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Multi-drug Resistance: The Seventh National Cancer
Institute/European Organisation for Research into Treat-
ment of Cancer (NCIIEORTC) Conference, Amsterdam,
The Netherlands, 17-20 March 1992.

The development of resistance to cytotoxic drugs remains
a major obstacle to successful chemotherapy. Such resis-
tance may be mediated by a wide range of clinical and
biological mechanisms.
P-glycoprotein (PG P) is a 170 kD ATP and calcium-

dependent protein which functions as a membrane-bound
efflux pump to prevent accumulation of cytotoxic drugs
within neoplastic cells. PGP is encoded by the MORt
(multiple drug resistance) gene. Anthracyclines, vinca
alkaloids and podophyllotoxins are substrates for PGP.
MDR gene expression and/or immunocytochemical
positivity for PGP are found not only in resistant cell lines
but are also seen in human tumours. A variety of agents
will reverse the MDR phenotype in resistant cell lines
studied in vitro. Currently, there is much interest in the
clinical utility of calcium channel antagonists (such as
verapamil) and cyclosporin A.
Several sessions and a full-day satellite symposium

at this conference were devoted to the biology and
clinical relevance of MDR in haemopoietic neoplasms in
general and PGP-mediated MDR in particular. Dr Peter
Twentyman (Cambridge, UK) gave a brief overview of
the wide variety of monoclonal antibodies and genetic
probes which are available to study the occurrence of
specific resistance mechanisms in cells from individual
patients with haemopoietic malignancies.
We presented our datal on MDR1 mRNA levels and

PGP expression in acute leukaemia patients which show
elevated mRNA in 12 of 55 patients (22%) overall, but
with a significantly higher incidence in patients with
secondary AML or relapsedlrefractory disease (7/18
patients, 39%). Ten of 27 patients (37%) studied by
immunocytochemistry using the JSB1 antibody were
positive. There was generally good concordance in the
results of mRN A and immunocytochemistry, though dis-
crepancies were observed. Thus, 2 of 8 patients were
positive by mRNA and negative by immunocytochemistry,
while 4 of 10cases were positive by immunocytochemistry
and yet negative for mRNA. Another 26 acute leukaemia
patients were studied by a flow cytometric assay which
. allows assessment of the functional significance of PGP
expression; 12 of these 26 patients (46%) were positive
with the JSB1 antibody. However, if one accepts verapamil-
mediated increased daunorubicin accumulation within
leukaemic blasts as a truly meaningful indicator of
clinically significant and potentially reversible MDR,
then only 3 of these 26 patients showed an MDR
phenotype by flow cytometry. All 3 ofthese patients were

also positive by mRNA and JSBl. We concluded that
further refinements are required in both the choice and
the use of laboratory techiques for studying MDR.
Pirker et al. (Vienna) reported data on 63 patients

with AML and showed that the MDR1 mRNA level was
an independent prognostic factor, whereas the white
cell count, LDH, blast cell count and abnormal karyotype
were not. They did not present data on immunocyto-
chemistry.
Runde et at. (Dusseldorf) reported a study of 108patients

with AML and myelodysplasia by immunocytochemistry
(C219 antibody) and found that 39% of newly diagnosed
AMLIALL patients were positive while 69% (n=16) and
100% (n=4) of first and second relapse patients respec-
tively were positive. They had no data on MDR mRNA
levels.
Salmon et at. (Arizona) reported results of pilot clinical

studies in which verapamil and cyclosporin A were used
as chemosensitizers in patients with multiple myeloma,
malignant lymphoma and AML. PGP detection was by
immunocytochemistry using three different monoclonal
antibodies (JSB1, MRK16 and C219) and confirmed by
RNA analysis. High dose verapamil reversed drug resis-
tance in 5 of 22 (23%) refractory myeloma patients
and induced remissions in 12 of 17 (70%; 4 complete
remissions, 8 partial remissions) patients with refractory
lymphoma. In 27 patients with advanced, relapsed AML,
cyclosporin A in combination with daunorubicin and
ara-C induced complete remission in 17 patients and
partial remission in 3 patients, to give a 63% overall
response rate. Cardiac toxicity was observed in verapamil
treated patients, while use of cyclosporin A was associated
with renal toxicity, hypertension, hyperbilirubinaemia,
mucositis and prolonged aplasia.
Sonneveld et at. (EORTC) also reported encouraging

results of the use of cyclosporin A in 21 patients with
relapsed or resistant myeloma. Adequate cyclosporin A
serum levels for MDR modulation were attained by use
of 7.5 to 10 mg/kg/day cyclosporin A by continuous
intravenous infusion. Overall, 48% of their patients
responded with a median relapse-free survival of more
than six months, and the response rate in PGP-positive
patients (58%) was higher than that in PGP-negative
patients (33%).
However, two studies were less enthusiastic about

MDR reversal agents. Marie et al. (EORTC) used
cyclosporin A in combination with mitoxantrone and
etoposide in relapsed AML, and only six responses
(2 complete) were seen in 17 patients. Chabner (NCI,
USA) pointed out that all studies of PGP reversal agents
should fulfil three basic criteria:

1. PGP expression must be demonstrated
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2. The tumour should be unresponsive to chemotherapy
without a reversal agent

3. The tumour should become responsive when a PGP
reversal agent is used in combination with the same
chemotherapy

Most current trials do not fulfil these rigorous criteria.
Chabner reported preliminary results from an NCI study
in relapsed lymphoma patients using conventional
chemotherapeutic agents (etoposide, vincristine,
adriamycin, cyclophosphamide, prednisolone) given by
continuous infusion. 80% of patients with non-Hodgkin's
lymphoma (n=51) and 50% of patients with Hodgkin's
lymphoma (n= 18) responded, and over 50% of all
responses were complete. Non-responders then received
R-verapamil (which is not cardiotoxic) in addition to the
same chemotherapy, but only 25% responded.
The conference emphasized the urgent need to develop

less toxic and more effective modulators of drug resis-
tance, and the coming months are likely to see reports
of such ongoing clinical trials. It was also realized that
further research must focus on resistance mechanisms
other than PGP, and on careful definition of the laboratory
criteria for the detection of drug resistance.
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Conference on Vitamin A Deficiency, Bellagio, Italy,
3-7 February 1992

INTRODUCTION
The 1986 report, 'State of the World's Children', drew
attention to emerging observations which suggested that
improving vitamin A status might have great potential for
reducing childhood mortality. The 1990 report of the
'Commission on Health Research for Development' took
note of accumulated evidence of the potential impact of
vitamin A deficiency on child health and survival and
declared that 'if these findings are confirmed, the strategic
implications would be astounding ... '
In light of recent calls, by the 'Bellagio Declaration'

and the 'Summit on the Rights of Children' for worldwide
control or elimination of vitamin A deficiency, and the
recent spate of published scientific data, a meeting of
nutrition scientists, health officials and policy-makers was
convened at the Rockefeller Study Center in Bellagio,
Italy to examine the role of vitamin A status on the health
of Third World children and reach clear and appropriate
conclusions, and to consider policy implications arising
from these conclusions that might guide programme
managers and decision-makers.
The group considered data concerning the biochemistry
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and molecular biology of vitamin A; its role in immunity
and cellular differentiation; animal models and clinical
case reports of vitamin A deficiency; the epidemiology
of vitamin A deficiency in human populations and the
environment in which it arises; prospective observational
field investigations; hospital treatment studies; and con-
trolled, community-based prophylaxis trials.

CONCLUSIONS
1. Vitamin A is essential for normal health and survival.
2. Vitamin A deficiency increases mortality among chil-

dren between 6 months and 6 years of age; improving
the vitamin A status of deficient children dramatically
increases their chances of survival.

3. Vitamin A deficiency increases the severity, complica-
tions and risk of death from measles. Improving vitamin
A status before the onset of measles (prophylaxis), or
after measles occurs (treatment), markedly reduces
the severity of complications and associated mortality.

4. Vitamin A deficiency increases childhood morbidity,
particularly the severity of infectious episodes (e.g.,
diarrhoea, pneumonia). Improvement of vitamin A
status reduces the severity of infectious episodes.

5. Vitamin A is essential for normal vision and ocular
function. Deficiency results in night blindness and
other manifestations of xerophthalmia, including
corneal destruction (keratomalacia) and blindness.

6. Increased morbidity and mortality occur at levels of
vitamin A deficiency less severe and chronic than
required for night blindness and xerophthalmia.
Therefore, the definition of vitamin A deficiency for
public health purposes must be revised and made more
sensitive to milder degrees of deficiency.

7. Tens of millions of the world's children are vitamin A
deficient; a million or more needlessly die or go blind
every year.

8. Improving the vitamin A status of deficient children
and treating all cases of measles with vitamin A, even
in populations in which xerophthalmia is rare, can sub-
stantially reduce childhood disease and mortality.
Improving the vitamin A status of deficient children
is an important component of a comprehensive child
survival strategy.

RATIONALE
There is overwhelming evidence to suggest that vitamin
A deficiency increases childhood morbidity and mortality
and that this can be prevented by improving vitamin A
status.
Since 1913when vitamin A was first discovered, progres-

sive depletion of vitamin A in animals has been shown to
result in alterations in immune function, histological and
functional abnormalities in cells throughout the body,
wasting, severe infection, death, and in those animals that
survive, blindness. The more severe the vitamin A defi-
ciency, the more common, and severe, the consequences.
For OVer60 years, physicians have reported increased

rates of infection and greater severity of measles in
children who were vitamin A deficient; abnormalities that
could be cured or prevented with vitamin A. In each of
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three hospital-based, randomized, controlled treatment
trials (one in London in 1930; two in the past decade in
Africa), children who received vitamin A died at less than
half the rate of children who received routine therapy.
The African measles mortality studies, and a recent
African measles morbidity trial, examined the incidence
and severity of measles complications. All found these
were reduced in children receiving vitamin A. Community-
based observational and intervention trials, particularly
a recently completed morbidity trial in Ghana, indicate
that better vitamin A status reduces the risk of other
severe infections as well, particularly diarrhoea and
pneumonia.
In 1983, a community-based observational study re-

examined 4000 preschool-age Indonesian children seven
times over an 18-month period. Other factors being
equal, there was a close, statistically significant dose-
response relationship between the severity of vitamin A
deficiency and the risk of infectious episodes and death.
The observation that the presence and severity of

vitamin A deficiency had a direct relationship with mortality
suggested the possibility that improvement in the vitamin
A status of children in communities in which vitamin A
deficiency was prevalent might reduce childhood (age 6
months to 6 years) mortality. A series of controlled,
community-based prophylaxis trials was carried out over
the past decade in which mortality among children
randomly assigned to receive supplemental vitamin A was
compared with that of their concurrent controls. The
results of six such trials (two each in Indonesia, India and
Nepal) have been published. In all six trials, the vitamin
A group experienced lower mortality. Pooling the six
trials (over 10OQOchildren and 1000 deaths) using meta-
analytic methods indicates that conservatively, vitamin A
supplementation programmes can reduce childhood
mortality by 34%. The size of the impact observed in each
of the six trials was consistent with the 34% overall reduc-
tion (heterogeneity, p~0.32). The probability that the
vitamin A programmes reduced childhood mortality was
highly significant (p<1O-9). The consistency of these find-
ings is particularly persuasive given variations in the
underlying mortality and other health indices of the study
populations and differences in the design and conduct of
the trials.
Cause-specific mortality was examined in three of the

community-wide mortality intervention trials; in all three,
there were dramatic reductions in deaths associated with
diarrhoea (the major cause of death in children over
5 months of age) and measles.
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These same intervention trials, and at least two directed
at the impact on xerophthalmia, confirm that improve-
ment of vitamin A status in deficient children will prevent
even the most severe forms of xerophthalmia, including
keratomalacia and blindness.
Modern molecular biology has begun to unravel the

mechanisms by which vitamin A exerts its powerful,
pervasive effects. It is now known that vitamin A directly
affects the expression of at least 300 different genes, a
number that is likely to grow, which in turn affect cellular
differentiation, the integrity of epithelial lining structures
and immunological function. While the precise mechanisms
by which vitamin A manifests its impact are yet to be
delineated, the biological plausibility of those effects is
well established.
The consistency of animal models with the clinical

reports, observational studies, community-based preven-
tion and hospital treatment trials, and their biological
plausibility, all support the generalizability of the clinical
findings. In view of the existing evidence, it seems un-
warranted that future trials should withhold vitamin A
from deficient children 6 months of age and above.
The reduction in child mortality achieved by prophylactic

community-wide improvement of vitamin A status and
vitamin A treatment of measles cases is comparable to the
impact of the most effective of the other child survival
strategies. Methods for improving vitamin A status
include periodic distribution of large-dose capsules
appropriate for age, fortification of readily consumed
dietary staples and increased intake of vitamin A-rich
foods, alone or in combination. The cost of a large dose of
vitamin A from UNICEF delivered to any country is only
2 to 4 US cents.
In one intervention study (Jumla, Nepal) with high

underlying mortality, the cost per death averted was only
$ 11. The costs associated with improving vitamin A status
will be minimized when such programmes are integrated,
as appropriate, with other child survival strategies;
attempts to control other relevant micronutrient deficien-
cies; and as part of existing community health activities.
Much of the mortality reduction in the vitamin A trials

and hospital studies occurred in children with only margi-
nal pre-existing deficiency. In most trials, study children
were without xerophthalmia, as those with ocular disease
were excluded at baseline. In others, xerophthalmia was
rarely, if ever, encountered in the population.
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