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Appropriate technology
"In our age, the greatest challenge before world
medicine is to see that the most useful parts of the
knowledge we already have are brought to all those
who need it."'

Too many millions of people still live brief and disease ridden
lives without access to any of the medical benefits already well
established. To bridge this gap reliable tools, materials,
techniques, and equipment need to be identified, publicised,
and made widely available. This week the BMJ begins a
series of articles on the technologies needed in the Third
World.

No one doubts that medical research will, sooner or,later,
develop totally new ways to control some of the major tropical
diseases but, as their populations increase, the developing
countries cannot wait for technological miracles. In many
areas more than half of the children die before the age of 5
from a lethal combination of malnutrition and infectious
diseases susceptible to simple interventions well within the
capacity of the most basic health care services.2 Until infant
and child mortality falls, parents are unlikely to be interested
in spacing or limiting their families.

In the long term, better health will depend on socio-
economic progress, environmental improvement, and the
spread of education. Meanwhile, basic medical care is the
immediate need and can also serve as a useful entry point for
preventive health care programmes in the community. Even
if it were considered desirable (and many of us now question
this), there is no way in which the Western pattern of high
cost technology, hospital based medical care, supplied by
highly trained professionals, could be extended to cover the
scattered villages and the crowded urban slum communities
where many Third World families live. Their medical care
must come through a network of local health workers, who
should receive a short, practical training and be given the
appropriate equipment for their work. These workers need
support in the form of adequate back up facilities at outlying
health centres and small district hospitals. This crucial inter-
face is where the genuine appropriateness of many health
related technologies will be put to the test.
To be considered appropriate, a technology should meet

six criteria. Firstly, it must be effective-that is, it must work
and fulfil its purpose in the circumstances in which it needs
to be used. Secondly, it must be culturally acceptable and so
fit into the hands, minds, and lives of its users without dis-
rupting a social fabric that may already be fragile. (Neverthe-
less, if new ideas and techniques are introduced they may
stimulate local enterprise and promote self sufficiency.)
Thirdly, it must be affordable-though this does not imply
that an appropriate technology must always be cheap. The
trade offs between cost and effectiveness may be worth while,
and the choice must be an informed one, made only after full
consideration of all the resources that can be made available
and the urgency and importance of the need to be met.
Fourthly, it must be sustainable locally-that is, the tech-
nology should not be overdependent on imported skill for its
continuing function, maintenance, and repair. Fifthly, it
must be measurable; the impact and performance of any
technology needs proper evaluation if it is to be recom-
mended.: Finally, it must be politically responsible, for it is
unwise to alter an existing balance in a way that might be
counterproductive. For example, it might be unwise to
encourage minimally trained health workers to take too great
an initiative without first making sure that the powerful
medical leaders in the area favour this delegation of responsi-
bility and will help the health workers if they run into dif-
ficulties.

Techniques and equipment appropriate to the conditions in
developing countries must never be stigmatised as second rate
just because they may have been superseded in the West. To
recall Voltaire, "the best is the enemy of the good."4 On the
other hand, there should be no romanticism about the innate
appropriateness of simple technologies. There are already
several instances where advanced technologies have provided
economical and effective "fixes"-for example, the vaccine
safety marker (PATH (Program for Appropriate Tech-
nology in Health), Canal Place, 130 Nickerson Street, Seattle,

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.288.6426.1251 on 28 A

pril 1984. D
ow

nloaded from
 

http://www.bmj.com/


1252 BRITISH MEDICAL JOURNAL VOLUME 288 28 APRIL 1984

Washington 98104, USA), solar powered refrigeration,5 and
the silver swaddler,6 which is used to transfer low birthweight
babies to a neonatal unit. At the same time, several traditional
techniques-for example, acupuncture and an upright position
during childbirth-are being evaluated scientifically, so per-
haps the transfer of technology ought not to be considered as a
one way process.
Some critically annotated lists of best buys among health

related appropriate technologies could provide tremendous
support for primary health care movements in all countries
and enable those concerned to use their limited resources
wisely. In addition, this information may help voluntary
agencies and charitable organisations to function more
effectively and avoid inappropriate equipment in areas where
technical help is urgently needed. These challenges must not
be overlooked at a time when so much attention is given to
the continuing advance of the frontiers of medical research.

KATHERINE ELLIOTT
Formerly medical adviser and consultant to
AHRTAG (Appropriate Health Resources

and Technologies Action Group),
London SW7 4QZ
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Acquired resistance to
cancer chemotherapy
Many human cancers, such as colorectal carcinoma or malig-
nant melanoma, are naturally resistant to anticancer drugs,
and the results of treatment are poor. Other tumours, how-
ever, may respond well to drugs at first, but eventually the
treatment fails because the cancer becomes drug resistant.
For example, patients with breast cancer or advanced small
cell cancer of the lung commonly improve with chemotherapy,
but eventual treatment failure is almost invariable. Even among
tumours which can be cured by chemotherapy, such as
Hodgkin's disease, testicular cancer, or acute leukaemia,
acquired resistance leads to failure in a quarter to a half of
cases. What, then, do we know of the mechanisms of acquired
resistance, and how may it be overcome?
Among the factors determining the outcome of cancer

chemotherapy are the patient's ability to absorb or activate
drugs, the tolerance of normal tissues, the penetration of
drugs into the sites of disease in the body, and their ability to
penetrate the tumours themselves-which may be poorly
vascularised. The drug must cross the cell membrane; and the
final outcome will then depend on the biochemical make up
of the cell-and, to some extent, on its proliferative state.

Clinical failure of treatment after an initial response may
result from changes in any of these factors. Normal tissue
tolerance is a common practical limitation. Sanctuary

sites where drugs cannot penetrate may lead to relapse: the
central nervous system is such a site in acute leukaemia.
Poor tumour vascularity has been shown to limit the effective-
ness of treatment in laboratory studies,' but whether in a
clinical setting changes in vascularity can lead to a newly
acquired resistance after initial sensitivity is not yet known.
Some phases of the proliferative cycle of a cell are known to be
relatively resistant to some drugs,2 but there is little evidence
that human tumours which are initially sensitive to a drug
become resistant by altering their proliferation kinetics.
Commonly, acquired resistance seems to be due to bio-

chemical changes within the tumour cells. The differences
between sensitive and resistant cells have been defined in
detail for a number of experimental systems. Tumour cells
have been exposed to a drug in vitro or in vivo until resistance
has become apparent and the biochemical make up of the
resistant variant compared with the "wild" tumour cell.
Results obtained in this way need to be assessed with caution,
for the circumstances are very different from those found in
clinical practice. Such research does, however, provide valuable
insights into potential mechanisms.
One of the best understood examples is the antimetabolite

methotrexate. This drug enters cells by an energy dependent
process and inhibits dihydrofolate reductase, a key enzyme
in folate metabolism, which is necessary for the synthesis of
nucleic acid precursors. When human and murine tumours
are exposed to continuous low concentrations or graded
increases in the concentration of methotrexate in vitro they
become resistant for several well defined different reasons.3 4

Uptake of the drug into cells may be reduced, mutant enzymes
with a low affinity for the drug may be synthesised, or the
amount of dihydrofolate reductase enzyme within the cell may
be increased. In resistant cells which contain excess di-
hydrofolate reductase the gene which codes for this enzyme is
present in greatly increased number. These amplified genes
can exist either as an integrated part of a cellular chromosome
(identified as a homogeneously staining region on karyotypic
analysis) or as separate small pieces ofDNA, so called "double
minute" chromosomes. Since double minute chromosomes do
not segregate and may be lost during cell division, resistance to
methotrexate may be unstable when the selection pressure in
favour of resistant cells is removed.5 6
The cellular basis of experimentally induced drug resistance

is now known (at least in part) for many other anticancer drugs.
Mechanisms include failure of drug uptake or activation,
increased drug efflux or catabolism, mutant target enzymes, or
increased repair of damage to DNA.7 8 The patterns of cross
resistance or sensitivity have been worked out in detail for
murine tumours.9 Much interest has been focused recently
on alterations in the cell membrane which appear to induce
resistance to several drugs of different groups-so called
pleomorphic drug resistance.10 Some of these many mech-
anisms probably do underlie clinical drug resistance, but
much work remains to be done to clarify their relevance to
clinical practice.

Exactly how cells with a drug resistance phenotype come
to dominate the tumour is not yet entirely clear. The early work
of Luria and Delbruck on the resistance of bacteria to bacterio-
phage provided an important experimental model in which
acquired resistance was due to the selection by the bacterio-
phage of spontaneously occurring mutations.'1 Studies apply-
ing the same methods to mammalian neoplastic cells have
suggested that a similar process of mutation selection occurs
when cancer cells are treated with drugs.'2 13 Goldie and
Coldman developed a mathematical model of this process.14
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