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ABSTRACT
Breast cancer remains the most common malignancy of women in the world. The majority of tumors contain
nuclear receptors for estrogen (ER) and/or progesterone (PR). For these tumors, estrogen deprivation, using
ovarian function suppression (OFS), drugs which block the synthesis of estrogen, or drugs which interfere with the
effects of estrogen on tumor cells, constitutes the main treatment modality which prolongs survival. Current
guidelines recommend tamoxifen or an aromatase inhibitor (AI) for 5-10 years after local therapy and after
chemotherapy if it is used. No prospective trials reported to date have evaluated any adjuvant hormonal therapy
for longer than 10 years duration or more than 5 years of an adjuvant AI. This review includes discussion of newer
issues in hormonal therapy, including the extended use of hormonal therapy, the interruption of ovarian function
in high-risk young women, the relative efficacy of AIs compared to tamoxifen, the adjuvant use of
bisphosphonates, and the identification of groups of patients who may gain more or less benefit from adjuvant
estrogen deprivation. As understanding of the biology of breast cancer increases, one can expect to see a
corresponding increase in the precision of treatment recommendations for individual patients.
KEYWORDS: breast cancer, hormonal therapy, adjuvant

BACKGROUND
Breast cancer remains the most common malignancy of
women in the world, including the U.S. The majority of
these tumors contain nuclear receptors for estrogen
and/or progesterone, indicating that estrogen plays an
important role in cell growth and differentiation.
Beatson (1) in 1896 showed that removal of the ovaries
led to temporary tumor shrinkage in some young
women with advanced breast cancer. Removal of
ovaries and other procedures and drugs interfering
with estrogen action have been used for palliation in
women with advanced breast cancer since then. The
idea of using adjuvant systemic therapy was advanced
by Dr. Bernard Fisher and his group beginning in the

1960s (2,3). The estrogen receptor was described as
the mechanism for estrogen action by Jensen (4) in
1962.
Tamoxifen, originally developed as a contraceptive,
was found to have antiestrogenic action in 1971 (5). It
was studied extensively in the laboratory by Jordan and
his colleagues (6), then used extensively in the clinic,
first in women with advanced breast cancer, then in the
adjuvant setting. Tamoxifen binds the estrogen
receptor but modulates a different set of genes than
estradiol does, so that it interferes with cell growth.
Side effects of tamoxifen include thromboembolism,
endometrial hyperplasia and endometrial cancer, as
well as vasomotor symptoms. Baum presented the

- 105 -

Cancer Research Frontiers. 2016 Feb; 2(1): 105-111. doi: 10.17980/2016.105

Review

Table: Recent Studies Affecting Adjuvant Hormonal Therapy
Adjuvant

Main Finding

Author(reference)

No benefit from adjuvant hormonal therapy in ER 1Yi (7)
10% +

Adjuvant hormonal
therapy

Oncotype Recurrence score 1-10 in low risk tumors Sparano (14)
99% DFS at 5 years without chemotherapy.
No benefit from chemotherapy for luminal A cancers
Nielsen (24)
Meta-analysis shows AIs 30% more effective than
EBCTCG (15)
tamoxifen

Bisphosphonates

Adjuvant bisphosphonates reduce mortality by 18%.

Ovarian function
suppression (OFS)

Adjuvant OFS may improve survival in some but risks Pagani (27) and Francis
remain to be defined.
(28)

original tamoxifen adjuvant results in 1982 (7), using
the drug for 2 years after local treatment. Based on
prospective studies, the recommended duration of
treatment has now been extended out to 10 years
(8,9). In the 1980's aromatase inhibitors (AIs) were
introduced into the clinic; these drugs bind to the
enzyme aromatase and thus inhibit the synthesis of
estradiol by about 95%. AI side-effects are somewhat
different and include arthralgias (which can be severe),
bone loss, vaginal and perineal dryness, and vasomotor
symptoms. Both groups of drugs are effective, but a
recent overview reveals that AIs are about 30% more
effective than tamoxifen while being taken (10) and
have a similar carry-over effect.
Tamoxifen is effective in women of any age, but may
be poorly tolerated in postmenopausal women and
may cause endometrial cancer in women who are no
longer cycling, so it is used less in postmenopausal
women. AIs are given in a dose which is insufficient to
inhibit ovarian aromatase, so they are effective only in
women with no remaining ovarian function. In
addition, the resulting decrease in estrogen levels leads

EBCTCG (16)

to increased pituitary and hypothalamic activity with
resulting
increased
gonadatropin
levels
in
premenopausal women (11). Determination of
menopausal status can be tricky in women who
experience cessation of menses due to chemotherapy.
About 90% of women who will restart menses do so
within 2 years of the last cycle (12,13). Blood tests such
as FSH may be misleading during this period of time
because they reflect the current status of ovarian
function, but not necessarily the eventual status. In this
group of women, use of tamoxifen for 2-3 years after
the last menstrual cycle is suggested, followed by
changing to an AI only if FSH is elevated after 4 weeks
off of tamoxifen. Questions addressed by recently
reported clinical trials have included longer durations
of AI use and the role of interruption of ovarian
function in addition to current hormonal therapy for
premenopausal women.
Current guidelines issued by the American Society
of Clinical Oncology (ASCO)[14] and by the National
Comprehensive Cancer Center Network version 3,
2015, accessed 10/28/15 (NCCN) for adjuvant
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hormonal therapy call for 10 years of adjuvant
tamoxifen in women who remain premenopausal, and
for a change to an AI for 5 years after 3-5 years of
tamoxifen for those who become postmenopausal
during the early years of treatment. No clinical trial to
date has reported results from more than 10 years of
adjuvant hormonal therapy; the guidelines thus
recommend stopping endocrine therapy at 10 years.
That recommendation is not evidence based; it simply
reflects the lack of evidence available for any hormonal
treatment after 10 years. For perimenopausal women,
the best approach is probably to proceed as described
in the previous paragraph above, that is, to begin with
tamoxifen, with later change to an AI after several
years, only when FSH level becomes elevated after 4
weeks off of tamoxifen. For postmenopausal women,
more choices are included in the guidelines. These
include 10 years of tamoxifen, 5 years of an AI, an AI for
2-3 years followed by tamoxifen through 5 years, or
some period of tamoxifen (usually 3-5 years) followed
by 5 years of an AI. For those who don't tolerate AIs,
tamoxifen may be substituted. No use of more than 5
years of an AI is included because none has been
reported in clinical trials to date; similarly, guidelines
recommend stopping hormonal treatment after 10
years. Interestingly, the original preclinical results by
Jordan et al found that prolonged estrogen deprivation
was most effective (15); it seems likely that clinical
results in human breast cancer may recapitulate this
finding.
Guidelines do not help in deciding about extended
use of adjuvant hormonal therapy after 5 years of
treatment with aromatase inhibitors, because there
are simply no data from clinical trials on this point. It is
likely that, at least for high risk women, many may
benefit from more extended use, but the balance
between benefit and side effects remains unknown at
present. It is likely that both disease control and long
term toxicities will be affected by their use. In nearly
every trial reported to date which compared different
durations of adjuvant hormonal therapy for patients
with breast cancer, longer duration of therapy has been
more effective and the benefit of longer treatment has
far outweighed the risks. This provides no assurance
that studies in progress will report similar findings.
A word about guidelines: guidelines are based on
published evidence from prospective clinical trials.
They do not ordinarily extrapolate, and clinical
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questions not answered by clinical trial results are
generally not included. The trials include some 3% of
women with breast cancer in the U.S (16). These
women are healthier with fewer comorbidities than
those not studied (most likely related to age) (17 ) and
their median age is 49 years (18), in contrast to the
median age of women at the time of diagnosis with
breast cancer, which is now 61 (19). Thus they
represent
best
available
evidencebased
recommendations for treatment. Recommendations
for individual patients should also include allowances
for age, comorbidities, differences in drug tolerance,
and individual patient preferences. Guidelines should
not be misconstrued as being one-size-fits-all.
NEWER ISSUES
1. Groups with no benefit and with 99% benefit
Two subsets of patients have been described whose
characteristics may affect the use of hormonal adjuvant
treatment. The first of these is that of patients whose
tumor is positive for estrogen receptors in 1-9% of cells.
A report by Yi et al (20) in 2014 showed that 2.6% of
their group of 9,639 patients had staining for estrogen
receptors (ER) in 1-9% of cells. This level of staining is
reported as positive using current guidelines (21). Yet
this patient group was younger and had a more
advanced stage of disease. Their survival resembled
that of patients with triple negative disease; it was the
same with or without adjuvant hormonal treatment. A
previous small study from 2012 (22) showed that
patients with ER staining in 1-9% of cells had lower
levels of ESR-1 mRNA, lower ER gene signature scores,
and included only 8% luminal tumors, compared to 50%
in those with higher levels of ER staining. Their survival
was intermediate between the group with 10% or more
cells staining for ER and those with triple negative
disease. It is reasonable to prescribe endocrine therapy
for patients in this group, but wise not to depend on it
as the main treatment modality. Further analysis of
their tumors should certainly be considered and use of
adjuvant chemotherapy should also be considered
strongly, based on this information.
The other special subgroup was recently described
by Sparano et al (23), giving us the first reported results
from the TAILOR-X trial done in the U.S. In that
prospective study of 10,253 eligible patients with
hormone receptor positive, HER-2 negative and axillary
node negative disease enrolled, 1,626 (16% of the
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group) who had Oncotype DX recurrence scores of 0-10
were assigned to receive endocrine therapy alone
without chemotherapy. The rate of distant disease-free
survival at 5 years was 99.3%, and overall survival was
98%. This trial shows conclusively that patients in that
group can be treated with adjuvant endocrine therapy
alone after local treatment, with an expectation of
excellent outcome. . A similar finding was reported
recently at the 2015 San Antonio Breast Cancer
Symposium by Nielsen et al (24). Intrinsic subtyping
was done on tissue microarrays from 709 breast
cancers from the Danish Breast Cancer Group 77B
Randomized Trial. In that trial from the late 1970's,
patients were randomized to receive adjuvant
chemotherapy or to a control arm. Patients with
luminal A cancers had no reduction in invasive
recurrence; hazard ratio was 1.07 (95% confidence
intervals of 0.53-2.14, p = 0.86). Survival at 25 years was
similarly unaffected. Since 99% of patients in the
Sparano trial had tumors that were positive for
estrogen receptors and 98% had tumors positive for
progesterone receptors, nearly all of the patients in the
Sparano trial would be included in this group of
patients.
2. Adjuvant AIs are more effective than tamoxifen
In October of 2015, the Early Cancer Trialists'
Collaborative Group (EBCTCG) reported the results of
their meta-analysis of all published randomized trials
comparing tamoxifen to AIs (10). The strength of this
group's previous analyses is that they have been able
to detect small but clinically important differences in
treatments which were not apparent in previous
smaller individual trials. They found that during
treatment, relapse rates were 30% lower and mortality
was 14% lower when patients were receiving AIs. In the
period after treatment, there was no difference in
recurrence rates. Non-breast cancer mortality rates
were similar. They concluded that 5 years of adjuvant
AI treatment reduces breast cancer mortality by about
40%, compared to the roughly 25% seen with
tamoxifen. Of the deaths observed by 10 years of
followup, more than half in both groups were not due
to breast cancer. This finding will certainly provoke a
reconsideration of the guidelines for adjuvant
hormonal therapy for postmenopausal women. At least
5 years of treatment with an AI is likely to become the
gold standard, with tamoxifen reserved for those who
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do not tolerate AIs. The NSABP B 42 and MA-17R trials
comparing 5 vs. 10 years of adjuvant AI treatment are
awaited with particular interest, given these new
findings. The risk of recurrence persists for at least 15
years after initial treatment, probably longer; it is
highest in the first 5 years after diagnosis, but persists
at a lower annual rate after that time, which is related
to the characteristics of the original tumor. There is no
risk of recurrence so low as to be acceptable to many
patients. This ensures that longer use of hormonal
treatment will continue to be of interest.
3. Adjuvant bisphosphonates increase survival
Given the bone loss which occurs in many women who
take AIs, the report of adjuvant bisphosphonate
treatment reported in the same October 3, 2015 issue
of the Lancet (25) will also be pertinent. The EBCTCG
also reported that adjuvant bisphosphonate treatment
1) appears to be effective only in postmenopausal
women and that 2) in that group, adjuvant
bisphosphonates reduced recurrence by 30%, distant
recurrence by 27%, and breast cancer mortality by 15%.
Since these agents also provide effective treatment for
bone loss and are known to prevent fractures, addition
of adjuvant bisphosphonates may be especially helpful
in postmenopausal women. Remaining issues include
the fact that bisphosphonates are not approved for this
indication in the U.S. and may likely not be covered by
insurance. An early report presented at the 2015 San
Antonio Breast Cancer Symposium (26) suggests a
similar effect from adjuvant denosumab.
4. Adjuvant ovarian function suppression
The last and most contentious new information is the
reports of the SOFT and TEXT trials on the role of
ovarian function suppression (OFS) in women with
early breast cancer who remain premenopausal
(premenopausal estradiol level) after chemotherapy
for early breast cancer or after local treatment in those
for whom tamoxifen alone would be suitable (27,28).
Subjects in the SOFT trial were randomized to
tamoxifen alone, tamoxifen and OFS, or to exemestane
and OFS. Those in the TEXT trial were randomized to
OFS and either tamoxifen or exemestane. Results were
reported at about 5 years of followup. Overall there
was no significant difference in disease free survival
(DFS) among the 3 groups. The TEXT trial, reported
earlier, showed an absolute 4% difference in disease-
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free survival of exemestane/OFS over tamoxifen/OFS.
The later SOFT trial results showed a 2% absolute
difference in disease-free survival favoring
tamoxifen/OFS over tamoxifen alone which was not
significant (p=0.10). Preplanned multivariable analysis,
however, showed a 4% improvement in freedom from
recurrence in those higher risk subjects who had
received chemotherapy, although not in those who did
not. This difference was most striking in women
younger than age 35, where recurrences occurred in
1/3 vs. 1/6 of patents by 5 years. This result will lead to
increased recommendation for OFS in addition to
tamoxifen or exemestane for very young women and
for those at high risk, such as those with multiple
involved axillary nodes.
This results of SOFT and TEXT trials are more
complex than it seems at first glance. The
improvements seen are in recurrence, not in survival,
and are in the same 2-4% range seen with other
improvements in breast cancer treatment. Overall
survival may be a more suitable primary endpoint,
since other subsequent treatment(s) may also affect
survival. A benefit of comparable magnitude might be
expected with an additional 5 years of tamoxifen, or
with an additional 5 years of an AI after completing
tamoxifen for those who have reached menopause by
that time. Treatment after 5 years was not defined in
the SOFT and TEXT trials. Five year survival was slightly
but not significantly lower in the tamoxifen/OFS group,
HR=1.14; 8 year results from the Austrian trial showed
more deaths in those who received anastrazole/OFS
compared to those who received tamoxifen/OFS
(p=0.030)[29]. Longer followup will clearly be needed.
Toxicities in the SOFT and TEXT trial were substantial,
with about 1/3 experiencing grade 3 and 4 toxicities
related to OFS. Early removal of ovaries carries with it
an increased risk of death over time (30, 31),
particularly from cardiovascular disease and from
cancers of lung and bowel (30). Whether the early
reduction in deaths seen in the SOFT trial will hold up
over time, and whether it will be of sufficient size to
counterbalance the associated risk of death from other
causes remain to be seen. The high rate of serious
endocrine related toxicities and depression will make
OFS an unacceptable choice for some women.
Experienced clinicians are well aware that tolerance of
estrogen deprivation or removal of ovaries varies to a
remarkable extent in individual women. Compliance
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with treatment was less than ideal in the SOFT and
TEXT studies; methods to improve tolerance of
endocrine side effects are sorely needed. It will be
interesting to see just how many of the above factors
are incorporated into upcoming guidelines.
FURTHER COMMENTS
Endocrine treatment of early breast cancer continues
to evolve, based on a better scientific understanding of
its short- and long-term effects, and on the results of
multiple ongoing clinical trials. The new information
covered above will help to define more precisely what
may be appropriate treatment for individual patients.
It will also certainly provide questions to be addressed
in further clinical trials.
ABBREVIATIONS
AI,
aromatase inhibitor
ASCO, American Society of Clinical Oncology
DFS, disease-free survival
EBCTSG, Early Breast Cancer Trialists' Collaborative
Group
ER,
estrogen receptor
ESR-1, the gene which encodes the estrogen receptor
protein
FSH, follicle stimulating hormone
mRNA, micro ribose nucleic acid
NSABP, National Surgical Adjuvant Breast and Bowel
Project
NCCN, National Comprehensive Cancer Center
Network
OFS, ovarian function suppression
PR,
progesterone receptor
SOFT, Suppression of Ovarian Function Trial
TEXT, Tamoxifen and Exemestane Trial
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