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Insulinlike growth factor I (IGF-I) has
been shown to be a potent mitogen for
breast cancer cells in vitro, and IGF-I
receptors have been demonstrated on
human primary breast neoplasms. In a
randomized, placebo-controlled study,
we document that administration of the
antiestrogen tamoxifen to patients with
breast cancer was associated with a
statistically significant (P = .002) re-
duction in the serum level of IGF-1. The
mean IGF-I level was 1.4 U/mL in the
placebo-treated group and 0.9 U/mL in
the tamoxifen-treated group. Because
serum IGF-I level is growth hormone
(GH) dependent and because data sug-
gest that the pubertal surge in GH and
IGF-1 levels is sex steroid dependent, we
speculate that the mechanism underly-
ing our observation may involve block-
ade by tamoxifen of estrogen action in
the hypothalamic-pituitary axis. We
conclude that tamoxifen treatment re-
duces IGF-I levels and that this reduc-
tion may contribute to the therapeutic
effect of the drug.

Insulinlike growth factor I (IGF-I),
also referred to as somatomedin C, is a
70-amino acid mitogen that stimulates
cell proliferation in vitro and in vivo (/).
The IGF-I receptor has been charac-
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terized and is a member of the tyrosine
kinase family of mitogen receptors (2).
Both estrogen receptor-positive and es-
trogen receptor-negative breast cancer
cell lines are responsive to IGF-1 (3-7);
under some assay conditions, IGF-I
appears to be a more potent mitogen
than estradiol (3). IGF-I may have a
physiologic role in lactation (8). Bio-
chemical techniques have been used to
demonstrate that human primary breast
cancer cells exhibit IGF-I receptors
(9-11), and immunohistochemical
studies have localized IGF-I receptors to
ductal epithelia in normal breast and
neoplastic (nonstromal) components of
human primary breast cancers (/2).
However, breast cancer cells appear not
to produce IGF-I by an autocrine mech-
anism (13). Therefore, IGF-1 from endo-
crine or paracrine sources may stimu-
late proliferation of breast cancer.
Consistent with this view are studies
showing inhibition of in vivo (/4) and in
vitro (3-5) proliferation of breast cancer
by an antibody that blocks IGF-I recep-
tors.

Circulating IGF-I levels are depend-
ent on growth hormone (GH), and it has
been demonstrated that IGF-I synthesis
by hepatocytes is stimulated by GH (15).
Recent reports have shown that there are
also widespread extrahepatic sites of
IGF-I production (16,17), but factors
regulating IGF-I gene expression in non-
hepatic tissues are less well charac-
terized. Because specific IGF-binding
proteins are present in serum, the vast
majority of circulating IGF-I is present
in a bound rather than a free state.
Standard assays measure total (bound
and unbound) IGF-I in serum.

The relationships between sex ste-
roids, GH secretion, and IGF-I are com-
plex and incompletely described. Sex
steroids appear to have at least a permis-
sive role for pituitary GH output, which
is a key determinant of IGF-I levels
(18-22). Both stimulatory (23,24) and
inhibitory (25) direct influences of estro-
gens on IGF-I production have been
described.

Tamoxifen is a competitive antagonist
to the estrogen receptor and is com-
monly used in the adjuvant and pallia-
tive treatment of breast cancer. The site
of antineoplastic activity of this drug has
generally been regarded to be the estro-
gen receptor of neoplastic cells. In view
of reports that both GH secretion and
circulating IGF-I levels are dependent
on sex steroids (/8-22), we postulated
that tamoxifen may act to block central
nervous system and/or pituitary estro-
gen receptors (26), thereby reducing
pituitary GH output and circulating
IGF-I levels. To test this hypothesis, we
measured serum IGF-I levels in patients
participating in a clinical trial of tamoxi-
fen versus placebo for treatment of early
breast cancer.

Methods

IGF-I levels were measured in serum
samples obtained at 9 AM from 69
patients. These patients had received for
at least 3 months either tamoxifen or
placebo as adjuvant treatment of stage 1
breast cancer according to the B14 pro-
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tocol of the National Surgical Adjuvant
Breast and Bowel Project (NSABP) (27)
at the Jewish General Hospital,
Montreal.

A nonequilibrium double-antibody
radioimmunoassay, employing recom-
binant human IGF-I (Amgen, Thou-
sand Oaks, Calif) and an anti-IGF-I
antibody provided by the National Insti-
tute of Diabetes and Digestive and Kid-
ney Diseases (Bethesda, Md) was used
(28,29). The reference serum standard
used was from Ciba Corning Diagnos-
tics (Irvine, Calif) and had a value of 228
+ 38 ng/mL (mean £ SD; n = 10) in
terms of synthetic IGF-1. Although there
has been concern over the possibility
that IGF-binding proteins may interfere
with the radioimmunoassay of IGF-I
(30), the potential for interference ap-
pears to depend on the quantity of IGF-
I-binding protein present and on the
assay methodology. In the case of hu-
man serum at the dilutions that we use in
our nonequilibrium assay, we (29) and
others (28,31) have shown an absence of
reactivity of binding protein purified by
the method of Daughaday et al. (30).
Under our assay conditions, we (29) and
others (28,31) have demonstrated that
unextracted sera give the same values as
samples prepurified by acid Sephadex
chromatography.

Investigators who carried out the as-
says were blinded as to patient treat-
ment. They submitted patient-identify-
ing numbers and IGF-1 levels for analysis
by biostatisticians who were aware of the
treatment assignments.

No patient showed metastatic disease.
Inasmuch as an interim analysis of the
entire B14 protocol population carried
out in 1987 had shown an advantage in
relapse-free survival for patients in the
tamoxifen treatment group, all subse-
quent patients received tamoxifen.
Therefore, our random sample of pa-
tients in the B14 protocol comprises 48
tamoxifen-treated patients, but only 21
placebo-treated patients. IGF-I levels
and other parameters in patients ran-
domly allocated to receive tamoxifen
before 1988 did not differ from those of
patients registered to receive tamoxifen
after 1988.

Differences in the mean values of
parameters between patients in the ta-
moxifen and the placebo treatment
groups were evaluated statistically using
a t-test. We assessed possible relation-
ships between IGF-I levels and parame-
ters other than treatment by computing

Table 1. Patient characteristics by treatment group

]
Characteristic .Trunmem group P
Tamoxifen Placebo
No. of patients 48 21 —
% postmenopausal 75.0 61.9 27
Mean age (yr) 56.7 52.9 14
Mean wt (kg) 69.0 64.4 12
Mean body mass index (kg/m?3) 26.8 25.6 42
Mean estrogen receptor levels 109.7 122.9 58
(fmol/dL)
Mean progesterone receptor levels 205.7 240.0 .67
(fmol/dL)
Mean time on study (mo) 27.0 39.6 .003
Mean IGF-I levels (U/mL) 0.9 1.4 .002
R —

pairwise correlation coefficients and by
inspecting stratified data. We performed
stepwise multiple regression modeling
using IGF-1 concentration as the de-
pendent variable to evaluate the rela-
tionship between IGF-I levels and ta-
moxifen treatment, relative to other
possible relationships that might exist
between IGF-I levels and age or body
mass. To preserve the assumption of
normality, we used the log of IGF-I
concentrations in this regression model-
ing.

Results

Table 1 lists selected patient charac-
teristics, including mean weight and
mean body mass index, which have been
related to IGF-I levels in prior studies

(32). As expected with the randomized
study design, the pretreatment variables
did not differ significantly between
groups with the exception of time since
surgery, which was anticipated due to the
fact that all patients entered after the
interim analysis of 1987 received tamox-
ifen.

The IGF-I level (mean * SE) was 1.4
+ 0.15 U/mL for the placebo treatment
group and 0.9 = 0.07 U/mL for the
tamoxifen treatment group. This differ-
ence is highly significant (P = .002).
Figure 1 summarizes the differences
between groups with respect to the
distribution of IGF-I levels. These differ-
ences were marked at both extremes of
IGF-I levels. While less than 5% of
placebo-treated patients had levels lower
than 0.5 U/mL, 16.7% of tamoxifen-

O <oso
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Figure 1. Distribution of serum IGF-I levels among patients with stage I breast cancer receiving tamaxifen (eft)

or placebo (right).
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Table 2. Mean IGF-I levels by treatment and age group

. _ ]
A Tamoxifen-treated patients Placebo-treated patients
Ty " No. of Mean IGF-I levels No. of Mean IGF- levels
patients (U/mL) patients (U/mL)
<50 12 1.06 8 1.48
51-60 12 1.00 9 1.50
=61 24 0.82 4 0.97
Total 48 0.92 21 1.39

treated patients had levels in this range.
Similarly, less than 5% of tamoxifen-
treated patients had levels over 2.0
U/mL, whereas almost a quarter of the
control group did.

Data presented in table 2 demonstrate
a trend toward a decline in the level of
IGF-I with age. This trend is consistent
with the findings of previous studies
(33). For each age group, a reduction in
the level of IGF-I was associated with
tamoxifen usage. Although extremes of
diet have previously been noted to affect
IGF-1 levels (32), we did not observe any
correlation between weight, percent
ideal body weight, or body mass index
and IGF-I level in this group of patients
(data not shown). .

To determine if the difference in IGF-1
levels persists after adjustment for age
and time on study, we performed step-
wise multiple regression modeling using
log IGF-I as the dependent variable. The
results of this modeling showed that
tamoxifen usage was a significant deter-
minant of IGF-I level, even after ad-
justment for these variables, and that
only tamoxifen usage and age were sig-
nificant variables predicting IGF-I levels
(table 3).

Discussion

Tamoxifen is one of the most effective
antineoplastics in use today and is pre-
scribed to millions of women worldwide
for the adjuvant or palliative treatment
of breast cancer. In this randomized,
placebo-controlled study, we demon-
strated that use of this drug was associ-

Table 3. Stepwise multiple regression modeling
of log IGF-I as dependent variable

[ -}
. Regression

Model Variable coefficient P
1 Age —0.009 .002
Treatment —0.145 .020
Time on study —0.001 456
2 Age —0.009 .002
Treatment —0.129 .027

ated with a statistically significant reduc-
tion in the level of serum IGF-I. Our
study was carried out in patients with
stage I estrogen receptor-positive breast
cancer, but there is no reason to suppose
that the effect is confined to this sub-
group of tamoxifen users.

The fact that response to tamoxifen is
correlated with estrogen receptor level of
tumors has been regarded as strong
evidence that the site of tamoxifen action
is at the estrogen receptor of the neoplas-
tic cell, where the drug acts asa competi-
tive antagonist and blocks estrogen-
stimulated proliferation. However, re-
cent reports (/0,11) demonstrate a
strong positive correlation between es-
trogen receptor level and IGF-I receptor
level in primary breast cancers. There-
fore, it is possible that a class of estrogen
receptor-positive, IGF-1 receptor-posi-
tive breast cancers exists that has the
potential to respond to both direct and
indirect (IGF-l-lowering) effects of ta-
moxifen.

Laboratory studies (3-7,14) suggest
that at least a subset of breast cancers is
IGF-I responsive. These results are con-
sistent with the possibility that the IGF-
I-lowering effect of tamoxifen is related
to its therapeutic activity. However, in
vitro dose-response curves relating con-
centration of IGF-I to stimulation of
proliferation of breast cancer cells can-
not be directly extrapolated to in vivo
conditions for a number of reasons,
including differences in concentrations
of IGF-binding proteins. Therefore, fur-
ther work is required to determine if the
observed decline in serum IGF-I level
associated with tamoxifen usage is of
sufficient magnitude to reduce prolifera-
tion of breast cancer cells.

Because the patients in this study were
on an adjuvant-treatment protocol and
had no recurrent disease, we cannot
determine at this time if clinical re-
sponse to tamoxifen is correlated with a
sustained decline in IGF-I. Current
models to explain the clinically impor-
tant phenomenon of development of
tamoxifen resistance following an initial

response to the drug emphasize tumor-
related factors such as selection for estro-
gen receptor-negative clones during neo-
plastic progression. The data presented
here suggest that host-related factors
may also play a role, in that relapse
following initially successful treatment
may be associated with escape from
suppression of IGF-I levels. Further
studies examining serum IGF-I levels
prior to and during tamoxifen therapy
for metastatic disease will be useful in
addressing this issue.

The hypothesis that individuals with
relatively high levels of IGF-I have an
increased risk of developing breast can-
cer and/or a poorer prognosis if they
develop the disease remains speculative
at this time. However, in the context of
data suggesting less aggressive meta-
static behavior of breast cancer in older
women (34), it is of interest that we (table
2) and others (33) have observed that
IGF-1 levels decline with age. While
many host and tumor factors determine
biologic behavior of neoplasms, the hor-
monal milieu of older women, including
their relatively low levels of IGF-I, may
be an important factor here.

A nonrandomized retrospective sur-
vey (35) of IGF-I levels in patients with
breast cancer reported while our study
was in progress is difficult to interpret
with respect to the effect of tamoxifen
because the sample was small and the
study group was heterogeneous with
respect to treatment and breast cancer
stage. However, the results from this
survey are consistent with our findings.

The mechanism by which tamoxifen
lowers IGF-I levels remains unclear. In
view of reports indicating that sex ster-
oids play a role in regulating pituitary
GH secretion, we propose that one
mechanism by which tamoxifen (and
presumably oophorectomy) lowers IGF-
I levels involves a suppression of GH
secretion by the pituitary gland. It is of
interest that a biphasic response of IGF-1
levels to estrogen administration has
been described (/8), with physiologic
levels increasing IGF-I, but pharma-
cologic levels reducing IGF-I. This result
implies that the mechanism of action of
high-dose estrogens in breast cancer
therapy may also involve IGF-1 suppres-
sion. Another possible mechanism of
action of tamoxifen involves attenuation
of a direct stimulatory effect of estrogen
on IGF-l gene transcription (23,24).
Finally, our data are consistent with the
possibility that the reduction in serum
IGF-1 associated with tamoxifen usage is
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secondary to a tamoxifen-induced de-
cline in the levels of various serum IGF-
I-binding proteins that may be influ-
enced by estrogen and/or GH levels
(36,37). The observed reduction in total
serum IGF-I may or may not be associ-
ated with a change in bioactive, free
IGF-1 at IGF-l-responsive tissues, and
further studies to address this issue are
justified.

In view of the pulsatile nature of GH
secretion, assay of single serum samples
does not accurately estimate 24-hour
GH output. To test the hypothesis that
the mechanism underlying the observed
decrease in IGF-1 levels involves a reduc-
tion in pituitary GH output, prospective
studies involving provocative testing and
12-hour GH profiles are planned. Ex-
periments with cultured sheep somato-
tropes support this hypothesis, as in this
system tamoxifen suppresses basal and
GH-releasing factor-stimulated GH re-
lease (Malaab SA, Pollak MN, Goodyer
CG: manuscript submitted for publica-
tion).

The concept that tamoxifen acts as an
antineoplastic simply by acting as a
competitive antagonist at the estrogen
receptor of neoplastic cells appears to be
incomplete. Tissue culture studies indi-
cate that at the level of the neoplastic
cell, the drug acts locally in a complex
manner that involves not only estrogen
receptor blockade, but also alterations
in autocrine production of both stimula-
tory and inhibitory growth factors (38).
Our data indicate that tamoxifen also
has systemic actions that may contribute
to its therapeutic effect. The relative
importance of the systemic and local
actions of tamoxifen with respect to the
therapeutic effect of the drug in vivo
requires further study.

Data concerning the IGF-I respon-
siveness of breast cancers and the IGF-
I-lowering effects of tamoxifen may lead
to the development of new forms of
hormonal therapy more potent than
those currently in use. For example,
more complete suppression of IGF-I
levels might be achieved by combining
IGF-I-lowering drugs such as somato-
statin analogues (39) or GH-releasing
hormone antagonists (40) with tamoxi-
fen, to achieve a “selective medical hypo-
physectomy.” If tamoxifen lowers IGF-1
levels by suppressing GH (itself a lac-
togenic hormone), it may be synergistic
with the prolactin-lowering measures
that have been shown to reduce the
proliferation of human breast cancer
cells (47). Competitive antagonists to

lactogenic hormone receptors (42) and
the IGF-I receptor, currently under de-
velopment, may contribute to pharma-
cologic manipulation of IGF-1.

Our findings may also have relevance
to efforts to improve the effectiveness of
hormonal treatments for neoplasms
other than estrogen receptor-positive
breast cancer (43-48) and to the use of
tamoxifen as a chemopreventative agent
(49,50).

References

(1) SARA VR, HaLL K: Insulin-like growth factors
and their binding proteins. Physiol Rev
70:591-614, 1990

(2) ULLRICH A, GRAY A, TAM AW, ET AL: [nsulin-
like growth factor I receptor primary structure:
Comparison with insulin receptor suggests
structural determinants that define functional
specificity. EMBO J 5:2503-2512, 1986

(3) PoLLak MN, PoLycHRONAKOS C, YOUSEFI S,
ET AL: Characterization of insulin-like growth
factor I (IGF-I) receptors of human breast cancer
cells. Biochem Biophys Res Commun
154:326-331, 1988

(4) RoHLIKQT,ApaMs D, KULLFCJR, ET AL: An
antibody to the receptor for insulin-like growth
factor I inhibits the growth of MCF-7 cells in
tissue culture. Biochem Biophys Res Commun
149:276-281, 1987

(5) ARTEAGA CL, OsBORNE CK: Growth inhibi-
tion of human breast cancer cellsin vitro with an
antibody against the type I somatomedin recep-
tor. Cancer Res 49: 6237-6241, 1989

(6) FURLANETTO R, DECARLO J: Somatomedin-C
receptors and growth effects in human breast
cells maintained in long term tissue culture,
Cancer Res 44:2122-2128, 1984

(7) DE LEon DD, BAKKER B, WiLsoN DM, ET AL:
Demonstration of insulin-like growth factor
(IGF-I and -II) receptors and binding protein in
human breast cancer cell lines. Biochem Bio-
phys Res Commun 152:398—405, 1988

(8) DucLos M, HoUuDEBINE LM, Ds1aNE J: Com-
parison of insulin-like growth factor I and
insulin effects on prolactin-induced lactogenesis
in rabbit mammary gland in vitro. Mol Cell
Endocrinol 65:129-134, 1989

(9) PoLLAK MN, PERDUE JF, MARGOLESE RG, ET
AL: Presence of somatomedin receptors on
primary human breast and colon carcinomas.
Cancer Let 38:223-230, 1987

(10) PEKONEN F, PARTANEN S, MAKINEN T, ET AL:
Receptors for epidermal growth factor and
insulin-like growth factor I and their relation to
steroid receptors in human breast cancer. Can-
cer Res 48:1343-1347, 1988

(11) PEYRAT JP, BONNETERRE J, BEUSCART R, ET
AL: Insulin-like growth factor 1 receptors in
human breast cancer and their relation to
estradiol and progesterone receptors. Cancer
Res 48:6429-6433, 1988

(12) PoLLAR M, TREMBLAY G: Immunocytochemi-
cal localization of insulin-like growth factor 1
receptors in primary human breast cancers.
Breast Cancer Res Treat 14:174, 1989

(13) Yee D, Paik §, LEBovIC GS, ET AL: Analysis of
insulin-like growth factor I gene expression in
malignancy: Evidence for a paracrine role in
human breast cancer. Mol Endocrinol
3:509-517, 1989

(14) ArTEAGA CL, KiTTEN LJ, CoRONADO EB, ET
AL: Blockade of the type I somatomedin recep-
tor inhibits growth of human breast cancer cells

in athymic mice. J Clin Invest 84:1418-1423,
1989

(15) RoBERTs C, BROWN A, GRAHAM D, ET AL:
Growth hormone regulates the abundance of
IGF-I mRNA in adult rat liver. J Biol Chem
261:10025-10028, 1987

(16) HAN VK, D’ErcoLE AJ, Lunp PK: Cellular
localization of somatomedin (insulin-like
growth factor) messenger RNA in the human
fetus. Science 236:193-197, 1987

(17) ScHLECHTER NL, RUSSELL SM, SPENCER EM,
ET AL: Evidence suggesting that the direct
growth-promoting effect of growth hormone on
cartilage in vivo is mediated by local production
of somatomedin. Proc Natl Acad Sci USA
83:7932-7934, 1986

(18) RoseNFIELD RI, FURLANETTO R, Bock D:
Relationship of somatomedin-C concentrations
to pubertal changes. J Pediatr 103:723-728, 1983

(19) Mauras N, BLizzarD RM, REGOL AD: An-
drogen-dependent somatotroph function in a
hypogonadal adolescent male: Evidence for con-
trol of exogenous androgens on growth hormone
release. Metabolism 38:286-289, 1989

(20) RoseNFIELD RL, FURLANETTO R: Physiologic
testosterone or estradiol induction of puberty
increases plasma somatomedin-C. J Pediatr
107:415-417, 1985

(21) CUuTTLER L, VAN VLIET G, COoNTE FA, ET AL:
Somatomedin-C levels in children and adoles-
cents with gonadal dysgenesis: Differences from
age-matched normal females and effect of
chronic estrogen replacement therapy. J Clin
Endocrinol Metab 60:1087-1092, 1985

(22) Liv L, MerrIAM GR, SHERINS RJ: Chronic sex
steroid exposure increases mean plasma growth
hormone concentration and pulse amplitude in
men with isolated hypogonadotropic hypo-
gonadism. J Clin Endocrinol Metab 64:651 656,
1987 ‘

(23) Gray TK, MOHAN S, LINKHART TA, ET AL
Estradiol stimulates in vitro the secretion of
insulin-like growth factors by the clonal osteo-
blastic cell line UMR 106. Biochem Biophys Res
Commun 158:407-412, 1989

(24) NorsTeEDT G, LEVINOVITZ A, ERIKSSON H:
Regulation of uterine insulin-like growth factor 1
mRNA and insulin-like growth factor [l mRNA
by estrogen in the rat. Acta Endocrinol
(Copenh) 120:466-4T72, 1989

(25) MurpHY LJ, FrieseN HG: Differential effects
of estrogen and growth hormone on uterine and
hepatic insulin-like growth factor I gene expres-
sion in the ovariectomized hypophysectomized
rat. Endocrinology 122:325-332, 1988

(26) McEWwEN BS, Davis PG, PARSONS B, ET AL:
The brain as a target for steroid hormone action.
Annu Rev Neurosci 2:65-112, 1979

(27) FisHER B, CoSTANTINO J, REDMOND C, ET AL:
A randomized clinical trial evaluating tamoxifen
in the treatment of patients with node-negative
breast cancer who have estrogen-receptor-posi-
tive tumors. N Engl J Med 320:479-484, 1989

(28) FURLANETTO RW, UNDERWOOD LE, VAN
WYk JJ, ET AL: Estimation of somatomedin-C
levels in normals and patients with pituitary
disease by radioimmunoassay. J Clin Invest
60:648-657, 1977

(29) Guypa HJ, PosNER BI, SCHIFFRIN A, ET AL:
Insulin-like growth factors: Assay methods and
theirimplications. /n Physiological Peptides and
New Trends in Radioimmunoassay (Bizollon C,
Postel-Vinay M, Corvol M, eds). Amsterdam:
Elsevier, 1981, pp 173-187

(30) DaugHADAY WH, KAPADIA M, Mariz [
Serum somatomedin binding proteins: Physio-
logic significance and interference in radio-
ligand assay. J Lab Clin Med 109:355-363, 1987

(31) CostigaN DC, GuYDpA HJ, PosNER BI: Free
insulin-like growth factor I (IGF-1)and IGF-I1in


http://jnci.oxfordjournals.org/
rlim
Rectangle

rlim
Rectangle


human saliva. J Clin Endocrinol Metab
66:1014-1018, 1988

(32) PHiLLips LS, UNTERMAN TG: Somatomedin
activity in dosorders of nutrition and metabol-
ism. Clin Endocrinol Metab 13:145-189, 1984

(33) FRANCHIMONT P, URBAIN-CHOFFRAY D,

" " LAMBELIN P, ET AL: Effects of repetitive admin-

istration of growth hormone-releasing hormone
on growth bormone secretion, insulin-like
growth factor [, and bone metabolism in post-
menopausal women. Acta Endocrinol
(Copenh) 120:121-128, 1989

(34) DE LA MonNTE SM, HuTtcHINS GM, MOORE
GW: Influence of age on metastatic behavior of
breast carcinoma. Hum Pathol 19:529-534, 1988

(35) CoLLETTIRB, ROBERTS JD, DEVLINJT, ET AL:
Effect of tamoxifen on plasma insulin-like
growth factor [ in patients with breast cancer.
Cancer Res 49:1882-1884, 1989

(36) DE LeEoN DD, WiLsoN DM, BAKKER B, ET AL:
Characterization of insulin-like growth factor
binding proteins from human breast cancer
cells. Mol Endocrinol 3:567-574, 1989

(37) Hintz RL: Plasma forms of somatomedin and
the binding protein phenomenon. Clin Endo-
crinol Metab 13:31-42, 1984

(38) LirpmaN ME, DicksoN RB, GELMANNEP, ET
AL: Growth regulatory peptide production by
human breast carcinoma cells. J Steroid Bio-
chem 30:53-61, 1988

(39) PoLLak MN, PoLycHRONAKOS C, GuYDA H:
Somatostatin analogue SMS 201-995 reduces
serum IGF-I levels in patients with neoplasms
potentially dependent on IGF-I. Anticancer
Research 9:889-891, 1989

(40) LuMpPkiN MD, MULRONEY SE, HARAMATI A:
Inhibition of pulsatile growth hormone (GH)
secretion and somatic growth in immature rats
with a synthetic GH-releasing factor antagonist.
Endocrinology 124:1154-1159, 1989

(4]) FENTIMEN IS, BRANE K, CHANDRY MP, ET AL:
Perioperative bromocryptine adjuvant treat-
ment for operable breast cancer. Lancet
1:609-610, 1988

(42) CUNNINGHAM BC, HENNER DJ, WELLS JA:
Engineering human prolactin to bind to the
human growth hormone receptor. Science 247:
1461-1465, 1990

(43) PoLLak MN, PoLYyCHRONAKOS C, RICHARD
M: Insulin-like growth factor I: A potent mito-
gen for human osteogenic sarcoma. J Natl
Cancer Inst 82:301-305, 1990

(44) ScHALLY AV, REDDING TW, Paz-Bouza JI, ET
AL: Current concept for improving treatment of
prostate cancer based on combination of LH-
RH agonists with other agents. Prog Clin Biol
Res 243A:173-197, 1987

(45) ScHALLY AV: Oncological application of soma-
tostatin analogues. Cancer Res 48:6877-6885,
1988

(46) WoNG A, CHAN A, ARTHUR K: Tamoxifen
therapy in unresectable adenocarcinoma of the
pancreas. Cancer Treat Rep 71:749-750, 1987

(47) ProcTER H, SINGH L, BaumM M, ET AL
Response of multicentric desmoid tumours to
tamoxifen. Br J Surg 74:401, 1987

(48) BAUM M: Who needs steroid receptor assays?
Lancet 2:282, 1989

(49) PowLes TJ, TiLLYEAR CR, JONES AL, ET AL:
Prevention of breast cancer with tamoxifen —an
update on the Royal Marsden Hospital pilot
program. Eur J Cancer 26:680—684, 1990

(50) LERNER LJ, JorDAN VC: Development of anti-
estrogens and their use in breast cancer: Eighth
Cain Memorial Award Lecture. Cancer Res
50:4177-4189, 1990


http://jnci.oxfordjournals.org/
rlim
Rectangle

rlim
Rectangle


