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Dietary cholesterol deprivation improves survival and
reduces incidence of metastatic colon cancer in
dimethylhydrazine-pretreated rats
J P CRUSE, M R LEWIN,* and C G CLARK

From the Department of Surgery, Faculty of Clinical Sciences, University College London, The Rayne
Institute, London

SUMMARY Cholesterol feeding of rats with colon cancer induced by dimethylhydrazine results in
reduced survival and an increased incidence of metastatic colon cancer. As cholesterol may be
implicated in the induction or maintenance of the metastatic process, an experiment was designed
to determine whether rats with colon cancer would benefit from the removal of cholesterol from
the diet. Female Wistar rats were treated with a colon cancer-inducing regimen of dimethyl-
hydrazine (40 mg/kg/week for 10 weeks) while being fed on a standard cholesterol-containing rat
pellet diet. After two rats had died spontaneously of histologically proven adenocarcinoma of the
colon at 24 weeks, the remaining rats were randomly allocated in groups of 15 to one of three
dietary regimens. Group S continued to receive standard pellet diet, group V were fed on

Vivonex alone and group VC were fed Vivonex plus cholesterol (10 mg/100 ml Vivonex). Each
group was assessed for survival and incidence of histologically proven metastatic disease. There
were no differences in either survival or incidence of metastases when groups S and VC were

compared. In the cholesterol deprived group V, however, there was a significant increase in
survival compared with groups S and VC (p<002) and this was due to a significant reduction in
the incidence of metastases (p<005). Cholesterol deprivation therefore benefits rats with
established colon cancer induced by dimethylhydrazine by improving survival and reducing the
incidence of metastases.

Patients with colorectal cancer generally die of
metastases,l and mortality from this disease is
significantly correlated with dietary cholesterol
consumption in industrialised countries.2 It has also
been shown experimentally that cholesterol-fed rats
have a greater mortality from chemically-induced
metastatic colon cancer than do control rats fed on a
cholesterol-free diet.3 Exposure to dietary
cholesterol might therefore be implicated in the
induction or maintenance of the metastatic process.
As proliferating cancer cells usually lose the
enzymatic capacity for endogenous cholesterol
synthesis and thereby become dependent on
exogenous sources of cholesterol,4 it has been
postulated that the removal of cholesterol from the
diet of the tumour-bearing host might inhibit the
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metastatic process.5 This hypothesis was tested in a
long term in vivo experiment, using the dimethyl-
hydrazine-induced rat colon cancer model.

Methods

MATERIALS
The experimental methods and diets used have been
described previously.3 Fifty outbred female Wistar
rats (A Tuck) weighing 50-60 g were weaned onto a
standard, cholesterol-containing pellet diet
(Formula 41B, E Dixon and Sons). Thereafter, all
animals received a 10-week regimen of dimethyl-
hydrazine dihydrochloride (Aldrich) at a dosage of
40 mg/kg body weight per week subcutaneously.
Three rats died of toxicity during the induction
period and were excluded from further con-
sideration. During the induction period, and for the
next 15 weeks, rats had free access to the pellet diet
and fresh tap water.
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In the 24th week after the first dimethylhydrazine
injection, two animals spontaneously died of
histologically proven adenocarcinoma of the colon.
In the 25th week, the remaining 45 rats were

randomly allocated in equal numbers to one of three
diets. Group S (n= 15) continued to receive diet 41B
and water ad libitum, constituting a carcinogen-
injected control group. Groups V and VC were both
fed on Vivonex, a cholesterol-free liquid elemental
diet. Group V (n= 15) were offered unmodified
Vivonex (100 ml/rat/day) while group VC were

offered the same quantity of Vivonex with added
cholesterol (10 mg/100 ml Vivonex/rat/day), as

previously described.3 The animals remained on

these diets for the rest of their lifetimes. Animals
were examined daily and weighed weekly, and
either died spontaneously or were killed when
fulfilling objective criteria.3 Complete necropsies,
including histological examination of macro-

scopically abnormal tissue, were performed on all
animals. The experimental design is shown in Fig. 1.
At necropsy, the cause of death was classified into

one of the following histologically confirmed
categories:
1 Death attributable to colon cancer, both primary
and metastatic (P and M).
2 Death attributable only to primary (P) adeno-
carcinoma of the colon - for example, colonic
obstruction, without evidence of metastases.
3 Death attributable only to metastatic (M) colon
cancer (invasion of regional lymph nodes,
omentum, liver, etc.).
4 Death attributable to 'other' (0) causes - for
example, pneumonia, fatal cancers of the ear canal,
kidney, small intestine, etc.
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Fig. 1 Experimental design.

Causes 2, 3, and 4 were mutually exclusive.
The experiment was evaluated by measuring three

previously described indices3 - namely, the post-
randomisation survival and the necropsy incidence
of primary and metastatic colon cancer per group.
Survival was assessed statistically by the logrank
method of Peto et al,6 and included prospective
stratification by cause of death. All other statistical
comparisons were performed by using the one-tailed
Fisher exact test.7

Results

The results were analysed when all the rats had died,
approximately 33 weeks after dietary random-
isation, and are summarised in Fig. 2 and Tables 1
and 2. At necropsy, every rat in the study,
irrespective of when it died, had at least one

histologically proven primary adenocarcinoma of
the colon, indicating that colon tumours were

probably already present at the time of random-
isation. There was no significant difference between
groups in respect of numbers of rats killed for
humane reasons, nor in respect of numbers of rats
dying of causes unrelated to colon cancer (Table 1).
Examination of the results (Fig. 2, Tables 1 and 2)

shows that dimethylhydrazine-pretreated rats
deprived of dietary cholesterol after randomisation
onto the cholesterol-free diet (Vivonex, group V)
show a significantly improved survival from death
attributable to colon cancer (P+M) compared with
the groups fed Vivonex plus cholesterol (group VC,
p 0.02) or solid diet (group S, p 0.007). While
there was no difference in survival between groups
V and VC from all causes of death, group V did
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Fig. 2 Life tables ofprobability ofsurvivalfrom death attributable to (1) primary and metastatic colon cancer (P+M), (2)
primary colon cancer (P), and (3) metastatic colon cancer (M) as afunction oftime after dietary randomisation. * Death
from relevant cancer, x deathsfrom other causes

Survival

Cause of Dietary Observed Expected Ratio
death group (0) (E) OIE p2 P

P+M S 12 7-39 1-62 7-73 0.02
VC 12 9-32 1-29
V 8 15-29 0-52

P S 5 3-51 1-43 1-69 0-43
VC 5 4*07 1-23
V 6 8-42 0-71

M S 7 3-88 1-80 6-73 0.03
VC 7 5-25 1-33
V 2 6-87 0-29

For all analyses, degrees of freedom=2.
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Table 1 Post-randomisation survival and cause ofdeath in dimethylhydrazine-pretreated rats

Cause ofdeath

Dietary group Survival Primary Metastatic Other
(n=15) Ratcode (days) colon cancer colon cancer causes

S
Standard diet

VC
Vivonex+cholesterol

V
Vivonex alone

S15
S8
S10
S2
S13
S3
S9
S7
S6
Si
S12
Si1
S4
S5
S14

VC13
VC15
VC14
VC6
VC12
VC2
VC7
vc11
Vc1
VC5
VC9
VC3
vc10
VC8
VC4

V2
VS
Vi1
V15
V14
V3
V8
V7
V12
V4
V6
V9
V13
v1o
vi

11
12
27*
31
46
47
62
80
86
101
108
115
130*
167*

20
39
40
46
67
74*
80
91*
95*
98
124*
127
139*
146
151

11
18
63
95
101
103*
106
128*
130
133
137
139
149*
155
229*

t

t

t.

t

t~
t

t

t
t*

t

t*
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t
t
t
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1*

t
t
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t*

t
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tt*

t
t

t

t

t

t

t

* Killed for humane reasons. There were no significant differences in the numbers of rats killed between groups (p values >0.05).
t Attribution of cause of death at necropsy.

show a significantly improved survival compared
with the control group (S), irrespective of the cause
of death (p 0.04). Figure 2 and Table 2 clearly
demonstrate that the improved survival of group V
is due to an improvement in survival from metastatic
(M) rather than primary (P) colon cancer, compared
with groups VC (p 0.03) and S (p 0.01). This is

confirmed by the necropsy findings (Table 1) which
show no difference between groups in the incidence
of primary colon cancer, but a significant reduction
in the incidence of metastatic colon cancer in group
V compared with groups VC (p<0.05) and S
(p<O0O5). Not only did significantly fewer rats in the
cholesterol-deprived group (V) develop metastases,
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Table 2 P values oflogrank analyses ofsurvival by cause ofdeath

Cause ofdeath

Primary and
metastatic Primary Metastatic

Groups compared colon cancer colon cancer colon cancer All causes

V vs VC 0-02 NS 0.03 NS
V vs S 0.007 NS 0-01 0.04
VC vs S NS NS NS NS

NS=Statistically insignificant (p>0-05).
Degrees of freedom= 1 for all comparisons.

but (Fig. 2) those that did do so lived significantly
longer than did the cholesterol-fed animals in either
of the other two groups (VC and S) which
subsequently died of metastatic disease (p 0.03). In
contrast (Fig. 2, Tables 1 and 2), the cholesterol-fed
group (VC) and the group fed solid diet (S) did not
differ significantly in survival from any cause of
death, nor in the incidence of metastatic colon
cancer at necropsy. The findings indicate that only
the cholesterol-deprived group (V) showed an
improved survival and reduced incidence of
metastases after dietary randomisation.

Discussion

There are no previous reports of the effects of
reducing the cholesterol or fat content of the diets of
dimethylhydrazine-pretreated animals. The mech-
anisms whereby cholesterol deprivation exerts a
beneficial action are unknown, but the finding
accords with data from other tumour models. For
example, a cholesterol-free diet retarded tumour
growth and/or prolonged the survival of mice
bearing each of four different transplantable
tumours (S180, Ehrlich carcinoma, CA 755, and
Novikoff hepatoma), and chemical agents used to
block cholesterol synthesis in vivo also retarded the
growth of the above tumours.8 Similarly, cholesterol
depletion of the host animal, either by a surgical
operation (partial intestinal resection) or by feeding
an Estrone-containing diet, limited the growth of
Novikoff ascites tumours in vivo and grolonged the
survival of the tumour-bearing rats. These data
independently suggest that tumour growth may be
retarded by limiting the amount of exogenous and
endogenous cholesterol available to the tumour-
bearing host. Our observations corroborate the
concept, and extend the findings to include
inhibition of spontaneous metastases.

Critical evaluation of the present data suggests
that the findings are unlikely to be attributable to
confounding variables. For example, it could be

postulated that the improved survival of group V
animals is due to the effect of caloric restriction,10
but it has already been shown, in the same animal
model, that the feeding of Vivonex with and without
cholesterol produces no measurable differences in
weight gain.3 Similarly, the possibility that the
feeding of cholesterol to the control groups (VC and
S) increased the number of cholesterol-related
incidental deaths in these groups is not supported by
the findings, as (see Table 1) these groups, in fact,
had fewer incidental deaths than group V.
Consequently, the results are attributable only to
the experimental variable under study - namely, the
cholesterol content of post-randomisation diet.
The present experiment provides no clues as to

the mechanism whereby cholesterol deprivation
exerts an antimetastatic action - that is, whether
biochemical, hormonal, or immunological - nor as
to whether the primary effect is on the host or on the
tumour itself. The spread of cancer is, however,
thought to be a multistage process1' and the removal
of cholesterol from the diet or dimethyl-
hydrazine-pretreated rats might conceivably reduce
the probability of occurrence of any of these stages.
While colon cancer cells can metastasise in the
absence of dietary cholesterol (cf. group V in this
experiment), the current data, and that of the
previous experiment,3 are consistent with the
interpretation that exposure to dietary cholesterol
facilitates the metastatic process. Furthermore, the
animal data suggest that cholesterol intake may be a
determinant of the survival of the colon tumour-
bearing host. Epidemiological evidence now
suggests the possibility of an analogous situation in
man.2 It is therefore conceivable that patients with
colorectal cancer might also benefit from dietary
cholesterol deprivation after resection of their
primary disease, as this may retard or inhibit the
metastatic process.

We thank Eaton Laboratories for supplying and
sharing the cost of Vivonex, Dr Richard Peto for his
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helpful criticism, Miss Pipa Skevington of the MRC
Statistical Research and Services Unit for the
survival analyses, and Diana Wilson for typing the
manuscript. This work was carried out while JPC
was a Rhodes Scholar.
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