
THE NATIONAL MEDICAL JOURNAL OF INDIA YOL.!, NO.6 281

Cancer, dietary fats and polyunsaturated fatty acids
BELUR R. LOKESH, JOHN E. KINSELLA

ABSTRACT
Increasing environmental pollution, changing lifestyles
and food habits, particularly a high intake of dietary fats,
have raised the incidence of cancer in developing coun-
tries, though this disease has been prevalent mostly in
Western societies. High levels of dietary linoleic acid-an
n-6 polyunsaturated fatty acid found in vegetable oils-
possibly hastens the growth of certain tumour cells.
Linoleic acid is metabolized to arachidonic acid which can
be converted to immunosuppressive prostaglandins such
as prostaglandin E2. In the presence of high levels of pros-
taglandin E2 tumour cells may proliferate by escaping nor-
mal immunological surveillance of the host. In compari-
son, the n-3 polyunsaturated fatty acid found in fish, sea
food and leafy vegetables can effectively decrease pros-
taglandin E2 synthesis and also suppress the growth of
some tumour cells, thereby increasing the susceptibility of
cancer cells to chemotherapeutic drugs. Hence, some
modification in the amount and type of dietary polyun-
saturated fatty acids may prove useful in reducing some of
the risk factors of cancer although their mechanism of
action is not fully understood.

INTRODUCTION
Cancer and heart disease are the two major killer diseases
in the Westt-' whilst in developing countries like India!
infectious diseases such as pneumonia and tuberculosis
are major lethal diseases (Fig. 1). However, in recent
years the number of cancer cases reported for developing
countries is similar to that reported for developed
nations." About half of the new cases of cancer reported
annually occur in developing countries (Table I). Though
the types vary, cancer is now a major concern world-
wide.

TABLEI. Summary of selected cancer cases-

Cancer Total cases reported
worldwide

Total cases reported in
developing countries

Lung
Breast
Cervical
Oesophageal
Stomach

600000
250000
180000
300000
600 000

200000
100 000
140000
250000
330000
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FIG. 1. The common causes for death among males and females
in Bombay (India) between 1964-1974.3 A: Pneumonia, B:
Tuberculosis, C: Heart diseases, D: Accidents, E: Dysen-
tery, F: Cancer, G: Pulmonary diseases. .
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FIG. 2. Relative incidence of mortality from different cancers in
Bombay (India) between 1964-1974.3 A: Lung, B:
Oesophagus, C: Stomach, D: Intestine, E: Rectal, F: Breast.
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TABLEII. The relative concentrations of PUFAs in food materials85,86

a. Linoleic acid (18:2n-6) c. Eicosapentaenoic (20:5n-3) and docosahexaenoic acids (22:6n-3)

Source Linoleic acid as % Source 20:5n-3 22:6n-3 Source 20:5n-3 22:6n-3
of total fatty acids (% of total fatty acids) (% of total fatty acids)

Corn oil 51 Fish species Sardine (Japan) 16.8 12.2
Cottonseed oil 72 Bass, white 7 11 Shark (U.S.) 6.0 27.0
Groundnut oil 41 Bullhead, brown 7 7 Shark (U.S.) 6.5 19.7
Sunflower oil 69 Burbot 12 17 Squid (Japan) 12.4 18.2
Wheat germ oil 66 Crappie, black 5 15 Tuna (Japan) 8.6 26.9
Walnut 57 Drum, fresh water 5 7 Tuna (U.S.) 8.6 .•• 18.4
Safflower oil 75 Perch, yellow 12 26 Tuna, yellowfin 5.0 22.0
Evening primrose oil 72 Pike, walleys 8 22 Tuna, bluefin 5.0 21.0
Poppy seed oil 72 Salmon 5 17 Tuna, albacore 6.0 17.0
Sesame oil 45 Smelt 13 23 Red salmon
Ricebran oil 37 Sucker, white 10 15 (Puget Sound) 8.9 9.8
Linseed oil 14 Sunfish, Red salmon
Rapeseed oil 14 pumpkinseed 7 14 (North Alaska) 9.7 7.5
Mustard seed oil 9 Trout, brook 7 9 Squid 15.0 37.0

Trout, rainbow 5.0 30.0
Fish oils
Anchovy (Mexico) 17.3 18.1

b. Linolenic acid (18:3n-3) Anchovy 22.8 8.0
Cod, Atlantic 17.0 37.0

Source Linolenic acid as % Cod, Pacific 17.0 29.0
of total fatty acids Cod liver 8.0 19.0

Cod (Japan) 14.7 4.1
Maize 66 Cod liver
Barley 64 (commercial 1978) 13.1 9.7
Broad bean 56 Cod liver
Pea 53 (Squibb 1982) 9.3 10.5
Spinach 56 Dogfish eggs (U .S.) 6.8 18.2
Linseed oil 60 MarinolR
Mustard seed oil 10 (South Africa) 21.3 8.3
Walnut 13 Menhaden (U .S.) 17.9 7.6
Rapeseed oil 10 Menhaden 24.0 8.0

Cancer is the cause for about 3.6% of all deaths
reported in India.' Among Indian males lung,
oesophageal and stomach cancers account for 31% of all
cancer deaths, while among females breast, oesophagus
and stomach cancers account for 30% of all cancer deaths
(Fig. 2). Lung cancer is more prevalent among cigarette
smokers and oesophageal cancer is found mostly among
tobacco chewers. 5-7

Dietary habits are also associated with the aetiology of
certain cancers.s=? Some foods contain carcinogens (e.g.
gossypol, safrole, hydrazines, glycoalkaloids, allyliso-
thiocyanate etc.) or anticarcinogens (e.g. vitamin A,
selenium, ~-carotene, ascorbic acid) which play an impor-
tant role in the development or prevention of cancer. 11

Even normal dietary constituents, especially fat content
and composition, can influence the progress of carcino-
genesis. 12Fats are defined as substances soluble in organic
solvents and are actual or potential derivatives of fatty
acids. Dietary fats may be saturated (e.g. palmitic,
stearic) or unstaurated molecules (oleic, linoleic, linolenic,
arachidonic, eicosapentaenoic, docosahexaenoic acid).
The most commonly occurring fatty acids in dietary fats
are long chain fatty acids (e.g. palmitic acid) and polyun-
saturated fatty acids (PUF A) which are subdivided into
n-6 or w-6 and n-3 or w-3 PUF A to designate the positions

~COOH stearic 18:0

~COOH
oleic: n-9-18: 1

~COOH linoleic: n-6-18:2

~COOH
linolenic: n-3-18:3

~COOH
eicosapentaenoic: n-3-20:5

FIG. 3. Different families of unsaturated fatty acids, showing
the different positional arrangements of the double bonds
counting from the methyl n or w terminus.

of the first double bond from the methyl end of the
molecule (Fig. 3). Some of the common sources of
selected PUF As are listed in Table II. High intakes of
dietary fats (both saturated and unsaturated) appear to
promote the proliferative growth phase of cancer cells. 13

For example, epidemiological studies from various coun-
tries show that there is a significant correlation between
breast cancer in women and the amount of fat consumed
in their diets (Fig. 4).12
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FIG. 4. Correlation between dietary fat and breast cancer in different countries.'!

The average diet in the USA provides about 140 to
160 g of fat per day, though in recent years the actual
consumption is approximately 80 g per day.!" In India, the
average fat consumption varies from 21 to 80 g per day
depending on dietary habits (vegetarian vs. non-vegeta-
rian) and socio-economic status.l>"? The incidence of
breast cancer among the populations consuming about 40
to 50 g offat per day (e.g. Japanese, Taiwanese, Filipinos,
Indians) is 80% lower than that observed in populations
consuming more than 100 g of fat per day (Fig. 4). There-
fore, lower fat consumption may reduce the risk of breast
cancer.

The mechanism by which dietary fat may influence
cancer is not fully understood. The following possible
mechanisms have been suggested: caloric effect, effects
on hormones, effects on membrane fluidity and effects on
eicosanoid synthesis and the immune system.

CALORIC EFFECTS OF FATS AND CANCER
Tannenbaum in 1940 reported that restricted caloric
intake decreased skin, lung and liver cancer in mice20•21

and inhibited the growth of mammary, colon and pan-
creatic tumours and reduced leukaemia in experimental
animals.P=? Kritchevsky et al.23 showed that a low fat,
high calorie diet increases DMBA-induced mammary
tumorigenesis more in rats than in control animals. These
and numerous other studies indicated that the tumour
enhancing effects of high dietary fats may be related to
their caloric effect. 22-24 Fats provide twice as many
calories per gram (9 kcal/g) as carbohydrates or proteins,
therefore high fat diets may contribute more to the growth
oftumours.

It is also possible that differences in fatty acid composi-
tion rather than the total amount of the dietary fats may
affect tumour growth. Thus, Cohen et at. 25 noticed that
the growth of N-nitrosomethyl urea-induced mammary
tumours were enhanced 1.7 times in rats fed on corn oil or

safflower oil (diets rich in n-6 PUFA) than in rats fed on
coconut oil diets (rich in saturated fats) even though the
total fat content in these diets was maintained at 23% by
weight. This indicated that the tumour promoting proper-
ties of high fat diets depend not only on the fat content
(caloric intake) but also on the composition of dietary
fat. 25

DIETARY FATS, HORMONES AND CANCER
The importance of the endocrine system in the develop-
ment of mammary tumours was recognized in 1913.26•27

Several hormones such as prolactin, thyroxine, oestrogen,
progesterone, insulin, glucocorticoids and growth hor-
mones appear to playa role in mammary tumorigenesis
in rodents.26-28 Dietary fats may alter hormone Ievels.P
The serum prolactin levels in female Sprague Dawley rats
was enhanced five-fold when the rats were fed a 20% by
weight lard diet compared to those fed a 0.5% lard diet.j?
However, investigators from several other laboratories
failed to notice such increases in serum prolactin levels
when the rats on 20% by weight fat diet were compared
with those on regular diets containing 3% to 5% fat.28

Similarly Ip et al.30•31 observed that oestrogen, proges-
terone and prolactin levels were not significantly altered
in rats fed 20% by weight corn oil diets compared with
0.5% by weight corn oil diets. However, DMBA-induced
mammary tumours were markedly increased in animals
fed 20% by weight corn oil diets.P-" Recently Clinton et
al.32 also observed that even though the growth of
DMBA-induced mammary tumours was significantly
enhanced in rats on a diet containing 20% by weight corn
oil compared to those on 20% by weight beef tallow, the
serum prolactin levels were not altered in these animals.
Therefore, while hormones themselves may have a defi-
nite influence on the growth of certain tumours," the
enhancement of tumour growth by high dietary fats may
also occur through hormone-independent mechanisms.
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DIETARY FATS, MEMBRANE FLUIDITY
AND CANCER
The fatty acid composition of most cancer cells is similar
to the fatty acid composition of dietary lipids of the host. 33
The PUF A contents of L1210 leukaemic cells or Ehrlich
ascites carcinomas can be significantly enhanced by feeding
mice bearing these cancer cells with a diet enriched in
16% by weight sunflower oip3 Similarly the PUF A com-
positions of L1210 leukaemic cells, Y-79 retinoblastoma
cells and Friend erythroleukaemia cells can be increased
by supplementing the growth medium with linoleic,
arachidonic or docosahexaenoic acid (DHA). 33,34Enrich-
ment with n-6 PUF A increases the membrane fluidity in
these cancer cells3~35which may facilitate increased cell
division." It has been observed that membranes derived
from proliferating mammary tumours have more linoleic
acid (18:2n-6) than do cell membranes derived from non-
proliferating mammary cells." However, enrichment
with highly unsaturated eicosapentaenoic acid (EPA) of
the n-3 PUF A family decreased the growth of mammary
turnours in rats" Therefore, though dietary polyunsatu-
rated fats can increase membrane fluidity of cancer cells,
they do not necessarily enhance proliferation of these
cells.

EFFECTS OF DIETARY FATS ON EICOSANOIDS,
THE IMMUNE SYSTEM AND CANCER

Dietary n-6 Polyunsaturated Fatty Acids
Even though a high intake of dietary fat is a risk factor,
not all fats promote cancer equally" Saturated fats, such
as hydrogenated cottonseed oil do not promote the
growth of transplantable adenocarcinomas to the same
extent as corn oil in BALB/c mice.r" Corn oil contains
60% linoleic acid (18:2n-6), an n-6 PUFA, which facili-
tates tumour growth in experimental animals. This was
demonstrated in a 60% enhancement in the growth of
adenocarcinomas in BALB/c mice fed a fat-free diet
supplemented with linoleic acid in a low concentration of
0.1%.41 The DMBA-induced mammary tumorigenesis
in female Sprague Dawley rats increased proportionately
when the linoleic acid content of the diet was increased
from 0.5% to 4.4%.42 Dietary linoleic acid, therefore,
may promote the growth of mammary tumours.

Dietary linoleic acid is metabolized to gamma linoleic
acid via desaturation by ~ 6 desaturase and thence to
arachidonic acid (20:4n-6), which is mostly esterified into
membrane phospholipids (Fig. 5). Phospholipases are
activated on stimulation with inflammatory agents,
hormones or calcium, and hydrolyze membrane phos-
pholipids to release free arachidonic acid. This free
arachidonic acid is oxygenated by cyclo-oxygenase to
produce prostanoids such as prostaglandin E2 (PGE2),
prostacyclin (PGI2) and thromboxane (TXA2) or by
lipoxygenase to hydroxy fatty acids and leukotrienes
(Fig. 5). .

It is possible that the increased growth of cancer cells in
animals fed diets rich in linoleic acid, corn oil, safflower
oil and sunflower oil are influenced by these eicosanoids
(prostaglandins and leukotrienes), whose concentrations
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FIG. 5. Metabolism of linoleic acid (18:2). HETE: Hydroxy-
eicosatetraenoic acid, LT: Leukotriene.

are affected by dietary linoleic acid.P The growth of lung
tumours, mammary tumours, thyroid carcinomas, colon
carcinomas and renal carcinomas increases as the PGE2
content in the tumour is increased.38,44,45

Prostaglandin E2 is produced copiously by activated
mononuclear phagocytes such as macrophages." This
prostaglandin may exert an immunosuppressive effect
and help cancer cells to escape the host's immunological
surveillance." Prostaglandin E2 inhibits the mitogenic
responses of peripheral blood mononuclear cells and
T cells to concanavilin A or phytohaemagglutinin."
Indomethacin, an inhibitor of prostaglandin synthesis,
restores antibody responses, enhances the immune func-
tions such as delayed hypersensitivity'? and also restores
antibody responses in tumour-bearing mice. 50Therefore,
excess production of PGE2 impairs the immune functions
of the host. Immune cells, such as macrophages, from
tumour-bearing mice produce more PGE2 compared to
cells from healthy animals.>' When indomethacin was
administered to these animals it significantly reduced
PGE2 synthesis and suppressed tumour growth.P Only 1
of 12 indomethacin-treated mice supported the growth of
adenocarcinomas compared to 10 of the 12 control mice.
This would indicate that the factors which reduce PGE2
synthesis have the potential to decrease certain forms of
cancer. 52

Certain dietary n-3 PUFAs such as EPA and DHA
found in fish oils decrease PGE2 synthesis in mac-
rophages= and tumour cella." Thus growth of tumour
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cells may be decreased in the subjects consuming a diet
enriched with EPA or DHA by the action of these fatty
acids on PGE2 synthesis.

Dietary n-3 Polyunsaturated Fatty Acids
Greenland Eskimos and Japanese fishermen consume a
high fat diet of marine foods which are rich in n-3 PUF A
and have a low n-6 PUF A content. These people are
reported to have lower levels of plasma arachidonic acid
and PGE2.54-56In spite of the consumption of these high
fat diets, the incidence of breast cancer among these
populations is relatively low compared to that in fisher-
men of Denmark or in farming societies elsewhere.Fe"
The incidence of cancer among Japanese migrants to
Hawaii and their children, who change their food habits
to those of the local population, rises to a level similar to
that of the natives.57,59,60These observations indicate that
dietary habits rather than genes particularly influence the
incidence of cancer.

Diets rich in n-3 PUFA, consumed by Eskimos and
Japanese fishermen, may have the potential of lowering
the risk of breast cancer. This has been confirmed in many
animal studies. BALB/c mice maintained on a diet
supplemented with Menhaden oil (containing 16% EPA
and 11% DHA) developed fewer transplantable mammary
tumours than those on a corn oil supplemented diet (con-
taining 60% linoleic acid and no n-3 PUFA).61 Similarly
female rats on a MAXEPA diet (17% EPA and 17%
DHA) showed a reduction in the growth of transplanted
R3230AC mammary tumours.f This correlates with a
decreased arachidonic acid level in the tissues and a
reduced PGE2 synthesis in.mammary tumours indicating
that the facilitative potential ofPGE2 in supporting cancer
growth can be manipulated by dietary fats such as n-3
PUFA.38,62

However, high levels of n-3 PUF A may be needed to
control PGE2 levels and cancer growth especially if total
dietary fat and n-6 PUF A intake is high. 43,62,63A diet con-
taining 3% by weight fish oil like menhaden oil was inef-
fective in retarding the growth of mammary carcinomas
in rats.v' Increasing dietary fat to 20% by weight fish oil
decreased tumour growth in experimental animals by
60% to 70% compared to animals on 20% by weight corn
oil diets indicating that relatively high concentrations of .
n-3 PUFA are needed to suppress tumour growth.64,65
The growth retarding effects of dietary n-3 PUFA have
been observed against a variety of inducible tumours such
as the DMBA-induced mammary tumour.P NMU-induced
mammary tumour.v L-azaserine-induced pancreatic
preneoplastic lesions.w MAM-induced colon tumours'"
as well as transplantable tumours such as the R3230AC
transplantable tumour." and IX transplantable mammary
adenocarcinomas.s'

However, fish oil n-3 PUF A is not effective in suppres-
sing all forms of cancer. Though n-3 PUF A can effectively
decrease the primary growth of a number of tumours, it is
ineffective in controlling metastasis of certain
tumours.68,69Kort et al. recently observed that 30 energy
percentage fish oil (7 energy percentage n-3 PUFA) in the
diet decreased syngeneic mammary tumour growth in
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BN/B rats but was ineffective in preventing the metastasis
of these cells to the lungs.P' Fish oil diets (26% n-3 PUFA)
had only a marginal inhibitory effect on the growth of
HSDM fibrosarcoma in Swiss albino mice. 70Similarly fish
oils failed to prevent the carcinogenic effects of
azoxymethane induced intestinal tumours in Sprague
Dawley rats." The growth of Walker sarcoma 256 cells in
Sprague Dawley rats was also unaffected by fish oil diets.
In these studies the fish oil diets significantly decreased
PGE2 levels in serum.68-71This indicates that the fish oil
n-3 PUF A may not have a uniform effect on all types of
turnours even though the fish oil diets decreased the con-
centration of PGE2 in serum and tissues. 38,68,70Therefore,
some tumours may be insensitive to changes in PGE2 and
fish oil n-3 PUF A has very little effect on these cells.

In addition to their effects on the host immune system
via alteration of PGE2 synthesis, fish oil n-3 PUFA are
readily incorporated into a variety of malignant cells such
as the L1210 leukaemic cells, Y-79 retinoblastoma and
mammary tumours.Pv" This increases the susceptibility
of these cells to chemotherapy. 72,73The survival of
leukaemic cells enriched in EPA or DHA to 0.4 !J.M
adriamycin treatment was reduced to 12% to 15% com-
pared to a survival rate of 60% for n-3 PUFA deficient
cells under similar conditions.v-P The survival of
leukaemic cells containing n-3 PUFA was also decreased
during hyperthermia. 74The n-3 PUFA can also selectively
kill neoplastic cells cultured in vitro.l? Apparently n-3
PUF A may be useful in selectively eliminating malignant
cells.

Most of the studies on dietary n-3 PUFA and cancer
were conducted using fish or fish oil as sources for n-3
PUFA. Many people in India are strict vegetarians and
refrain from using any muscle food items like fish and
meat. Therefore, alternative vegetarian n-3 PUFA sources
are needed if these fatty acids are to be recommended for
their modulation effects on eicosanoids. Many green leafy
vegetables, oil seeds and legumes contain linolenic acid
(18:3n-3). This fatty acid can be elongated and desatu-
rated to EPA, and mostly DHA in humans, and therefore
this may partly explain why vegetarian diets may reduce
cancer. Dietary linolenic acid also reduces PGE2 synthesis
to a similar extent as EPA and DHA.7&-78However, no
studies have been conducted to investigate whether
linolenic acid could also suppr,ess the growth of tumour
cells. Studies involving the incidence of cancer among
vegetarians and non-vegetarians have not received much
attention though the consumption of fruits and vegetables
is widely advocated as an approach for reducing cancer.

Phillips?" evaluated the role of lifestyles and dietary
habits in the risk of cancer among Seventh Day Adventists
who are an evangelical religious group in the USA. Many
aspects of their lifestyle and dietary habits are similar to
those of the middle class vegetarian population of India.
About fifty per cent of Seventh Day Adventists are lacto-
ovo-vegetarians. They abstain from meat products and
avoid highly refined foods. They mainly eat vegetables,
fruits, whole grains and nuts. On an average these people
consume 25% less fat and 50% more fibre compared to
the non-vegetarian population. The cancer mortality
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(gastrointestinal and reproductive cancers) in this group
is half to two-thirds of the mortality rates observed in the
non-vegetarian population.?' This suggests that a lacto-
vegetarian diet may protect the population from exposure
to a high risk of cancer. The preventive role of the fatty
acid components in vegetarian diets in these populations
need to be assessed.

SCOPE AND LIMITATIONS OF DIETARY
APPROACH·
Even though dietary polyunsaturated fats can modulate
the growth of certain cancer cells such as mammary car-
cinomas, colon carcinomas and pancreatic tumours, it
may be premature to promote therapy based on the
manipulation of dietary PUF As for cancer prevention or
treatment. Intake of n-6 PUF A should be minimized to
decrease the potential of the host tissue to generate excess
amounts of immunosuppressive eicosanoids such as PGE2
which may facilitate rapid proliferation of tumour cells
such as mammary tumours. The intake of n-3 PUFA not
only minimizes the production of immunosuppressive
prostaglandins but also suppresses the proliferation of
tumour cells. However, the n-3 PUFAs themselves are
not prophylactic agents for cancer. 33 Apparently n-3
PUF As do not themselves affect the growth of cancer
cells;" they create an environment which retards the pro-
liferation of neoplastic cells.25,38,62 By lowering immuno-
suppressive PGE2,38,47 n-3 PUFA activates immune
systems of the host for the treatment of cancer. 80-82 There-
fore, an intergrated approach combining nutrition and
appropriate therapy may help to combat this major killer
disease.

CONCLUSION
Consumption of fatty food is far less in India than in West-
ern societies. The people of coastal areas consume large
amount of fish that are rich in n-3 PUF A. People of the
middle and upper socio-economic classes consume size-
able amounts of vegetables, containing n-3 PUFA, fibre
but do not utilize oils rich in n-6 PUFA as much as in
Western societies. 15-19 These food habits are perhaps the
cause of a relatively lower percentage of cancer deaths in
India as compared to other diseases. More than 50% of
cancer deaths in India are from cancer of the upper
alimentary tract caused by chewing tobacco and smoking
cigarettes.t-"

Cancer is also a disease associated with advancing age,
and with the increase in life expectancy of the Indian
population, it may pose a growing threat in old age.
Furthermore, the limited consumption of green leafy
vegetables (one of the very few sources of n-3 PUF A for
vegetarians) by many sections of the population is also a
matter of concem.v-'? The adoption of many aspects of
the Western lifestyle in India may lead to changes in food
and other habits like smoking. Therefore, educating the
public about food habits, nutrient intake and lifestyle,
together with preventive measures such as early screen-
ing, detection and better medical attention may help in
controlling the number of cancer deaths in India.83,84
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Medical oncology: Recent developments in the
management of selected neoplasms
M.M.HAQ

INTRODUCTION
Cancer has been a well-recognized and dreaded disease
for a large portion of medical history. It has been consi-
dered treatable only since the beginning of this century.
The earliest treatment was surgery but this could cure a
small fraction of patients as the disease was often diagnosed
late. During the 1950s surgery and radiotherapy cured'
approximately 30% of all diagnosed cancer patients in the
United States.' With improvements in radiotherapy and
advances in the use of combination chemotherapy the
cure rates have increased rapidly to around 50% .2 These
advances have been particularly impressive for patients
under the age of 55 for whom 5-year survival reached 59%
in 1986.3
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Anticancer drugs, introduced four decades ago, closely
followed the discoveries of antibiotic treatment for infec-
tious diseases. The first anticancer drug was an offshoot
of chemical warfare work during World War 11.4 Soldiers
who were accidentally exposed to mustard gas (mechlo-
rethamine HCl) developed leucopenia and a reduction in
the size of lymph nodes. Mustard gas was then tried in the
treatment of Hodgkin's disease and leukaemia and tran-
sient remissions were achieved. Aminopterin (metho-
trexate), an antifolate agent, was developed based on the
knowledge gained from working with antimetabolite
antibiotics and was used to treat acute lymphatic
leukaemia. There was a clear but transient response to
therapy.> The use of methotrexate as a single agent in
choriocarcinoma resulted in the first chemotherapeutic
cure in 1955.6 Further progress was slow. In 1964, an
international survey of children with acute leukaemia was
conducted to establish whether any patient had lived for 5
years following diagnosis." Worldwide, 103 survivors


