aggressive behaviour of these
tumours [8]. Secondly, MDRI gene expression had no clini-
cal impact because most patients were not treated with
MDR drugs. Preferential treatment with MDR drugs most
likely explains the differences in survival observed between
patients with MDRI negative and those with MDRI positive
diseases in childhood soft tissue sarcomas {9] and acute my-
eloid leukaemia [10-12]. In neuroblastomas, P-glycoprotein
expression was associated with worse outcome in one study
[13] but not in a recent study [14]. Thirdly, additional re-
sistance mechanisms are active in colorectal carcinomas
[15]. Finally, RNA slot-blot analysis has its limitations and
thus our results will have to be confirmed by studies using
other techniques for the detection of MDR1 gene ex-
pression.

In conclusion, while the high percentage of MDR1 RNA
positive colorectal carcinomas stresses the importance of
this gene with regard to the clinical resistance to anticancer
drugs transported by P-glycoprotein, MDR1 RNA ex-
pression of the primary tumours does not indicate prog-
nosis. Thus, these findings do not support the hypothesis
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that the reported local aggressiveness of P-glycoprotein posi-
tive tumour cells results in a worse clinical outcome.
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