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Host Factors and Breast Cancer Growth
Characteristics

David M. Ingram, Anthony Roberts and Elizabeth M. Nottage

The rate of growth and spread of breast cancer varies considerably from patient to patient. An observational
study was undertaken to identify possible associations between breast cancer growth characteristics and a wide
variety of host factors, including demographic, anthropometric, hormonal and dietary variables in 91 patients
with breast cancer. Increasing age was associated with favourable growth characteristics, while previous
tonsillectomy was associated with adverse growth characteristics. There were no significant associations in
anthropometric variables. For postmenopausal women, increasing bioavailability of oestradiol was associated
with favourable growth characteristics, while increasing prolactin concentration was associated with adverse
growth characteristics. Increasing consumption of sugar, fibre, fruit and vegetables and vitamins was associated
with favourable growth characteristics. Consumption of fat (monounsaturated and saturated) was associated
with adverse characteristics when adjustment was made for total energy intake. The host environment may play
a role in the control of breast cancer growth. In particular, the associations with oestrogen and progesterone
receptor status indicate that nutrients may be of value as biological response modifiers in patients having

hormonal therapy. This requires further investigation to assess therapeutic potential.

Eur ¥ Cancer, Vol. 28A, No. 6/7, pp. 1153-1161, 1992,

INTRODUCTION
THE RATE of growth and spread of breast cancer varies consider-
ably from patient to patient. Some patients with apparently early
disease at diagnosis die rapidly from widespread metastases,
while other patients may report a breast lump which has
barely changed over several years, yet biopsy confirms it to be
malignant.

The growth of breast cancer is determined in part by the
genetic make-up of the cell, and in part by a variety of host
factors which may influence the local milieu around the breast
cancer cells. The best-known of these host factors is the oes-
trogen environment, alteration of which by oophorectomy or by
oestrogen receptor competitors may halt tumour growth or
result in regression of the tumour [1].

To explore the possibility that some of the many host variables,
as well as the oestrogen environment, may influence breast
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cancer growth, an observational study was undertaken to identify
possible associations between breast cancer growth character-
istics and a wide variety of host factors. If host factors which
influence breast cancer growth can be identified, modification
of these variables may open new avenues by which tumour
growth can be influenced. Variables studied included demo-
graphic, anthropometric, hormonal and dietary variables in 91
patients with breast cancer.

METHODS

Patients

91 women were identified as having early breast cancer from
the pathology records at the Queen Elizabeth II Medical Centre,
Perth, Western Australia. Each of these women had undergone
surgery for early breast cancer and had consented to take part in
the study. At around 3 months after the operation for their
primary lesion, the women were interviewed at home using a
structured questionnaire, had a morning, mid-luteal blood sam-
ple taken, each completed a food frequency questionnaire in
regard to their dietary habits up to and including the time of the
diagnosis of early breast cancer, and each had measurements of
height, weight and subscapular skinfold thickness taken.
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Demographic data

Data were collected at the interview in regard to date of birth,
obstetric history, previous illnesses and operations, current and
recent past medications including vitamin supplements, alcohol,
caffeine and tobacco consumption, hormonal use including use
of the oral contraceptive pill, and physical activity. Alcohol
consumption was estimated in grams per day; caffeine from
coffee, tea, chocolate and cola drinks was estimated in milligrams
per day; tobacco consumption as the number of cigarettes per
day and an estimate of physical activity based on the number of
hours per week spent in activities of at least a moderate nature.
No women were using the oral contraceptive pill at time of their
diagnosis of breast cancer, and none were taking oestrogen
replacement therapy.

Anthropometric data

At the time of interview, measurements were made of height,
weight and subcapsular skinfold thickness using the same meas-
ure, scales and callipers, respectively. Body mass index was
calculated using the formula: weight divided by the square of
height.

Nutritional consumption

After verbal instruction and demonstration of standard por-
tion sizes, each woman completed a food frequency question-
naire in her own time and returned the completed questionnaire
by post. Returned questionnaires were checked for completeness
and any problems resolved per telephone. The food frequency
questionnaire identified 179 different foods and was scored for
portion size and frequency of consumption. Despite this, in 2
subjects the dietary data were incomplete and so these were
excluded from the dietary analysis. Nutrient intakes were calcu-
lated by the program FREQUAN, developed by the Common-
wealth Scientific and Industrial Research Organisation Division
of Human Nutrition [2]. The program provides a breakdown of
food consumption into nutrients and main food groups (Tables
IV and V). In addition, nutrient consumption was recalculated
after adjustment for total energy consumption [3].

Hormone assays

A single morning fasting mid-luteal (for premenopausal
women) blood sample was collected, the serum promptly separ-
ated and glass phials each containing 1 ml of serum were frozen
and stored at —70°C. The specimens were assayed in batches
for total concentration of oestradiol, progesterone, prolactin and
sex hormone binding globulin (SHBG) by radioimmunoassay
using commercial kits. The non-protein-bound proportion was
determined by rate dialysis [4] and the albumin-bound compon-
ent by the same method after heat treatment of serum at 60°C
for 1 h [5]. Women taking medications known to interfere
with hormone levels, namely tamoxifen and chemotherapeutic
agents, were excluded from the hormonal component of the data
analysis (number excluded = 16). The hormonal variables were
analysed separately for pre- and postmenopausal women in
view of the considerable differences in hormone concentration
between these groups. Where menopausal status was not appar-
ent from history, this was determined on the basis of follicular
stimulating hormone, oestrogen and progesterone concen-
trations. In all except 10 cases, it was not possible to clearly
assign the women to pre- or postmenopausal categories.

Pathological variables
The histopathology slides of each case were reviewed by a
single pathologist (A.R.) and scored for histological grade and

D.M. Ingram et al.

for vessel invasion. The histological grade was based on a 9-
point system, and tumours scoring 8 or 9 were regarded as
poorly differentiated; 6 or 7 as moderately differentiated; and 5
or less, well differentiated. Vascular invasion was scored as
positive if either lymphatic or blood vessel invasion was seen. In
addition, data were extracted from the original pathology reports
with regard to tumour diameter and the number of involved
lymph nodes. 4 patients had only a simple mastectomy and so
no data with regard to lymph node involvement were available,
and in 11 reports the tumour diameter was not accurately
recorded. Finally, oestrogen receptor assay data were available
for 68 tumours and progesterone receptor assay data for 56
tumours, all assays having been performed at the same labora-
tory. Oestrogen and progesterone status was considered to be

naositive if the oestrogen recentor and nrogesterone recentor
positive 1T the ocstrogen receptor and progesterone receptor

content was more than 10 fmol/l of protein, respectively.

Statistical analysis

The data were entered into a personal computer and analysed
using the program EPILOG (Epicentre Software, Pasadena,
California) and SAS (SAS Institute Inc., Cary, North Carolina).
Associations between tumour growth characteristics and the
independent variables were determined by unconditional logistic
regression. Where significant associations were found for inde-
pendent variables, a model was sought by stepwise logistic
regression.

Means were determined for each of the variables and statistical
associations determined by analysis of variance. The means are
displayed in Tables 1-5.

Due to the high correlation between total energy intake and
the specific nutrients, adjustment was made to the nutrients so
that valid comparisons could be made. The approach of Willett
and Stampfer was used [3]. A regression model was fitted with
total energy as the independent variable and the specific nutrients
as the dependent variables, and the data normalised by log
transformation. The adjusted value for the nutrient is deter-
mined from the residuals.

RESULTS
Demographic variables (Table 1)

From our data it is apparent that older women had better-
differentiated tumours which were more likely to be oestrogen
receptor positive. Of the other demographic variables, there
were no other significant associations, although patients who
had a previous tonsillectomy were more likely to have more
poorly differentiated, larger tumours with vascular invasion
than patients not having a previous tonsillectomy (Fig. 1).
Similarly, smoking tended to be associated with adverse charac-
teristics, and physical activity with favourable characteristics;
but these were not statistically significant.

Anthropometric variables (Table 2)

There were no significant associations for any of the anthropo-
metric variables; however, the association between skinfold
thickness and oestrogen receptor status almost reached signifi-

" cance, and in general a reduced skinfold thickness was associated

with favourable characterics.

Hormonal variables (Table 3)

A high total oestradiol concentration was in general associated
with favourable growth characteristics, both for pre- and post-
menopausal groups. For postmenopausal women, significant
associations were also found between the binding of oestradiol
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Fig. 1. The proportion of patients (%) with large (> 2 cm), medium

(1.6-2.0 cm) and small (1.5 cm or less) tumours, comparing women

who had had previous tonsillectomy with those who had not had

previous tonsillectomy. Previous tonsillectomy is associated with an
increased tumour diameter.
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Fig. 2. Plot of mean (S.E.M.) prolactin concentration (nmol/l) for

postmenopausal women by tumour differentiation, vascular invasion

and tumour diameter. High prolactin levels are associated with
adverse tumour growth characteristics.
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(the proportion of non-protein-bound and albumin-bound
oestradiol) and tumour differentiation, vascular invasion and
progesterone receptor status, with higher proportions again
being associated with favourable features. For prolactin, high
concentrations were associated with poor growth characteristics,
especially tumour grade and tumour diameter, again only in the
postmenopausal group of women (Fig. 2).

Nutritional variables (Tables 4, 5)

Associations were demonstrated between a number of nutri-
ents and food groups and tumour growth characteristics.
Specifically, a high sugar consumption, both as actual consump-
tion and after adjustment for total energy consumed, was
associated with improved tumour differentiation, and almost
reached significance for oestrogen receptor status. A high con-
sumption of fibre was associated with improved tumour differen-
tiation, reduced vascular invasion and particularly with oes-
trogen and progesterone receptor positivity. Increased beta-
carotene consumption was associated with an improved tumour
differentiation, less vascular invasion and a positive progesterone
receptor status (Fig. 3); increased consumption of vitamin C
was associated with an improved tumour grade and progesterone
receptor positivity (Fig. 4); and vitamin B¢ consumption was
associated with less vascular invasion and with oestrogen and
progesterone receptor positivity.

Protein consumption, consumption of fats, consumption of
unrefined carbohydrate, consumption of retinol and total energy
intake were not associated with any of the tumour growth
characteristics when estimated for actual consumption. How-
ever, after adjustment for total energy consumption, the associ-
ation with sugar remained, but now there were significant
associations with fat consumption (Fig. 5). An increasing con-
sumption of fat was associated with adverse growth character-
istics, in particular with differentiation, vascular invasion,
tumour diameter and oestrogen receptor status. It was the
saturated and monounsaturated components which contributed
to this.

Of the food groups, only fruit and vegetable consumption had
significant associations, with an increasing consumption being
associated with better-differentiated tumours with less vascular
invasion and oestrogen and progesterone receptor positivity.

Multivariable analysis

After multivariable analysis of variables found to be statisti-
cally significant, or of near statistical significance, on individual
regression, the following variables were fitted to the model for
each of the pathological variables: for tumour differentiation-
beta-carotene consumption, proportion of energy from monoun-
saturated fat; for vascular invasion-previous tonsillectomy, sugar
consumption; for tumour diameter-previous tonsillectomy, con-
sumption of leafy and orange-red vegetables; for lymph node
involvement-no associations; for oestrogen receptor status-fibre
consumption, age; for progesterone receptor status, fibre con-
sumption.

DISCUSSION

In recent years there have been considerable advances made
in our knowledge of the mechanisms for control of tumour cell
growth, particularly in regard to growth factors {1]. The eventual
aim of such research is to develop strategies by which tumour
cell growth may be modified to the benefit of the host. Despite
these advances, there are still knowledge deficiences as to what
extent host factors may influence tumour cell growth, and how
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Fig. 3. Plot of mean (S.E.M.) beta-carotene consumption (pg/day)

by tumour differentiation, and oestrogen and progesterone receptor

status. A high consumption of beta-carotene was associated with
favourable tumour growth characteristics.

much is inherent in the genetic make-up of the cell itself.
Our study sought to add to this knowledge by investigating
associations between a broad range of host factors and breast
cancer growth characteristics.

Discussing each association in turn, the association with age
has been previously described, with older patients having better-
differentiated tumours [6]. The association between previous
tonsillectomy and more aggressive breast cancer growth charac-
teristics has not been previously reported; and there has been
only one report that previous tonsillectomy is a risk factor for
the development of breast cancer [7]. If such an association is
real, then presumably there is an immunological link.

The lack of associations with weight and body mass index
is surprising, although skinfold thickness did appear to be
associated with adverse features. Several reports in the past have
documented that obese women with breast cancer have a poorer
prognosis [8-10], and we have previously reported that obese

D.M. Ingram et al.

women are more likely to have large tumours [11]. This probably
has a hormonal basis and relates to both the reducing binding of
oestradiol to SHBG in obese women, and to the lipocyte as a
site of conversion of precursors to oestrogen.

Oestradiol is transported in the serum either non-protein-
bound (free), loosely bound to albumin or tightly bound to
SHBG. It is believed that the free and albumin-bound pro-
portions represent the available and thus biologically important
components [12]. Significant, but inverse, associations were
demonstrated between the binding of oestradiol and various
growth characteristics in postmenopausal women, i.e. as the
proportion of oestradiol which was non-protein-bound or albu-
min-bound increased, the tumours were better differentiated
with less vascular invasion and a tendency to hormone receptor
positivity. This rather unexpected finding is out of context with
the concept that oestrogens promote breast cancer growth. Prior
to the advent of tamoxifen, however, oestrogens were often
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prescribed for patients with advanced breast cancer with good
effect [13], suggesting they may also have a suppressor role. The
finding of an association between prolactin concentration and
tumour differentiation and tumour diameter for postmenopausal
women, suggests that this hormone promotes tumour growth,
Prolactin antagonists are not widely used in breast cancer
management [14], although in the light of our findings perhaps
these agents should be investigated further.

The finding of an association between consumption of fat and
breast cancer prognostic indicators has been previously reported
[15], as have associations with fibre and carbohydrate consump-
tion [16]. Our study confirms these and provides additional
data. In particular, the numerous associations between vitamins
and tumour growth characteristics and the associations with
fruit and with vegetable consumption have not previously been
reported in humans, and may provide the beginning of a
scientific basis for the use of nutrients as tumour growth
modifiers in breast cancer patients. These findings may also
explain the observation that breast cancer mortality in the
United Kingdom fell dramatically at the start of World War II,
coincident with a marked increase in the consumption of fruit
and vegetables [17]. Perhaps this dietary change altered the rate
of tumour growth, with consequent reduction in mortality?
Similarly, breast tumours in Japanese women are better differen-
tiated, with longer patient survival, an observation which may
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be explained by our findings in relation to associations between
nutrient consumption and growth characteristics [18].

In conclusion, this study has made a number of observations
which need to be followed further. In particular, the nutritional
associations need to be investigated, as there is therapeutic
potential as biological growth modifiers, especially when one
considers the associations of nutrients with oestrogen and pro-
gesterone receptor status. Repeating the study with another set
of breast cancer patients, testing the observations in an animal
model, investigating the relationship of nutritional intake to
tumour growth factors and eventually looking at nutrition in
relation to survival are all avenues which should be explored.
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