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Abstract
Aims—An increased concentration of
insulin-like growth factor 1 (IGF-1) is an
independent risk factor for premenopau-
sal breast cancer. Tamoxifen is thought
initially to reduce concentrations of IGF-1
and increase concentrations of the IGF
binding proteins. The aim of this study
was to compare concentrations of IGF-1,
IGF binding protein 1 (IGF-BP1), and
IGF-BP3 in patients with breast cancer
(n = 14) with those seen in control sub-
jects (n = 23) and to assess the eVect of
tamoxifen on IGF status in these patients.
Methods—Non-fasting blood samples
were collected from patients with breast
cancer before surgery and after nine, 18,
and 27 months of tamoxifen treatment.
The baseline concentrations were com-
pared with those of age and sex matched
healthy control subjects.
Results—IGF-1, IGF-BP3, and IGF-BP1
concentrations were not significantly dif-
ferent in cases and controls. Tamoxifen
treatment significantly increased IGF-
BP1 after 18 and 27 months (baseline:
mean, 21.6 ng/ml; SD, 16.6; 18 months:
mean, 52.0 ng/ml; SD, 41.8; p = 0.019; 27
months: mean, 40.7 ng/ml; SD, 24.9;
p = 0.043) and IGF-BP3 after nine, 18, and
27 months (baseline: mean, 3119 ng/ml;
SD, 507; nine months: mean, 3673 ng/ml;
SD, 476; p = 0.004; 18 months: mean,
3445 ng/ml; SD, 634; p = 0.034; 27 months:
3409 ng/ml; SD, 501; p = 0.043) when com-
pared with baseline values. IGF-1 was not
altered significantly from baseline at any
time point. However, the IGF-1 to IGF-
BP3 ratio was significantly decreased at
both nine and 18 months (baseline: mean,
0.058; SD, 0.014; nine months: mean,
0.039; SD, 0.008; p = 0.033; 18 months:
mean, 0.044; SD, 0.012; p = 0.01). This
ratio was not significantly diVerent from
baseline at 27 months (mean, 0.054; SD,
0.01; p = 0.08).
Conclusions—Tamoxifen increases IGF-
BP3 and IGF-BP1 concentrations. It also
decreases the IGF-1 to IGF-BP3 ratio but
this eVect may be limited after long term
use. Longer follow up, with larger num-
bers of patients, should determine when,
and for how long, tamoxifen can reduce
circulating IGF-1.
(J Clin Pathol: Mol Pathol 2001;54:307–310)
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Breast cancer is the most prevalent cancer in
women in Western populations. The risk of

breast cancer increases greatly with age, and
other established hormone related risk factors
include early menarche, late age at menopause,
and delayed age at first pregnancy.1 Family his-
tory is also important, although established
genetic factors only account for about 5% of
breast cancers in Western populations.2

Insulin-like growth factor 1 (IGF-1) is a
potent mitogen for breast cancer cell lines.3

Increased concentrations of IGF-1 have been
found in patients with breast cancer compared
with healthy controls.4 In addition, healthy
subjects with high IGF-1 concentrations, when
controlled for binding proteins, have been
shown to have an increased risk of breast can-
cer (RR 7.28, highest v lowest quintile).5 It is
now accepted that high concentrations of
IGF-1 are a risk factor for premenopausal
breast cancer.

Tamoxifen, an antioestrogen in use for over
20 years, is the most commonly used agent in
the treatment of hormone responsive breast
cancer.6 Clinical trials have confirmed the ben-
efit of tamoxifen in preventing breast cancer
recurrence and improving disease free sur-
vival.7 8

Apart from its main action via oestrogen
receptors, tamoxifen possesses numerous other
plausible mechanisms for controlling tumour
growth, such as binding to protein kinase C,9

inhibiting ornithine decarboxylase activity,10

and inhibiting angiogenesis.11 Tamoxifen can
act as an antioxidant,12 and can suppress the
production of transforming growth factor á
(TGF-á) and stimulate the production of
TGF-â.13 14

In addition, tamoxifen initially seems to
reduce IGF-1 concentrations15 and increase
concentrations of its binding proteins, but
studies with longitudinal sampling and long
term follow up have yet to be carried out.

The aim of our study was to compare
concentrations of IGF-1 and its binding
proteins in patients with breast cancer with
those found in age and sex matched control
subjects; in addition, we assessed the longitudi-
nal eVect of tamoxifen on IGF status in
patients with breast cancer.

Methods
Non-fasting serum samples were collected
before surgery from patients with stage I–III
invasive breast cancer, both premenopausal
and postmenopausal. Serum samples were col-
lected, again non-fasting, after < 9, < 18, and
< 27 months of tamoxifen treatment at routine
surgical outpatient appointments. The baseline
concentrations were compared with age and
sex matched control subjects recruited from
the general population. In the patients with
breast cancer, no patient showed evidence of
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metastatic disease during the treatment period.
None of the patients suVered from any other
endocrine or malignant disorder during the
treatment period. All patients had been pre-
scribed 20 mg of tamoxifen daily and gave
written informed consent to participate. Our
study was approved by the ethical committee of
the Royal Free and University College London
Medical School.

LABORATORY METHODS

Serum was stored at −80°C until analysis.
Concentrations of IGF-1, IGF binding protein
1 (IGF-BP1), and IGF-BP3 were measured in

serum by means of enzyme linked immuno-
sorbent assay kits purchased from Diagnostics
Systems Laboratories (London, UK).

STATISTICAL METHODS

Owing to the small numbers of subjects
involved, non-parametric tests were used
throughout. The IGF status of patients with
breast cancer compared with healthy controls
was analysed using a Mann Whitney U test.
Analysis of the change in IGF status at particu-
lar time points compared with baseline values
was carried out using Wilcoxon signed rank
tests. Test results were considered to be signifi-
cant when p < 0.05.

Results
The mean (SE) patient age was 51.0 (2.7)
years (range, 38–70).

Concentrations of IGF-1, IGF-BP1 and
IGF-BP3 at baseline did not diVer between
cases and controls (table 1).

The concentrations of the three variables
measured were within the expected range
reported in the literature. IGF-BP1 was
increased significantly after 18 and 27 months
of tamoxifen treatment (fig 1). IGF-BP3 was

Table 1 Baseline concentrations of insulin-like growth
factor 1 (IGF-1), IGF binding protein 1 (IGF-BP1), and
IGF-BP3 in patients and controls

Patients
(n = 14)

Controls
(n = 23) p Value

IGF-1 (ng/ml) 166.6 (42.0) 194.2 (63.4) NS
IGF-BP1 (ng/ml) 21.6 (16.6) 37.9 (46.5) NS
IGF-BP3 (ng/ml) 3119 (507) 3211 (598) NS

Values are mean (SD).
NS, not significant.

Figure 1 EVect of tamoxifen supplementation on
insulin-like growth factor binding protein 1 (IGF-BP1).
Values are median (black line) with interquartile ranges
(boxed area) and minimum–maximum values (bars).
*p < 0.05 for diVerences from baseline; Wilcoxon signed
rank test.
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Figure 2 EVect of tamoxifen supplementation on
insulin-like growth factor binding protein 3 (IGF-BP3).
Values are median (black line) with interquartile ranges
(boxed area) and minimum–maximum values (bars).
* p <0.05 for diVerences from baseline; Wilcoxon signed
rank test.

5000

4000

2000

3000

Months of tamoxifen treatment

IG
F-

B
P

3 
(n

g
/m

l)

18
months

9
months

Baseline 27
months

Figure 3 EVect of tamoxifen supplementation on
insulin-like growth factor 1 (IGF-1). Values are median
(black line) with interquartile ranges (boxed area) and
minimum–maximum values (bars). *p < 0.05 for
diVerences from baseline; Wilcoxon signed rank test.
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Figure 4 EVect of tamoxifen supplementation on the
insulin-like growth factor 1 (IGF-1) to IGF binding
protein 3 (IGF-BP3) ratio. Values are median (black line)
with interquartile ranges (boxed area) and
minimum–maximum values (bars). *p < 0.05 for
diVerences from baseline; Wilcoxon signed rank test.
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significantly increased from baseline at nine,
18, and 27 months (fig 2). IGF-1 was not
decreased significantly (fig 3), but the IGF-1 to
IGF-BP3 ratio, a commonly used measure of
bioavailable IGF-1,5 was significantly de-
creased both at nine and 18 months (fig 4).
The IGF-1 to IGF-BP3 ratio was not signifi-
cantly diVerent from baseline at 27 months.

Discussion
We found that tamoxifen has the ability to
lower bioavailable IGF-1 (calculated as the
IGF-1 to IGF-BP3 ratio) for at least 18
months. Although concentrations of IGF-1
were not reduced significantly, concentrations
of its major binding protein IGF-BP3 in-
creased significantly, thereby reducing the
amount of IGF-1 available. However, this ratio
of IGF-1 to IGF-BP3 was not significantly
reduced from baseline at 27 months, so that the
eVect of longer treatment remains to be
elucidated. Tamoxifen also significantly in-
creased concentrations of IGF-BP1 from base-
line after 18 months of treatment. This increase
has also been seen in other studies.16 17

Our finding of a lack of eVect on IGF-1 con-
centrations is surprising because other studies
have shown a reduction in IGF-1 by
tamoxifen.15 16 This might be the result of the
small numbers of patients in our study group or
population selection. However, another study17

also failed to show an eVect on IGF-1 at a
median follow up of 29 months. These investi-
gators had seen a significant decrease in IGF-1
values after six months of tamoxifen treatment
and their data point to a limited eVect after
long term treatment. Our data also indicate an
initial (although non-significant) reduction in
IGF-1, which is lost as follow up time
increases. This indicates a potentially impor-
tant eVect of duration of treatment on outcome
and highlights the need for further longitudinal
studies with strictly timed follow up periods.

We also found no diVerences between cases
and controls in terms of IGF-1, IGF-BP1, and
IGF-BP3 concentrations. Again, this is surpris-
ing because earlier studies have revealed diVer-
ences in similar groups. A lack of such a finding
may again simply reflect a lack of numbers. We
were unable to divide our subjects into
premenopausal and postmenopausal groups,
again owing to the small sample size, and this
may have been reflected in our results because
IGF-1 values have been shown to be a stronger
predictor of breast cancer risk in premenopau-
sal than in postmenopausal women.5

Our study was not placebo controlled, and
therefore subjects were not randomised to a
treatment regimen; a placebo controlled study
would have distinct design advantages over the
one described here. However, controversies
over the ethical implications of such trials have
been the subject of recent collaborative re-
ports.18 An earlier placebo controlled, long
term study showed a significant reduction in
IGF-1 after a mean follow up of 27 months
(minimum follow up three months) but longi-
tudinal samples were not taken.15 It may be
possible for samples from the ongoing
tamoxifen prevention trials (such as IBIS) to be

used in further research into the eVects of
tamoxifen on the IGF system.19 The samples
used in our study were non-fasting and this
may be important because values may fluctuate
according to nutrient intake.20

Changes in serum concentrations of IGF-1
have been shown to correlate positively with
serum oestradiol concentrations in menstruat-
ing women.21 This agrees with findings that
IGF-1 can vary over the menstrual cycle, with
significantly lower values being found during
the menstrual phase than the follicular and
luteal phases.22 Although other studies found
that IGF-1 concentrations were dependent on
the menstrual cycle phase they considered this
to be a fairly minor variation.23 Our study did
not take into account the eVect of the
menstrual cycle and it may be important to
control for this in future work.

The mechanism by which tamoxifen alters
IGF status has not been fully elucidated. How-
ever, tamoxifen is thought to alter IGF-1 values
by reducing the production of growth hormone
from the pituitary, thereby lowering the
amount of IGF-1 that is produced by the liver
and released into the circulation. It also has
direct action as an antioestrogen on breast can-
cer cells and appears to alter the amount of
IGF-1 and binding proteins released by the
cells themselves.13 15

Conclusion
Patients with breast cancer had similar concen-
trations of IGF-1, IGF-BP1, and IGF-BP3 to
those seen in healthy control subjects in this
pilot study. Tamoxifen can increase IGF-BP1,
IGF-BP3, and reduce the IGF-1 to IGF-BP3
ratio, and these alterations may contribute to
the therapeutic benefits of tamoxifen. The long
term eVects of tamoxifen use on IGF status
remain to be established. Longer follow up
with larger numbers of patients should deter-
mine when, and for how long, tamoxifen can
reduce circulating IGF-1.

This study was funded by Action Against Breast Cancer, regis-
tered charity number 1020967.
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