
Abstract. The benefits of five years of adjuvant endocrine
therapy for oestrogen receptor (ER)-positive early breast
cancer are well established. However, recent evidence
suggests that extended endocrine treatment and ovarian
suppression in selected groups of patients have significant
advantages. In this article, we review the current evidence for
adjuvant endocrine therapy in breast cancer with focus on
extended adjuvant endocrine therapy and ovarian suppression,
and also highlight the advantages and disadvantages of these
therapeutic strategies. A literature search was performed
through PubMed, Medline, and Cochrane using the following
search terms: Endocrine therapy, Tamoxifen, Anastrazole,
Ovarian Suppression, Exemestane, Letrozole and STS
Inhibitors. All available evidence for adjuvant endocrine
therapy was reviewed and summarised to assess the current
guidance and the progress of the management of patients with
ER-positive breast cancer. Extended endocrine therapy should
be tailored according to patient needs dictated by their
individual risk factors, molecular type of breast cancer,
menopausal status, comorbidities, life style and risk of
recurrence. Clinicians ought to discuss with patients the pros
and cons of different adjuvant endocrine therapy approaches
and highlight the potential side effects and toxicity. 

Variation in gene expression patterns within breast cancers
has led to molecular profiling and classification of tumours.

Breast cancer subtypes differ markedly in prognosis and in
the therapeutic targets they express. The intrinsic subtypes
can be categorized as oestrogen receptor (ER)-positive
(Luminal A, Luminal B) and ER-negative (Basal, Her2) (1).
In this paper we focus on ER-positive subtypes.
Luminal A, which account for approximately 40% of

breast cancers are noted to have a good prognosis. They are
strongly oestrogen-positive, progestogen-positive, with very
low rates both of HER2 and proliferation-related gene
expression. Luminal B, which account approximately for
20% of breast cancers, although ER-positive the expression
of these receptors is much lower in comparison to Luminal
A tumours. They also have a higher expression of the
proliferation cluster and more variable HER2 expression.
Ultimately, the prognosis of a patient with Luminal B breast
cancers is worse than those with Luminal A cancers with an
associated higher recurrence rate (1).
Many breast cancer patients are not offered adjuvant

chemotherapy due to favourable clinical and pathological
indicators or due to comorbidities. It is widely practiced that
patients with ER-positive breast cancer are treated with 5 years
of adjuvant endocrine therapy, with Tamoxifen or an aromatase
inhibitor (AI) (2, 3). The 5-year disease-free survival (DFS)
rates are increased whilst recurrence and breast cancer
mortality rates have been reported in various studies to be
significantly reduced with 5 years of Tamoxifen treatment (4).
Sixty to seventy percent of breast cancer patients are found to
be ER-positive and despite the proven benefits of adjuvant
endocrine therapy, 66% of deaths and 50% of breast cancer
relapses occur after the initial 5 years post-operative period
having stopped Tamoxifen (3, 5-7). More recent evidence is
emerging, which implies that ER-positive breast cancer is a
chronic relapsing disease that may remain silent for many years
(3). The high rate of late relapse was the basis of many recently
reported studies examining the value of extended endocrine
therapy in hormone receptor-positive breast cancer. 
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In this article, we review the current evidence for
adjuvant endocrine therapy in ER-positive breast cancer
with a focus on extended adjuvant endocrine therapy and
combining endocrine therapy with ovarian suppression,
highlighting the advantages and disadvantages of these
therapeutic strategies. 

Evidence for Five Years Endocrine Therapy

In the adjuvant setting, Tamoxifen is well established
treatment for women with hormone-sensitive disease.
Tamoxifen is proven to have substantial disease-free and
overall survival (OS) benefits. It can reduce rates of contra-
lateral breast cancer (8, 9). The initial trials demonstrating
the benefits of using Tamoxifen were NATO (10), CRC (11)
and NSABP B-14 (12) (Table I). Furthermore, the continuing
Early Breast Cancer Trialists’ Collaborative Group
(EBCTCG) overviews have provided definitive confirmation
of the value of Tamoxifen, confirming the odds of recurrence
and death were reduced by 47% and 26%, respectively, after
about 5 years of treatment (13-15).
The Oxford Overview reviewed women with a 15 year

follow up of ER-positive breast cancer treated with
Tamoxifen. In a meta-analysis of multiple trials they
demonstrated a 13% reduction in breast cancer recurrence
and 9% reduction in breast cancer mortality with a 38%
reduction in contra-lateral breast cancer over 15 years,
compared to patients that did not receive tamoxifen (6). 
The ATAC trial (Tables II, III), in 2002 provided evidence

supporting the use of Anastrazole, an AI, in postmenopausal
women with early hormone-positive breast cancer when
compared to Tamoxifen. Anastrazole treatment was
associated with a 26% risk reduction of time to recurrence,
a reduction in contra-lateral breast cancer and improved DFS
compared to Tamoxifen, despite a similar OS to Tamoxifen
(14, 16, 17). Moreover, combination therapy was found to
be equivalent to Tamoxifen alone and inferior to Anastrazole
(14, 16, 17). The trial results also suggested that there might
be a carry-over effect beyond 5 years, similar to that of
Tamoxifen, however, further evidence is required to support
this conclusion (14, 16, 17).
In 2009, the BIG 1-98 Collaborative Group (Tables II, III)

recruited 8010 patients between 1998-2003 in a randomized
double blind, phase III trial comparing Tamoxifen to the AI
Letrozole in ER-positive postmenopausal women with early
breast cancer. (18) They compared 5 years of monotherapy
(Tamoxifen vs. Letrozole), or sequences (2 years Tamoxifen
switching to Letrozole or vice versa). In 2005, the group
reported that DFS was significantly greater in the Letrozole
group than in the Tamoxifen group (Hazard ratio [HR] 0.81;
95% confidence interval [CI], 0.70 to 0.93; p=0.003),
especially the risk of distant recurrence (HR, 0.73; 95 % CI,
0.60 to 0.88; p=0.001). Consequently, they identified a

survival benefit in those patients switching from Tamoxifen
to Letrozole vs. Tamoxifen monotherapy (19). This
observation led the Monitoring Committee and the Study
Collaborative to unblind the patients currently taking
Tamoxifen and sanction crossover to Letrozole at the
patient’s choice. Twenty five percent of patients chose to
cross over from Tamoxifen to either the extended or adjuvant
Letrozole group (19). At 5 years the group had demonstrated
a statistically significant reduction in 5 year distant disease
recurrence (89.7% Tamoxifen vs. 92.4% Letrozole HR 0.8
[95% CI 0.67-0.94]) and DFS (82.1% Tamoxifen vs. 85.6%
for Letrozole HR 0.83 [95% CI 0.74-0.94]). The difference
in OS between monotherapy treatment (Tamoxifen vs.
Letrozole) was not statistically significant (90.9% Tamoxifen
vs. 91.8% Letrozole HR 0.82 [95% CI 0.7-0.95]) but this
could be due to the crossover in treatment following the
unblinding (18, 19).
Switching from Tamoxifen to Letrozole after 2-3 years

statistically significantly reduced the risk of local recurrence
(29%), distant recurrence (23%), and death (21%). Thus, the
patients who crossed over following the unblinding received
the most effective treatment (19) (Tables II, III, IV).
However, neither switching Letrozole to Tamoxifen or vice
versa were found to be superior compared to the DFS rates
identified in the Letrozole monotherapy group (18).
The BIG 1-98 study concluded that post-menopausal

women with early ER-positive breast cancer should
undertake an AI as their adjuvant endocrine therapy either as
monotherapy or switching from Tamoxifen (18). Both the
ATAC trial and the BIG 1-98 trial found similar hazard ratios
for DFS. In subgroup analyses of the ATAC trial, the benefit
of Anastrazole was seen predominantly in patients who had
not received adjuvant chemotherapy and those with node-
negative disease, whereas in the BIG 1-98 trial, the greatest
benefit of Letrozole was in patients who had received
chemotherapy and in those with node-positive disease (14,
19) (Table III).
Following the introduction of third generation AI (Tables

III, IV), trials began to look at switching from Tamoxifen to
an AI suggesting a reduction in recurrence rates and
increased DFS (7). Another study is the Intergroup
Exemestane Study (IES), which included 4,724
postmenopausal patients with early-stage breast cancer and
demonstrated clinically important benefits from switching
adjuvant therapy after 2-3 years of Tamoxifen to
Exemestane. OS improvement was demonstrated, with 352
deaths in the Exemestane group versus 405 deaths in the
Tamoxifen group. Risk of relapse or death was maintained
for at least 5 years after treatment and was associated with a
continuing beneficial impact on OS when switching to
Exemestane compared with continuing on Tamoxifen (20).
ABCSG trial and ARNO 95 combined to determine whether
patients benefited from either 2 years or 5 years Tamoxifen
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then switching to an AI (Anastrazole) (7) (Tables III, IV).
They concluded switching at 2 years to an AI resulted in
decreased recurrence rates in postmenopausal women. The
hypothesis behind this was either Tamoxifen resistance or AI
were more potent in reducing peripheral oestrogen
concentrations (7).

The Role of Ovarian Function Suppression 
in Adjuvant Treatment

Ovarian function suppression (OFS) (Table V), as a form of
treatment for breast cancer was first reported in 1896 in
Scotland, where a surgeon demonstrated that a patient having
undergone an oophorectomy reduced the size of her breast

cancer (21). A meta-analysis performed by the Early Breast
Cancer Trialists Collaborative Group (EBCTCG) in 1995
concluded that trials prior to the 1980s did suggest a reduced
relapse rate and increased survival in women aged under 50
using ovarian function suppression (2). This benefit was
noted to be sustained for up to 15 years (2). OFS is achieved
either through surgery or chemically through the
administration of gonadotrophin-hormone (GNRH) agonists.
Four further trials were performed, all failed to demonstrate
a significant advantage of OFS (ABCSG-12 (22), IBCSG 11-
93 (23), INT0101 (24, 25), Zipp(26)) (Table V).
The ABSCG-12 Trial examined the effect of adding

Zolendronic acid, a bisphosphonate that acts by slowing
down bone resorption, to a combination of either Goserelin
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Table I. Evidence for Tamoxifen.

Year                    Study                                                                                                         Median                                          Outcomes
                                                                                                                                            follow-up

1988               NATO (10)                      1285 women randomized 10 mg bd                      5.6 y                           36% Reduction in risk of event
                                                               2 y vs. no treatment                                                                                    29% reduction in risk of death
1998            CRC Adjuvant                  2230 women randomized to                                                           Effects of adjuvant Tamoxifen were similar 
                  Breast Trial (11)                  - Tamoxifen & Cyclophosphamide                                                        to those of adjuvant chemotherapy, 
                                                               - Cyclophosphamide 6 days post op iv                                                 especially if tumour is ER-positive.
                                                               - Tamoxifen 2 y 10 mg bd                                                                  Excellent compliance, min side effects
                                                               - No therapy
1998         NSABP B -14 (15)                2644 women node-neg, ER-pos breast                  15 y                                      RFS 78% vs. 65%
                                                               cancer randomized to                                                                                            OS 71% vs. 65%
                                                               - Tamoxifen 10 mg bd                                                                    Women aged <50 & >60 significant benefit,
                                                               - Placebo                                                                                            50-59 no diff in OS but still improvement 
                                                                                                                                                                                       in recurrence free survival.

Bd, Twice daily; Diff, difference; ER, oestrogen receptor; Neg, negative; Pos, positive; Y, year; RFS, recurrence free survival, OS, overall survival.

Table II. Evidence for AI Monotherapy

Study                       Patients                       Detail                          Follow-up                                                            Outcome

ATAC (14)                 9366                   Double blind                          5 y                          -AI improved DFS with AI 89.4%, reduced incidence of 
                                                            AI then Tam vs.                (120 months)               contralateral breast cancer, sig reduction in recurrence rates, 
                                                               Tam then AI                                                                                                  HR 0.81
                                                                                                                                                                   -26% risk reduction with an AI
                                                                                                                                                      -Combination no different to Tamoxifen alone
BIG 1-98 (3,18)         8010                     -Letrozole                          8.1 y                                               DFS improved with Letrozole.
                                                                     -Tam                                                                     Switching to Letrozole better DFS than Tam alone.
                                                        -Letrozole then Tam                                                                          (Unblinded part way through)
                                                        -Tam then Letrozole
TEAM (38)                9775     -Upfront Tam vs. Exemestane          2.75 y                              Improved DFS with Exemestane, no diff between 
                                               -Sequential Tam to Exemestane        2.75 y                            Exemestane alone or when switched to Exemestane
                                                         -Exemestane alone                      5 y                                                                         

AI, Aromatase inhibitor; DFS, disease-free survival; Diff, difference; HR, hazard ratio; Tam, Tamoxifen; TTDR, time to distant recurrence; Y, year.



and Tamoxifen or Goserelin and Anastrozole in
premenopausal women with endocrine-responsive early
breast cancer for 3 years. After a median follow-up of 47.8
months there was no significant difference in DFS between
the Anastrozole and Tamoxifen groups (HR for disease
progression in the Anastrozole group, 1.10; 95% CI 0.78 to
1.53; p=0.59) (22).
The INT0101 trial included a comparison of

chemotherapy alone vs. chemotherapy followed by 5 years
of Goserelin vs. chemotherapy followed by 5 years of
Goserelin plus Tamoxifen. The study demonstrated a greater
benefit with the combined therapy following chemotherapy
with a statistically significant improvement in DFS, but not
OS (24, 25).

Similarly, the Zipp trial compared Goserelin (‘Zoladex’)
vs. Tamoxifen vs. combination treatment, however failed to
demonstrate a significant difference between the treatment
modalities (26). 
In 2003, International Breast Cancer Study Group

(IBCSG) with the collaboration of the Breast International
Group (BIG) and The North American Breast cancer Group
initiated the SOFT & TEXT trials (27). In the SOFT trial,
ovarian function suppression in premenopausal women with
ER-positive breast cancer was examined to determine if the
treatment combination with AI has any DFS benefits over
Tamoxifen alone or Tamoxifen with OFS (20, 28). OFS was
determined by patient choice between Triptorelin (a GNRH
agonist) administration, oophorectomy, or ovarian irradiation
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Table III. Trial Outcomes for AI.

Study                           Tx Arms              DFS HR (CI)                   TTR HR (CI)            TTDR/DRFI/DRFS/         BCFI/BCFS              OS HR (CI)
                                                                                                                                                 DDFS HR (CI)                HR (CI)

Mono-therapy                                                                                                                                                                                                            
ATAC (14)                A vs. T vs.          0.91 (0.83-0.99)              0.84 (0.75-0.93)             0.87 (0.77-0.99)                   n/a                  0.97 (0.88-1.08) 
                                       T&A                      p=0.04                             p=0.001                           p=0.03                                                       p=0.6 ER+ 
                                                          ER+ 0.86 (0.78-0.95)     ER+ 0.79 (0.70-0.89)    ER+ 0.85 (0.73-0.98)                                      0.95 (0.84-1.06) 
                                                                     p=0.003                          p=0.0002                          p=0.02                                                           p=0.4
BIG 1-98 (3, 18)          L vs. T             0.53 (0.78-0.96)                         n/a                       0.86 (0.74-0.998)       0.86 (0.76-0.98)      0.87 (0.77-0.999) 
                                                                     p=0.007                                                                    p=0.047                       p=0.03                     p=0.048
TEAM (38)                  Upfront            0.89 (0.77-1.03)                         n/a                                   n/a                               n/a                             n/a
                                     E vs. T                     p=0.12

Sequential                                                                                                                                                                                                                   
IES (52)                        T to E             0.81 (0.72-0.91)                         n/a                        0.84 (0.73-0.97)        0.81 (0.71-0.92)       0.53 (0.75-0.99) 
                                       vs. T                      p<0.001                                                                     p=0.01                       p<0.001                     p<0.04
ARNO (7, 53)               T to A               0.66 (0.44-1.0)                           n/a                                   n/a                               n/a                  0.53 (0.28-0.99) 
                                       vs. T                                                                                                                                                                            p=0.045
ABCSG Trial               T to A            0.91 (0.75-1.103)            0.8 (0.631-1.013)            0.78 (0.60-0.99)                   n/a                  0.87 (0.64-1.16) 
8 (7, 54)                         vs. T                       p=0.33                              p=0.06                           p=0.046                                                         p=0.33
ITA (55)                        T to A                        n/a                          0.64 (0.44-0.94)                        n/a                    0.72 (0.44-1.17)       0.79 (0.52-1.21) 
                                       vs. T                                                                p=0.02                                                                 p=0.2                        p=0.3
BIG 1-98 (3, 18)           L to T              1.06 (0.91-1.23)                        N/A                       1.14 (0.92-1.42)        1.10 (0.91-1.32)       0.97 (0.80-1.19) 
                                         vs.                        p=0.48                                                                      p=0.24                        p=0.34                      p=0.79
                                      T to L              1.07 (0.92-1.25)                                                      1.23 (0.99-1.53)        1.16 (0.96-1.40)       1.10 (0.90-1.33) 
                                                                      p=0.36                                                                      p=0.06                        p=0.12                      p=0.36
TEAM (38)                    E vs.              1.06 (0.91-1.24)              1.06 (0.88-1.28)                        n/a                               n/a                   1.0 (0.89-1.14) 
                                      T to E                     p=0.42                              p=0.53                                                                                                  p>0.99

Extended                                                                                                                                                                                                                    
MA-17 (5, 56)               L vs.              0.68 (0.56-0.83)                         n/a                        0.81 (0.63-1.04)                   n/a                  0.99 (0.79-1.24) 
                                     Placebo                   p<0.001                                                                     p=0.09                                                          p=0.83
ABCSG Trial                A vs.                         n/a                          0.62(0.40- 0.96)             0.53 (0.29-0.96)                   n/a                  0.89 (0.59-1.34) 
6 (40)                             no Tx                                                              p=0.031                          p=0.034                                                         p=0.57
NSABP –                       E vs.                  0.68 p=0.07                    0.44, p=0.004                          n/a                               n/a                             n/a
33 (41)                         Placebo

A, Anastrozole; AI, aromatase inhibitor; BCFI, breast cancer-free interval; BCFS, breast cancer-free survival; CI, confidence interval (all 95%);
DDFS, distant disease-free survival; DFS, disease-free survival; DRFI, distant relapse-free interval; DRFS, distant relapse-free survival; E,
Exemestane; HR, hazard ratio; L, Letrozole; OS, overall survival; T, Tamoxifen; Tx, treatment; TTR, time to recurrence; TTDR, time to distant
relapse.



(27). Patients in SOFT who underwent neoadjuvant or
adjuvant chemotherapy were randomised, once a
premenstrual level of oestradiol was confirmed, within 8
months after completion of chemotherapy. In the TEXT trial,
Triptorelin was used for chemical ovarian suppression. If
chemotherapy was indicated, it was given in combination
with Triptorelin and then, endocrine therapy was
administered after the completion of chemotherapy. Patients
were randomised to receive Tamoxifen and Triptorelin vs.
Exemestane and Triptorelin. Patients that were not indicated
to receive chemotherapy, commenced endocrine therapy 6-8
weeks post initiation of Triptorelin, in order to enable a time
interval for ovarian oestrogen to decline.
Combining the two trials, there were analysed 4690

patients of whom 42.6% did not receive chemotherapy,
57.4% received chemotherapy after randomisation in the
TEXT trial and 23.2% received chemotherapy pre
randomisation in the SOFT group (27).
After a median follow up of 68 months, DFS was

observed to be significantly higher in the Exemestane and
OFS group compared to the Tamoxifen and OFS group
91.1% vs. 87.3%. Freedom from recurrence was reported as
92.8% with Exemestane and OFS vs. 88.8% in the
Tamoxifen and OFS group. Despite this statistically

significant difference in DFS and recurrence rates, there was
no difference in OS between the two groups (27).
Concerning patients who did not require chemotherapy,

possibly due to better prognostic factors such as node
negative, grade 1 small tumours, 97.6% and 97.5% of them
remained disease-free at year 5 in TEXT and SOFT,
respectively. This may suggest that there is a group of women
that have an excellent prognosis benefiting from highly
effective adjuvant endocrine therapy alone with no added
benefit from OFS (21, 28). It is noted that the median age of
this group was 46 (closer to menopausal age) (20).
Interestingly, the addition of OFS in patients under Tamoxifen
therapy was associated with reduction in recurrence rates,
14.5% in patients not receiving chemotherapy and 15.9% in
patients that had chemotherapy (27).
It is noteworthy to highlight that within this study a subset

of patients who were aged less than 35 and had
chemotherapy, showed better outcomes after treatment with
Exemestane plus ovarian suppression (21). The 5-year breast
cancer-free rates were 83.4% with Exemestane and OFS vs.
78.9% Tamoxifen and OFS vs. 67.7% Tamoxifen alone. This
corresponded to a 5-year breast cancer recurrence of 1 in 6
women having an AI and OFS compared to 1 in 3 women
taking Tamoxifen only (21) (Table VI).
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Table IV. Trials for sequential AI therapy.

Study                                             Patients                                    Detail                                     Follow up                                       Outcome

IES (52)                                           4724                     -Tam 2y to Exemestane 3y                    91 months                           -Switch improved DFS 
                                                                                                     -Tam 5y
ARNO 95 (7, 53)                             979                          -Tam 2y to earsabears                      30.1 months                          -Switch improved DFS
                                                                                                     -Tam 5y
ABCSG Trial 8 (7)                         3714                                    -Tam 5y                                   60 months                    -Switch Improved DFS & RFS,  
                                                                                      -Tam 2y to Anastrazole 3y                                                                     -Superior to Tam
ITA (55)                                            448                    -Tam 2-3y to Anastrazole 5y                 128 months                    -Switch improved DFS & RFS
                                                                                                     -Tam 5y                                                                                    -Superior to Tam
BIG 1-98 (3, 18)                             8010                                -Letrozole 5y                                   8.1 y                       -No difference between switching 
                                                                                                     -Tam 5y                                                                                  and Letrozole alone
                                                                                       -Letrozole to Tamoxifen                                                                        -superior to Tam
                                                                                       -Tamoxifen to Letrozole
TEAM (38)                                      9779                                 -Exemestane                                    5.1 y                                     -Improved DFS, 
                                                                                                  -Tamoxifen                                                                      -No sig diff between switching 
                                                                                           -Tam to exemestane                                                                      and Exemestane alone, 
                                                                                                                                                                                                      -Superior to Tam. 
MA-17 (5, 56)                                 5187                               4-6y Tam then                              64 months                                  Improved DFS
                                                                                                   -Letrozole
                                                                                                    -placebo
ABCSG Trial 6a (40)                      856                                      5y Tam                                  62.3 months                                 Improved RFS
                                                                                              -Anastrozole 3y
                                                                                          -no further treatment
NSABP -33 (41)                             1598                       5y Tam -Exemestane 5y                      30 months                                  Improved DFS
                                                                                                  vs. placebo

DFS, Disease-free survival; RFS, recurrence-free survival; Tam, Tamoxifen; Y, years.



A second subset of patients that was also identified as
benefiting from AI and OFS treatment, were the patients that
received chemotherapy but remained pre-menopausal. The
median age within this group was 40 years (20). The 5-year
breast cancer-free rate for an AI & OFS was 85.7%
compared to 82.5% with Tamoxifen and OFS vs. 78% for
patients only on Tamoxifen. Therefore, there was a 35%
relative risk reduction in cancer recurrence with an AI plus
OFS therapy compared to Tamoxifen alone, and a 22%
relative risk reduction of cancer recurrence for Tamoxifen
plus OFS vs. Tamoxifen alone (21).
Interestingly, patients with HER2-positive tumours

appeared to gain no benefit from OFS and AI compared to
Tamoxifen and OFS (28). This might again direct treatment
towards Tamoxifen for this specific subgroup of patients,
though further trials are necessary (28, 29). 
ASCO published new guidelines in 2016 for OFS therapy.

They produced an evidence-based recommendation, according
to which high risk ER-positive pre-menopausal women should

undergo OFS in addition to standard adjuvant treatment, but
low risk patients would not benefit. High risk patients were
defined as women with stage II or stage III breast cancer, who
would ordinarily be recommended to receive adjuvant
chemotherapy and women with stage I or II breast cancers that
would be considered for chemotherapy. Five-year treatment
was advised on the basis that all trials analysed had a 5-year
duration with no other comparable data. ASCO stated that
there is no role for OFS in ER-negative tumours and that
either an AI or tamoxifen is recommended as the adjuvant
endocrine therapy to be used alongside OFS (30).

Evidence for Extended Endocrine therapy 

The rationale for extended endocrine therapy beyond 5 years
is due to hormone-positive breast cancer recurrence risk
continuing indefinitely. Although detectable breast cancer
can be removed surgically, there might be present
undetectable microdeposits that after many years could
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Table V. The role of ovarian suppression.

Year                   Author                              Study                                                                      Outcome                                                         Evidence

1882               Nunn (57)                       Case study                                   Breast cancer regression once postmenopausal                           Level V 
                                                                                                                                                                                                                         Case study
1889          Schinzinger (58)                     Review                                Oophorectomy for advanced disease and prophylaxis                     Level V 
                                                                                                                                                                                                                    Proposed theory 
1896             Beatson (58)                     Case Study                                          Oophorectomy in a metastatic patient                                 Level V
                                                                                                                                possibly in luteal phase of cycle                                    Case study
1897                Boyd (58)                       Case Series                                   Oophorectomy for adjuvant treatment 5 cases                           Level IV
1952             Huggins (59)                     Case Study                                           Adrenalectomy for mammary cancer                                   Level V
1959             Paterson (60)               Randomised Trial                 A randomized trial for ovarian ablation in early breast cancer              Level II
1996                EBCTCG                     MetaAnalysis                             12 randomised trials, 3456 women, OFS or OA vs.                       Level I
                      (13, 60, 61)                                                                       control. OA alone reduces recurrence and increases 
                                                                                                           survival for node positive and negative women aged <50.
                                                                                                                                 15 y survival 52.4% vs. 46.1%
                                                                                                                                         6.3/100 fewer deaths
                                                                                                                    OA equivalent to either chemotherapy or Tam
2005            INT 0101 (25)          Randomised Trial (US)                         1503 premenopausal women: --chemotherapy                            Level I
                                                                                                                                              -Goserelin 5 y
                                                                                                                                           -Goserelin & Tam
                                                                                                                               Improvement in DFS but not OS
2006                ZIPP (26)                Observational study                                                       2706 women,                                                   Level II-III
                                                                                                               -Tam vs. Goserelin vs. Tam and Goserelin combined
                                                                                                                Goserilin provided significant benefit of event-free 
                                                                                                                        survival after median follow up 5.5 years
2009         ABSCG – 12 (22)      Randomized Controlled                Anastrozole vs. Tam with and without Zolendronic acid                    Level I
                                                          Multicentre Trial                                         No benefit between the two arms
2015               SOFT (27)                     Phase 3 RCT                                Tam alone vs. Tam & OS vs. Exemestane & OS                          Level I
                                                                                                                      No diff between Tam and OS vs. Tam alone
2015               TEXT (27)                     Phase 3 RCT                                         Tam & OFS vs. Exemestane & OFS                                    Level I
                                                                                                                                  DFS Exemestane &OFS 91%
                                                                                                                                      Superior to Tam & OFS

OA, Ovarian ablation; DFS, disease-free survival; OS, overall survival; Tam, Tamoxifen; OFS, ovarian function suppression.



develop into clinically-apparent disease i.e. recurrence. This
may in time lead to reduced OS in some cases (31).
Initial studies assessing the extended use of Tamoxifen

were the ECOG (32), Scottish Trial (33), and NSABP B-14
(34). In total, 1,588 patients were included, but there was not
observed any advantage of 10 years over the 5 years of
Tamoxifen treatment period. According to this, it was
suggested that the extended use if Tamoxifen increased the
occurrence of side effects with no concomitant therapeutic
advantage (7, 34).
The NSABP B-14 was the first study to assess the benefit

of continuing adjuvant Tamoxifen beyond 5 years. The study
included 1152 ER-positive breast cancer patients, who,
following completion of Tamoxifen, were randomised to a
further 5-year vs. no further treatment. The trial however was
closed prematurely in the first interim with no benefit noted
from extended treatment. The DFS at 4 years was 92%

compared to 86% in the 10 years arm and the reason was
attributed to the agonistic action of Tamoxifen (34). 
More recently, The ATLAS study (Tables III, VII),

confirmed that there was a benefit to patients receiving 10
years of Tamoxifen (35). In this study, 12894 women from
36 countries were enrolled, who had already taken
Tamoxifen for 5 years randomised to either continuing the
Tamoxifen for a further 5-year treatment (6,846 women) or
stopping their treatment. The study showed a significant
reduction in recurrence (3.7% reduction) and breast cancer
specific mortality in the treatment group (12.2% vs. 15%).
Specifically, breast cancer mortality was similar for both
groups up to year 9; however, in years 10-14 there was a
significant reduction in the extended treatment group. The
study concluded that women with ER-positive tumours who
remained premenopausal at the end of 5 years should receive
a further 5-year Tamoxifen treatment (35).
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Table VI. Evidence for OS & AI (27).

AI & OS                                              DFS 5 y                       Risk for          Free from         Recurrence             Freedom from                     OS
                                                          %, HR (CI)                  recurrence            BC at                   at a                         distant 
                                                             p-value                                                  5 years             distant site                 recurrence

Chemo                                                                                                                                                                                                                        
TEXT             E & OFS vs.         0.69 (0.53-0.90)                       -                        -                          -                                 -                                   -
SOFT                T & OFS             0.84 (0.62-1.13)

No Chemo                                                                                                                                                                                                                  
TEXT             E & OFS vs.         0.54 (0.32-0.92)                       -                    97.6%                     -                                 -                                   -
SOFT                T & OvS             0.68 (0.38-1.19)                                           97.5%                      

Combined        T & OFS           87.3% (85.7-88.7)        0.66 (0.55-0.80)      88.8%                  6.9%                 92% (90.7-93.1)         96.9% (96-97.6)
(21, 27)             E & OFS           91.1% (89.7-92.3)              p<0.001                                0.78 (0.62-0.97)      93.8% (92.7-94.8)      95.9% (94.9-96.7)
                                                   HR 0.72 (0.6-0.85)                                        92.8%                p=0.02               0.78 (0.62-0.97)                 p=0.03
                                                            p<0.001                                                                                                               p=0.02                 1.14 (0.86-1.51)

AI, Aromatase inhibitor; BC, breast cancer; E, Exemestane; HR, hazard ratio; OS, overall Survival; OFS ovarian function suppression; T, Tamoxifen.

Table VII. The Role of Extended Tamoxifen Therapy.

Study                               Patients            Treatments                               DFS HR (CI)                                                       OS HR (CI)

ATLAS (35)                      6846                Tam 10 y                     5-9 0.90 (0.79-1.02) p=0.1                 BC Mortality 5-RR 0.97 (0.79-1.18) p=0.74
                                                                                                         >10 y RR 0.75, p=0.01                                        Mortality >10 y RR
                                                                                                  Absolute reduction at 15 y 3.7%                            0.71 (0.58-0.88) p=0.002 
ATTom (36)                      6953             Tam for 10 y                  0.85 (0.76- 0.95) p=0.003)                      BC Mortality – 5-9 y 1.08 (0.85-1.38),
                                                                                                          Absolute reduction 4%                               >10 y 0.75(0.63-0.90) p=0.007 
Pooled analysis (37)        17477         Tam 10 y vs. 5 y                                  n/a                                             BC mortality 5-9y 0.97(0.84-1.15)
                                                                                                                                                                  BC mortality >10y 0.75 (0.65-0.86) p=0.00004
                                                                                                                                                                 BC Mortality all years 0.85 (0.77-0.94) p=0.001

BC, Breast cancer; HR, hazard ratio; N/A, not applicable; RR, relative risk; Tam, Tamoxifen; Y, year.



The UK aTTom Trial (Tables III and VII), recruited 6539
women with early ER-positive breast cancer, who, like in the
ATLAS study, had received 5 years of Tamoxifen and were
then randomised to having a further 5-year or no further
treatment. This study demonstrated benefits 7-10 years post
diagnosis with a 2% reduction in mortality and absolute
reduction of 4% with longer treatment (36).
Both these trials, when combined (Table III), have

suggested a 50% reduction in mortality risk when receiving
further Tamoxifen treatment compared to no further
treatment. In conclusion, these two studies provided the
evidence that significant reductions in breast cancer mortality
and improvements in OS are demonstrated after 10 years of
Tamoxifen treatment. These two studies are considered the
predominant source of evidence for extended Tamoxifen use
based upon the combined number of patients which
outnumbered the NSABP B-14 study (37). 
In the MA-17 study (Tables III and IV), Goss et al. examined

switching from Tamoxifen to Letrozole in postmenopausal
women who had already completed 5 years of Tamoxifen (5).
In a randomized, double blinded, placebo controlled trial of
Letrozole versus a placebo to be given for a five year period.
The MA-17 study was unblinded and stopped 1 year earlier
than planned after an interim analysis suggesting that 5 years of
Tamoxifen followed by a switch to 5 years of Letrozole
produced an improvement in both disease free and distant DFS
but no difference to OS. Although there was no significant
difference in the OS there was an apparent survival advantage
seen if the patient had taken Tamoxifen for more than 5 years
(5). The reasons for this were contemplated by Goss et al.,
particularly in view of the trial by Coombs for switching to
Exemestane after only 2-3 years of Tamoxifen (38). The MA-
17 study also went on to look at premenopausal women taking
Letrozole, who had undergone either bilateral oophorectomy or
were permanently amenorrheic following chemotherapy or
Tamoxifen treatment. They noted that the patients on Letrozole
benefited from extended adjuvant endocrine treatment (5).
Importantly the MA-17 trial concluded that Letrozole as
extended adjuvant therapy achieved a significant improvement
in OS in women with node-positive disease. Mortality was
reduced by 39% among the approximately 2,500 women with
node-positive disease randomized in the study. The MA-17 trial
showed extended adjuvant therapy with Letrozole to be a well-
tolerated protection against the continuing risk of breast cancer
recurrence for thousands of women receiving standard adjuvant
Tamoxifen (39).
Further evidence to support the benefits of extended

endocrine therapy was illustrated in the Australian Breast and
Colorectal Study Group (ABCSG) trial 6A (Tables III and IV).
The ABCSG evaluated adding 3 years of Anastrazole vs. no
further treatment in postmenopausal women with ER-positive
breast cancer, who have received 5 years of Tamoxifen
treatment and continued to be disease-free. After a median

follow up of 62.3 months the risk of recurrence was noted to be
reduced by 38% in the extended treatment arm compared to no
further treatment (HR=0.62 [95%CI=0.4-0.96]). Furthermore,
OS was noted to be equal between both arms (40).
Although the NSABP-33 study (Tables III, IV), was

designed to examine the benefits of extended endocrine
therapy with Exemestane in postmenopausal women that had
received 5 years of Tamoxifen, the trial was closed following
the results of the MA-17 and BIG 1-97 trials. Despite this,
they revealed a 4-year improvement in DFS and relapse-free
survival (41).
Until recently, there was no evidence to support extended

therapy with AI beyond 5 years (3). This issue has been
addressed in the MA17R (42). Goss et al. conducted a double
blinded trial of Letrozole versus placebo for 5 years in patients
that had previously received an AI for 4.5-6 years. The
primary end-point was DFS. The 5-year DFS rate was 95% in
Letrozole group versus 91% in placebo group with the results
stratified according to the nodal status, the prior adjuvant
chemotherapy, the interval from the last dose of AI therapy,
and the duration of treatment with Tamoxifen. They therefore
concluded that extended AI for 10 years resulted in increased
DFS but their results did not show any improvement in OS
when compared to the placebo group. In this study, 1,918
patients were recruited, of which 1,369 had more than 5 years
of Tamoxifen before their initial 5 years of AI therapy.
Therefore, a majority of these patients received approximately
15 years of hormone therapy overall. Whilst this study
provided useful conclusions about extended AI therapy, it
should be taken in context of patients initially being on
Tamoxifen. The authors alluded to this in the discussion and
stated that only 21% patients in MA17R did not recieve prior
Tamoxifen therapy. Many post-menopausal patients were
started on AI therapy for 5 years, and the impact of extended
AI therapy was also demonstrated. Improved DFS and
equivocal OS were seen in this study whilst also
demonstrating safety e.g. in terms of bone health, by
extending the AI. However, it is noteworthy to mention that
only approximately 20% of participants fall into this group. 
MA17R is currently the only published trial assessing

extended AI therapy. Three other trials are currently in
process and due to be published soon (43,44,45). Preliminary
data for these 3 trials has been presented at 2016 San
Antonio Breast Cancer Symposium. Five years of Letrozole
therapy after 5 years of endocrine treatment in the National
Surgical Adjuvant Breast and Bowel Project (NSABP) B-42
trial, did not significantly improve DFS or OS (43). It did
however conclude a significantly improved breast cancer–
free interval event rate and distant recurrence rate (43). The
DATA study looked at 6 versus 3 additional years of
Anastrozole, after 2 to 3 years of adjuvant Tamoxifen and
did not demonstrate improved rates of DFS (44). Five versus
2.5 years of Letrozole after 5 years of endocrine therapy in
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the IDEAL trial did not improve DFS (45). The full studies
once published should help refine further the value of
extended AI treatment and suggest more therapeutic
strategies to the different groups of breast cancer patients.

Discussion

In 2010, ASCO released adjuvant endocrine therapy
guidance to clinicians supported with the evidence available
at that time. The guidelines were based upon a systematic
review from 2007-2009 which identified 12 prospective
randomized control trials (46). It was evident that the
reviewed trials had limitations including different timing of
randomisation, their short follow up, their differing
populations with some only recruiting patients free of
recurrence and multiple years of Tamoxifen use (46).
In 2014, in view of recent trials and new evidence

emerging, the ASCO guidelines have been updated (Figures
1-3). Although 5 studies were reviewed, Eastern Cooperative
Oncology Group (ECOG) (32), Scottish Cancer Trials Breast
Group (33), NSABP B-14 (34), ATLAS (35) and aTTom
(36), generally the recommendations appear to be supported

by the two larger more recent randomized trials than the
older three studies that were identified (3).
The 2014 ASCO guidelines provided guidance regarding

when extended adjuvant endocrine therapy should be offered.
It has been recommend that extending Tamoxifen therapy
from 5 years to 10 will lower the recurrence risk, and improve
breast cancer and OS rates (3, 35, 36). Three of the 5 trials
demonstrated improvement in overall mortality, which was not
demonstrated in the National Surgical Adjuvant Breast and
bowel Project (NSABP B14) (34). Despite this both the
aTTom and ATLAS with extended Tamoxifen monotherapy
demonstrated a reduced risk of breast cancer recurrence, again
not demonstrated in either the NSABP B14 or the Scottish
Trial (33-36). In particular the aTTom Trial noted a small but
statistically significant reduction in recurrence by year 7-9 and
10-14 years of extended monotherapy (3, 35, 36) (Table III).
The question is why there was a difference between the

trials. Two theories have been postulated, the first is the “carry
over effect” of Tamoxifen having a continual effect despite
cessation of treatment. This relates to the impact of Tamoxifen
in the progression of late stage precursor lesions, creating a
transient delay until presentation of a breast cancer. The
second relates to OS requiring a longer follow up period to
assess patient’s survival with and without recurrence (47). 
It is essential to highlight that the choice of extended

adjuvant endocrine therapy is still determined by menopausal
status. In general, if the patient is pre/peri or unknown
menopausal status the patient should receive Tamoxifen for
an additional 5 years (46). Following this period, the
patient’s menopausal status should be reviewed. This is
where difficulties arise. While on Tamoxifen many women
either stop menstruating or develop irregular menses. A
menopausal venous blood screen is not always accurate
having been on a course of Tamoxifen. The question that
arises when considering extended endocrine therapy is if
patients should continue on Tamoxifen for further 5 years or
switch Tamoxifen to an AI for an additional 5 years. It is
suggested that if there is any doubt about menopausal status,
the patients should persist and proceed to take extended
Tamoxifen for 10 years due to the extended benefit
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Figure 1. Recommendation 1: for premenopausal women commencing
adjuvant endocrine therapy.

Figure 2. Recommendation 2: for postmenopausal women commencing
adjuvant endocrine therapy.

Figure 3. Recommendation 3: for postmenopausal women intolerant to
adjuvant endocrine therapy.



demonstrated in the ATLAS Trial (3, 35). Goss et al. in the
Ma-17 trial, defined menopausal as being aged at least 50
when commencing Tamoxifen, had undergone bilateral
oophorectomy, were <50 on commencing Tamoxifen but
stopped menses secondary to Tamoxifen or chemotherapy, or
their hormone profile revealed postmenopausal status (5). In
agreement with the SOFT and TEXT trial, if a woman was
close to menopausal age at the start of her 5 years of
Tamoxifen then they could be considered for switching to an
AI, whereas those patients most likely to remain pre-
menopausal should be considered for 10 years of Tamoxifen
therapy with OFS or consider an AI with OFS (21, 27). 
The MA17R study conclusions help define further the

option of extended AI adjuvant therapy for patients who are
post-menopausal at the start of their adjuvant endocrine
therapy (42). NSABP-42, DATA, and IDEAL trials when
published will help further to assess the impact of extended
AI therapy (43-45). 
An important factor that should be taken into consideration

whenever contemplating extended therapy is the occurrence
of side effects. Each patient needs to be assessed on an
individual basis taking into account their prior co-morbidities,
and potential risks from extended treatment. It is suggested
that reviewing each patient on their merits with a full
discussion regarding both risks and benefits of extended
adjuvant endocrine monotherapy with Tamoxifen. The side
effects of Tamoxifen are well documented; consequently the
risks of endometrial cancer or thromboembolism may well be
increased with extended treatment (13). Certainly, the trials
used to produce the ASCO recommendations did suggest a
consensus regarding these risks (3, 35, 46). In the ATLAS
study with extended Tamoxifen therapy they noted an
increase in uterine cancer and thromboembolic events, but a
reduced risk of strokes and ischaemic heart disease (35). The
aTTom study noted a significant increase in endometrial
cancer events (36). Despite this, based on the studies
examined extended Tamoxifen did not appear to impact on
non-breast cancer mortality rates (3).
In the ATAC trial, Anastrazole was found to be more

tolerable for patients when compared to Tamoxifen in post-
menopausal ladies (17). Although we appreciate as these are
two different agents their side effects may well differ. They
both cause menopausal symptoms (hot flushes and excessive
sweats) but they each have their own specific adverse effects.
With AI this is musculoskeletal, osteoporosis, fractures,
cardiac events (3, 5). The MA-17 study, revealed that side-
effects such as hot flashes, anorexia, arthralgia, myalgia and
alopecia were significantly higher in patients taking
Letrozole. Accompanying this there were greater number of
patients diagnosed with osteoporosis, fractures, and
cardiovascular disease (3, 5). However, the statistical
significant difference was only noted with osteoporosis.
Despite this, the number of breast cancer deaths in the

Letrozole group this was reviewed concluding no causal
relationship between the deaths and Letrozole (5, 27).
In the BIG 1-98 study, 13.6% of patients discontinued

Letrozole treatment early compared to 11.9% taking Tamoxifen
with the majority suffering adverse events within the first 2
years of treatment then plateauing to 1-2% per year (19).
The other consideration is patient non-compliance with the

adjuvant monotherapy endocrine treatment (Figure 3). The
average patient compliance is approximately 80% (2). The
side effects of the medication are the main factor for non-
compliance, but also other factors have been identified
including no oncological follow up, extremes of age (patient
refusal), and being followed up by their family doctor (2, 5). 
This again can be noted in the SOFT and TEXT trials. Any

additional therapy has associated cost and associated toxicity.
At 5 years, 30.2% of the patients were still receiving some vs.
all protocol treatments (27), 56.1% had completed treatment
and only 13.7% had stopped treatments early, 16.1% in the
Exemestane group compared to 11.2% in the Tamoxifen group
(27). Not only do these young patients have the side effects
from the AI or the Tamoxifen, but also the added toxicity of
the ovarian suppression: menopausal symptoms, sexual
functioning (Vaginal dryness, loss of libido) and depression
(approx. 50%) (21). If the side effects are too extreme then
compliance with the treatment stops. Therefore, there has to
be a fine balance and each patient should be fully informed of
the side effects, the available alternative options, and the
concerns of non-compliance outlined from the start. 
In the SOFT/TEXT trial, 30.6% in the Exemestane group

reported grade 3-4 adverse events such as hot flushes,
musculoskeletal symptoms, hypertension and depression
compared to only 29.4% in the Tamoxifen group, similar to
post-menopausal ladies in comparative studies. Within the
Exemestane group, fractures, musculoskeletal aches, vagina
dryness, decreased libido and dyspareunia were more frequently
reported compared to thromboembolic effects, hot flushes,
sweating and urinary incontinence in the Tamoxifen group (27).
Overall, however, neither type of hormone therapy was shown
to be superior to the other type in terms of quality of life (27). 
In order for a treatment to be beneficial there has to be a

balance between the benefit and the toxicity, noting that some
side effects can be long-lasting and make an extreme impact
on the younger patient group. Bianchini et al. in 2013,
proposed that the ideal candidate for extended adjuvant
therapy would be a patient whose breast cancer has both high
proliferation and expression of ER (48). We may well be able
to offer a new treatment option for premenopausal women or
those undertaking extended therapy, but we need to ensure
the patients are well informed of the adverse effects, with
support and advice available, in order to ensure compliance
for the intended outcomes to be achieved. 
The emergence of new technologies utilising certain

biomarkers might help to predict recurrence risk and guide
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future endocrine therapy. The Breast Cancer Index (BCI) is
a multi-gene test that identifies the two gene ratio
HOXB13:IL17BR (H/I) and the Molecular Grade Index
(MGI). A higher distant recurrence-free survival is associated
with a low BCI score and is considered as a prognostic value
for late recurrence (49). In addition, in TransATAC
(translational arm of the Arimidex, Tamoxifen, alone or in
combination trial) trial the 21-gene recurrence score assay
and the immunohistochemical prognostic model, IHC4, have
been shown to be prognostic for early distant recurrence
(50). Oncotype Dx prognostic assay is also starting to
suggest a subset of patients that might benefit from
endocrine therapy alone (51). Furthe\r studies and validation
of such biomarkers utilisation is needed to personalise
endocrine therapy for breast cancer patients. 

Conclusion

On deciding which adjuvant treatment and duration,
extended endocrine therapy should be tailored according to
patients needs dictated by their individual risk factors,
molecular type of breast cancer, tumour size, nodal status
and risk of recurrence, menopausal status, co-morbidities and
lifestyle. Clinicians ought to discuss with patients the pros
and cons of different adjuvant endocrine therapy approaches
and highlight the potential side effects and toxicity. The MA-
17 study, promoted switching from Tamoxifen to Letrozole
in post-menopausal women, while the ATLAS & aTTom
trials recommend extended 10 year Tamoxifen treatment, the
TEXT and SOFT trials suggest that an AI with ovarian
suppression in some premenopausal patients is associated
with significant survival advantages. These latter two studies
do offer premenopausal women with ER-positive breast
cancer a further treatment option, demonstrated to reduce
recurrence and be beneficial for women with higher risk
disease in order to maximise their therapeutic gain with
consideration toward treatment compliance despite the
challenging side effects from the AI. MA17R promotes
extended AI adjuvant therapy for post-menopausal women;
however, preliminary results from upcoming studies do not
show a great advantage in patients, pursuing this option and
the full results of these studies are highly anticipated.
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