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A prospective study of the relationship between serum vitamins A and E
and risk of breast cancer
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Summary In an 8 year prospective study (1977-1985) on breast cancer, blood was taken from 5,086 women
resident in Guernsey, and the serum stored at -20°C. During this period 30 women developed the disease
and their serum samples were analysed for vitamins A and E, and for retinol-binding protein (RBP). A
further 288 age-matched control sera (up to 10 per pre-cancer case) were similarly analysed. No relationship
was found between any of these substances and subsequent development of breast cancer. A significant
correlation between increasing age and vitamin A (r=0.46, P<0.001) and RBP (r=0.36, P<0.001)
concentrations was observed. There was also a trend for increased blood concentrations of vitamin E with
age, but this was not significant. Serum RBP and vitamin A concentrations were highly correlated (r=0.91,
P<0.000l).

A number of prospective studies have shown a significant
negative correlation between serum vitamin A (retinol)
concentrations and risk of cancer, in particular, that of the
lung and stomach (Wald et al., 1980; Kark et al., 1981;
Stahelin et al., 1982). It was later found that the association
was due to early cancer lowering vitamin A levels (Wald et
al., 1986). Wald et al. (1984) found no relationship between
plasma vitamin A concentrations and subsequent develop-
ment of breast cancer, but fl-carotene values showed a

tendency to be lower than in the normal controls and there
was a significant inverse relationship between the vitamin E
(a-tocopherol) concentration and risk. In contrast, no
association was reported between serum retinol, f-carotene
or vitamin E concentrations and risk of cancer, including
that of the breast and lung in a prospective study by Willet
et al. (1984) but Menkes and her colleagues (1986) did find
an association between low levels of vitamin E and the risk
of lung cancer.
With the availability of a series of some 5,000 serum

samples from a new prospective breast cancer study on

women resident on the island of Guernsey, it seemed
appropriate to re-investigate the problem using a newly
developed high performance liquid chromatography (HPLC)
method which included butylated hydroxytoluene (BHT) as

an antioxidant (Russell et al., 1986). In addition, serum

retinol binding protein (RPB), which is a good indicator of
nutritional status (Gofferje, 1978; Tyler et al., 1984), was

also measured.

Subjects and methods

Blood samples were taken between 1977-1985 from 5,086
volunteer women (age 26-88 years) resident in Guernsey.
The separated serum from each women was stored in
1O x 2 ml plastic vials at - 20°C until analysed. The removal
of 1 vial for vitamin A and E and RBP assays ensured that
the samples would be only thawed once and not re-frozen
between analyses. The remainder of the thawed sample was

discarded. Since this trial started 30 women developed breast
cancer. Selection of controls was by age (±3 years) and
menopausal status and up to 10 (overall total=288) were

selected for analyses with each cancer case. Where possible
the controls were selected from samples collected at, or

about the same time as the pre-cancer sample, thus the
storage time of the controls in each group was in most
instances within +3 months of that of the pre-cancer

sample. In 3 cases a few of the controls in each set were

outside these limits. A normal human serum pool was
prepared and also stored at -20°C in 2ml vials. This was

used in method validation and also used as a quality control
with each batch of assays.
Serum retinol and a-tocopherol were measured by HPLC

(Russell et al., 1986). Several workers (Chow et al., 1983;
Driskell et al., 1985) have shown that the addition of
antioxidant at the extraction stage of the analysis prevents
the loss of vitamin A, even in frozen stored serum samples.
We have also found that with the addition of BHT, both
vitamins A and E are stable, in that there is no significant
correlation between time in storage and titre (Russell et al.,
1986).
The RBP was assayed by the Behring LC-Partigen

Immunodiffusion Plate method from Hoechst Pharma-
ceuticals Ltd., Hounslow, UK. After addition of the serum
to each well on the assay plates, they were left for 48 h at
room temperature before measurement of the diffusion area.

Results

The statistical analyses of the results were by the two-tailed
Student's t test and also by use of a non-parametric ranking
test on a case-control basis (Cuzick, 1985). There were no

significant differences between the plasma concentrations of
vitamin A, RBP and vitamin E in the 30 pre-cancer cases
and the 288 controls by either statistical test. The values of
each of these substances are shown in Table I and in Figures
1, 2 and 3 respectively for the pre-cancer cases, together with

Table I A comparison of the levels of vitamin A
(,ugl-P), RBP (mgl1-), vitamin E (mgl1-) of pre-
cancer and controls. Values are mean+s.d. with

range in parentheses

Pre-Cancers Controls
n=30 n= 288

Age 50.0+7.5 49.8+7.5
(35-61) (34-65)

Vitamin A 549+ 128 553+ 131
(323-780) (219-891)

RBP 46.5+8.7 45.9+8.8
(31.2-63.3) (24.8-72.8)

Vitamin E 6.5 +2.4 6.2+ 2.1
(2.2-11.5) (0.4-19.6)

There is no significant difference between any of
the results in pre-cancer and control groups.
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concentrations on age in the pre-cancer cases were very
similar to those of the controls.
An excellent correlation was found between the serum

vitamin A and RBP concentration in both the pre-cancer
cases and the controls (r=0.91, P<0.0001), and this is in
accordance with the findings of other workers (Smith &
Goodman, 1976; Vahlquist et al., 1978; Goodman, 1984).
From the above results it is clear that measurement of serum
RBP could be used to replace the more cumbersome HPLC
method, in epidemiological studies.

30 40 50
Age

Figure 1 The circles (0) represent the p
solid line is the linear regression (y= 1

P<0.001, df=28); the heavier dotted line is
for the normal controls (y= 150+8.lx,
df=286). The lighter dotted line represeni
ranges.
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60 70 Years Discussion

seaonnot o fln-{h)re-canicr cases,; t1ne Our results have not shown significant relationship

23.1c+8.51x, r=0.5, between serum concentrations of vitamin A, RBP and

the linear regression . . v
r=0.46, P<0.001, vitamiln E, and subsequent development of breast cancer. A

t the 95% reference similar study of ovarian cancer also showed no differences as

regards the two vitamins (Heinonen et al., 1985). The finding
of lower vitamin A values reported in men who develop lung
cancer is supported by experimental work on induced
tracheo-bronchial cancer (Saffiotti et al., 1967; Cone &
Nettesheim, 1973: Genta et al., 1974). However the maioritv
of breast malignancies are adenocarcinomas in contrast to
squamous and oat-cell lesions of the lung and this may

explain the absence of any relationship with the retinoid
environment.
Wald et al. (1984) found low vitamin E values in the pre-

cancer cases whereas we did not, a surprising result because
our subjects were drawn from the same population. It
appears that the earlier results of Wald may have been due
to serum samples from the cancer cases having been frozen
and thawed more often than those from the controls (see
Wald et al., 1988). In the present experiment all frozen
samples were intact and discarded after analysis.
Our study only includes 30 pre-cancer cases so that
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P<0.001, df= 286).
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Figure 3 As for Figure 1; Pre-cancer caw
r= 0.20NS, df= 28); controls (y= 3.95
df= 286).

the regression of concentration on a

reference ranges) for the normal contr(
that there was a significant increase of 1

values with increasing age. A similar t
vitamin E but the statistical analysis v

significance. The regression lines of vi

possibly some caution is needed in accepting the statistically
Lses (y= 18.2 +0.57x, negative findings. However, the ranking test used (Cuzick,
24.9+0.42x, r=0.36, 1985) is specially designed for statistical analysis in

prospective studies where the number of cases is often
limited, and controls are relatively plentiful. Up to 10
controls were used for comparison against each pre-cancer
case in this particular study.
The increase in serum vitamin A concentrations with

advancing age is an interesting finding. Although RBP and
retinol normally circulate in the plasma at a 1:1 ratio, the
turnover rate of the former is double that of vitamin A
(Goodman, 1984). It is therefore possible that there is a
reduction of RBP clearance in older women. Circulating

--Controls RBP and vitamin A are influenced by natural and synthetic
Pre-cancers oestrogens which cause stimulation of hepatic RBP synthesis

(Laurence & Sobel, 1953; Underwood, 1984) but this would
0 not explain our results. Alternatively, the older women in

---- ~ ~~ this study may always have had a higher intake of ,B-
carotene and vitamin E and the observed increases with age
may reflect differences in dietary habits in the younger
women.

60 70 Years Blood concentrations of retinol do not necessarily reflect
tissue levels. Administration of high doses (50,000-

0e044xs r3 +0.16NS, 200,000 IU) daily, resulted in plasma increases of retinyl
*0.044x, s esters but no change in vitamin A values thus suggesting

deep tissue storage (Meyskens et al., 1984). It is possible that
blood levels of vitamin E may not be physiologically relevant
since tissue fat is a major storage site (Kayden, 1983). The
report that vitamin E is effective in the treatment of breast

Lge, (and the 95% dysplasia (London et al., 1981) although not confirmed
ols. It is interesting (Ernster et al., 1985), warrants an investigation of tissue
vitamin A and RBP levels in breast disease which we are now undertaking.
trend occurred with Preliminary results suggest relatively large amounts of
vas short of formal vitamin E, but very little retinol in peritumoral breast fat,
itamin A and RBP both in benign and malignant conditions.
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