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Summary

Background In animal models of breast cancer, resistance to continuous use of letrozole can be reversed by withdrawal
and reintroduction of letrozole. We therefore hypothesised that extended intermittent use of adjuvant letrozole would
improve breast cancer outcome compared with continuous use of letrozole in postmenopausal women.
Methods We did the multicentre, open-label, randomised, parallel, phase 3 SOLE trial in 240 centres (academic, primary,
secondary, and tertiary care centres) in 22 countries. We enrolled postmenopausal women of any age with hormone
receptor-positive, lymph node-positive, and operable breast cancer for which they had undergone local treatment (surgery
with or without radiotherapy) and had completed 4–6 years of adjuvant endocrine therapy. They had to be clinically free
of breast cancer at enrolment and without evidence of recurrent disease at any time before randomisation. We randomly
assigned women (1:1) to treatment groups of either continuous use of letrozole (2·5 mg/day orally for 5 years) or
intermittent use of letrozole (2·5 mg/day orally for 9 months followed by a 3-month break in years 1–4 and then
2·5 mg/day during all 12 months of year 5). Randomisation was done by principal investigators or designee at respective
centres through the internet-based system of the International Breast Cancer Study Group, was stratified by type of
previous endocrine therapy (aromatase inhibitors only vs selective oestrogen receptor modulators only vs both therapies),
and used permuted block sizes of four and institutional balancing. No one was masked to treatment assignment. The
primary endpoint was disease-free survival, analysed by the intention-to-treat principle using a stratified log-rank test. All
patients in the intention-to-treat population who initiated protocol treatment during their period of trial participation
were included in the safety analyses. This study is registered with ClinicalTrials.gov, number NCT00553410, and EudraCT,
number 2007-001370-88; and long-term follow-up of patients is ongoing.
Findings Between Dec 5, 2007, and Oct 8, 2012, 4884 women were enrolled and randomised after exclusion of patients
at a non-adherent centre, found to have inadequate documentation of informed consent, immediately withdrew
consent, or randomly assigned to intervention groups in error. 4851 women comprised the intention-to-treat population
that compared extended intermittent letrozole use (n=2425) with continuous letrozole use (n=2426). After a median
follow-up of 60 months (IQR 53–72), disease-free survival was 85·8% (95% CI 84·2–87·2) in the intermittent letrozole
group compared with 87·5% (86·0–88·8) in the continuous letrozole group (hazard ratio 1·08, 95% CI 0·93–1·26;
p=0·31). Adverse events were reported as expected and were similar between the two groups. The most common
grade 3–5 adverse events were hypertension (584 [24%] of 2417 in the intermittent letrozole group vs 517 [21%] of 2411
in the continuous letrozole group) and arthralgia (136 [6%] vs 151 [6%]). 54 patients (24 [1%] in the intermittent letrozole
group and 30 [1%] in the continuous letrozole group) had grade 3–5 CNS cerebrovascular ischaemia, 16 (nine [<1%] vs
seven [<1%]) had grade 3–5 CNS haemorrhage, and 40 (19 [1%] vs 21 [1%]) had grade 3–5 cardiac ischaemia. In total,
23 (<1%) of 4851 patients died while on trial treatment (13 [<1%] of 2417 patients in the intermittent letrozole group vs
ten [<1%] of 2411 in the continuous letrozole group).
Interpretation In postmenopausal women with hormone receptor-positive breast cancer, extended use of intermittent
letrozole did not improve disease-free survival compared with continuous use of letrozole. An alternative schedule of
extended adjuvant endocrine therapy with letrozole, including intermittent administration, might be feasible and the
results of the SOLE trial support the safety of temporary treatment breaks in selected patients who might require them.
Funding Novartis and the International Breast Cancer Study Group.

Introduction
Adjuvant extended endocrine therapy with the aromatase
inhibitor letrozole after 5 years of tamoxifen has been
endorsed for postmenopausal women with hormone

receptor-positive (oestrogen receptor-positive, progesterone
receptor-positive, or both) breast cancer.1,2 However, the
magnitude of the beneficial effect of 5 years of extended
letrozole use in postmenopausal women who have
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Research in context
Evidence before this study
We did a systematic literature database search on PubMed using
the terms “adjuvant”, “breast cancer”, “clinical trial”, “extended”,
“postmenopausal”, and “letrozole” without any language
restriction at the time the protocol was finalised on July 6, 2007.
Only one phase 3 study of extended adjuvant letrozole in this
patient population was identified. This study showed improved
disease-free survival for 5 years of letrozole therapy in women
who have completed 5 years of tamoxifen therapy. We repeated
the same literature search on June 13, 2017. Three additional
phase 3 studies were identified. One study reported improved
disease-free survival for letrozole administered for 10 years. The
second study, not yet published, did not show a significant
improvement in disease-free survival for patients who had
completed 5 years of adjuvant endocrine therapy and received
5 years of extended letrozole. The results of a third trial were
presented but not yet published, showing no clear advantage for
5 years of extended letrozole compared with a shorter duration
of extended treatment. On the basis of the results of these trials,
adjuvant extended endocrine therapy with 5 years of letrozole
seemed to be a feasible treatment option for postmenopausal
women with hormone receptor-positive (oestrogen
receptor-positive or progesterone receptor-positive, or both)
breast cancer at intermediate or high risk of relapse.

previously received an aromatase inhibitor for 5 years is
low. One study3 reported improved disease-free survival
with 5 years of extended letrozole, supporting the use of an
aromatase inhibitor for 10 years, whereas another study4
reported no significant improvement in disease-free
survival for patients who had already completed 5 years of
adjuvant endocrine therapy with either tamoxifen or an
aromatase inhibitor. On the basis of available data, recent
treatment recommendations suggest the use of an
aromatase inhibitor for 10 years be discussed on a
personalised basis.5
Evidence from animal models suggests that resistance
to letrozole can be reversed by discontinuing treatment,
supporting an alternating on–off letrozole treatment as a
strategy to prolong sensitivity to the endocrine treatment.6
This effect might be related to the capacity of oestradiol
to induce programmed cell death in breast cancer cells
that have developed resistance following extensive antihormonal therapy. In particular, cells that are deprived of
oestrogen for several years initially start to grow
spontaneously in cellular models.7 Even minimal
concentrations of oestrogen, similar to those achievable
through inter
ruptions of treatment with aromatase
inhibitors, produce a cytocidal effect on these cells that
are exhaustively deprived of oestrogen.7–9
In 2007, the International Breast Cancer Study Group
(IBCSG) started a randomised, phase 3 trial—the Study
of Letrozole Extension (SOLE)—for postmenopausal
women with node-positive, hormone receptor-positive,

Added value of this study
To our knowledge, the SOLE trial is the first to directly
compare extended intermittent letrozole use with extended
continuous letrozole use. We showed that in postmenopausal
women with hormone receptor-positive breast cancer,
extended use of intermittent letrozole is feasible, and
represents a possible option in selected patients who could
benefit from temporary treatment breaks—namely, those
who have side-effects during extended endocrine treatment.
Implications of all the available evidence
The magnitude of the beneficial effect of extended letrozole
use in postmenopausal women who previously received an
aromatase inhibitor during the first 5 years is low and should
be weighed against the side-effects. The results of the SOLE
trial support additional treatment options of extended
adjuvant letrozole. The intermittent administration of
extended adjuvant letrozole is an attractive approach
considering potentials for reduced economic cost and
improved quality of life. Continued follow-up to further
investigate the value of intermittent extended letrozole in
subgroups defined by previous adjuvant endocrine therapy is
ongoing.

early breast cancer who remained free of relapse after
4–6 years of adjuvant endocrine therapy. On the basis of
findings from preclinical studies, the trial was designed
to evaluate whether extended intermittent use of adjuvant
letrozole improves disease-free survival versus continuous
use of letrozole. In this paper, we report the results of this
primary analysis.

Methods

Study design and participants
We did a multicentre, open-label, randomised, parallel,
phase 3 trial in 240 centres (academic, primary,
secondary, and tertiary care centres) of the Breast
International Group-affiliated cooperative groups in
22 countries (appendix p 8). Women of any age were
eligible for the trial as long as they were postmenopausal.
Post
menopausal status was defined as meeting the
following criteria: women of any age who had had a
bilateral oophorectomy (including radiation castration
confirmed by subsequent amenorrhoea for longer than
3 months) and were amenorrhoeic for longer than
3 months; those aged 55 years or younger with
biochemical evidence of definite postmenopausal status
(oestradiol,
follicle-stimulating
hormone,
and
luteinising hormone in the post
menopausal range);
and those aged 56 years or older who, if they had any
evidence of ovarian function, had to have the same
biochemical evidence of definite postmenopausal
status. Eligible women must have previously
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had unilateral, lymph node-positive, steroid hormone
receptor-positive (oestrogen receptor-positive, proges
terone receptor-positive, or both) operable breast
cancer, for which they had undergone local treatment
(surgery with or without radiotherapy) with no known
clinical residual locoregional disease. They had to be
clinically free of breast cancer at enrolment without
evidence of recurrent disease at any time before
randomisation, could have any Eastern Cooperative
Oncology Group performance status score, and had to
have completed 4–6 years of previous adjuvant
endocrine therapy with aromatase inhibitors, selective
oestrogen receptor modulators (SERMs), or a sequential
combination of both within the past year. Patients were
eligible if they had received any type of previous adju
vant therapy and were allowed to have been on
bisphosphonates for treatment of bone loss, but those
who had a bone fracture due to osteoporosis at any time
during previous endocrine therapy were not eligible.
Patients also had to have clinically adequate hepatic
function and could not have had previous bilateral
breast cancer or a previous or concomitant malignancy.
We also excluded patients with non-malignant systemic
diseases (eg, cardiovascular disease) that would prevent
long-term follow-up and those with psychiatric
disorders that could compromise protocol compliance.
Ethics committees and appropriate national health
authorities from each centre approved the protocol, and
all patients provided written informed consent. The trial
protocol is available online.

to be done at baseline if clinically indicated. After
randomisation, patients either received continuous
letrozole (2·5 mg/day orally for 5 years) or intermittent
letrozole (2·5 mg/day orally during the first 9 months of
years 1–4, followed by a 3-month break in each of these
years, and then 2·5 mg/day during all 12 months of
year 5). All patients completed treatment at 60 months
from randomisation. Dose reductions were not permitted.
Treatment compliance was assessed by case report forms,
which collected the dates of beginning and end of all
letrozole interruptions that lasted more than 1 month in
duration.
We assessed patients for their disease status every
6 months during years 1–5, and annually thereafter with
physical examinations, haematology and blood chemistry
tests, and imaging as medically indicated at each study
visit during treatment. Additionally, we systematically
queried for 14 targeted adverse events using the National
Cancer Institute Common Terminology Criteria for
adverse events (version 3.0) at each study visit during
treatment. In the subset of patients enrolled in the
prospectively defined quality-of-life substudy, the qualityof-life assessments, which included the 18-item Breast
Cancer Prevention Trial Symptom Scales10 and nine
further symptom-specific and global quality-of-life
indicators,11,12 were done at baseline and at 6, 12, 18, and
24 months after randomisation (appendix p 7). All patients
continued in the study until they withdrew consent, were
lost to follow-up, or died.

Randomisation and masking

The primary endpoint was disease-free survival defined as
the time from randomisation to the first appearance of
one of the following investigator-assessed events: invasive
recurrence of breast cancer (local, regional, or distant),
invasive contralateral breast cancer, second non-breast
invasive cancer, or death without recurrence or second
cancer; and each reported event was centrally reviewed by
the IBCSG Medical Affairs. Secondary endpoints were
breast cancer-free interval, defined as the time from
randomisation to the recurrence of invasive breast cancer
(local, regional, or distant) or invasive contralateral breast
cancer; distant recurrence-free interval, defined as the time
from randomisation to the recurrence of breast cancer at a
distant site (in the statistical analysis plan, this endpoint
replaced distant disease-free survival for consistency with
the standardised definitions for time-to-event efficacy
endpoints [STEEP] criteria13); overall survival, defined as
time from randomisation to death from any cause; sites of
first disease-free survival event; second (non-breast)
malignancies; deaths without prior cancer event; and
assessment of adverse events. For patients who did not
have an endpoint event for breast cancer-free or distant
recurrence-free interval, the times were censored at the
date of the last follow-up visit or date of death without an
endpoint event. For the analysis of overall survival, the
endpoint was censored at the date at which the patient

Patients were randomly assigned (1 : 1) to unmasked
treatment groups of either continuous letrozole or
intermittent letrozole, and this sequence was generated
centrally by the randomisation office of the Frontier
Science & Technology Research Foundation at the
IBCSG Data Management Center (Amherst, NY, USA).
Randomisation was done with permuted blocks sizes of
four and institutional balancing, and was stratified by
previous adjuvant endocrine therapy (aromatase inhibitors
only vs SERMs only vs both aromatase inhibitors and
SERMs). The participating centres’ principal investigator
and authorised co-investigators enrolled patients, and the
principal investigator or designee (which might have been
a cooperative group representative) accessed the IBCSG’s
internet-based randomisation system to register patients
to obtain the treatment assignment. In this trial, no-one
was masked to treatment assignment.

Procedures
Before patients were randomly assigned, in order to
verify their disease-free status, haematology and blood
chemistry tests within 2 months of randomisation,
bilateral mammography within 1 year of randomisation,
and chest x-ray before randomisation (no specified
timepoint) were recommended, and bone scan was

Outcomes
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was last known to be alive. Finally, the trial included a
prospectively defined quality-of-life substudy.

Statistical analysis
The 4-year disease-free survival was assumed to be 90%
in the continuous letrozole group on the basis of the
91·8% disease-free survival in the node-positive subgroup
of the MA.17 trial of extended letrozole adjuvant
treatment in patients with hormone receptor-positive
breast cancer.14 The MA.17 disease-free survival estimate
of 91·8% was adjusted downwards to account for
differences in events defining disease-free survival
between the two trials (MA.17 included only breast cancer
recurrence and contralateral breast cancer as events,
whereas SOLE also included invasive second non-breast
malignancies and deaths without cancer as events). The
sample size was determined to provide 80% power to
detect a 20% reduction in the risk of a disease-free
survival event associated with intermittent letrozole use
compared with continuous letrozole use (hazard ratio
[HR] 0·80) using a two-sided 0·05 level significance test.
A group sequential design was used, with two interim
analyses (at approximately 40% and 70% events) and the
primary analysis targeting 647 disease-free survival
events. At each interim analysis and at the primary

4884 women enrolled and randomly assigned

2441 assigned to continuous
letrozole

2443 assigned to intermittant
letrozole

15 excluded from ITT population
8 at a non-adherent centre
2 randomly assigned in error
5 withdrew consent for all
participation

18 excluded from ITT population
2 inadequate documentation
of informed consent
6 at a non-adherent centre
1 major eligibility violation*
9 withdrew consent for all
participation

2426 included in ITT population
Treatment
2411 initiated treatment
15 never started treatment
Follow-up
109 withdrew consent
during follow-up
20 lost to follow-up

2425 included in ITT population
Treatment
2417 initiated treatment
8 never started treatment
Follow-up
89 withdrew consent
during follow-up
30 lost to follow-up

2426 patients included in
ITT analysis
2411 patients included in safety
analysis

2425 patients included in
ITT analysis
2417 patients included in safety
analysis

Figure 1: Trial profile
For 93 (38%) of the 248 patients who withdrew consent or were lost to follow-up, continued submission of
disease recurrence and survival status from medical records or updates were obtained from tumour and vital
registries according to the protocol follow-up schedule. ITT=intention to treat. *Treatment with letrozole was
inappropriate for this patient because of major eligibility violation; patient received less than 1 month of
treatment when the issue was identified, and protocol treatment and participation were stopped at that time.
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analysis, testing was done with O’Brien-Fleming
boundaries and reviewed by the IBCSG Data and Safety
Monitoring Committee. Enrolment of 4800 patients was
planned (1600 patients per year for 3 years), with
approximately 5 years of additional follow-up and
assuming 5% dropout by 4 years.
Analyses were performed by the intention-to-treat
principle after the exclusion of patients who were enrolled
at a non-adherent centre, found to have inadequate
documentation of informed consent, immediately
withdrew consent, or randomly assigned to intervention
groups in error. Kaplan-Meier estimates of time-to-event
endpoints were calculated, using Greenwood’s formula
for standard errors, and pointwise 95% CIs were obtained
with use of complementary log-log transformation of the
survivor function. The log-rank test and Cox proportional
hazards regression, stratified according to previous
adjuvant endocrine therapy, were used for hypothesis
testing and to estimate HRs with 95% CIs.
In prespecified secondary endpoint analyses, a multi
variable model adjusting for patient, disease and
treatment factors (age and body-mass index at
randomisation; tumour size and grade; number of
positive lymph nodes; oestrogen receptor, progesterone
receptor, and HER2 status of the primary tumour; type of
previous endocrine therapy; duration of previous
endocrine therapy; and the time since the cessation of
previous endocrine therapy), and heterogeneity of the
treatment effect according to subgroups was investigated
by tests of treatment-by-covariate interaction of the same
factors. These methods that did not account for
competing risks were used for breast cancer-free interval
and distant recurrence-free interval because the
proportion of competing events (ie, deaths without a
previous cancer event) was anticipated to be small.
All patients in the intention-to-treat population who
initiated protocol treatment during their period of trial
participation were included in the safety analyses.
Adverse events are reported as the maximum grade
recorded during the treatment period, with 95% exact
binomial CIs for the adverse events. Quality-of-life scores
were first transformed so that each score ranged from
0 to 100, with higher numbers reflecting a better
condition, and were then quantified as the change from
baseline. This analysis used mixed-effects regression
modelling of all timepoints and contrasted the two
treatment groups at 12 months and 24 months. The
sample size for the quality-of-life substudy was estimated
on the basis of a between-group comparison of the
change from baseline to 12 months in the hot flushes or
flashes scale, estimating that 676 patients were needed to
achieve 90% power to detect an effect size of 0·25
between the two groups on the basis of a two-sided 0·05
level t test. Additional information about the SOLE
quality-of-life substudy is included in the appendix (p 7).
We used SAS (version 9.4) with SAS/STAT (version 14.1)
for statistical analyses. This study is registered with
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ClinicalTrials.gov, number NCT00553410, and EudraCT,
number 2007-001370-88.

Role of the funding source
IBCSG was responsible for the study design, randomisation,
collection and management of data, medical review, data
analyses, and reporting of data. The IBCSG Data and Safety
Monitoring Committee did reviews twice per year. Novartis,
the manufacturer of letrozole, donated the study drug and
provided financial support but did not impose restrictions
on the trial data. MC, WL, and MMR had full access to all
the data. The steering committee, which included
Continuous
letrozole
(n=2426)

Intermittent
letrozole
(n=2425)

employees of Novartis, reviewed and approved the
manuscript content. The corresponding author had final
responsibility to submit for publication.

Results
Between Dec 5, 2007, and Oct 8, 2012, we randomly
assigned 4884 postmenopausal women to receive
continuous letrozole (n=2441) or intermittent letrozole
(n=2443; figure 1). The population analysed by the
intention-to-treat principle included 4851 women (2426 in
the continuous letrozole group and 2425 in the intermittent
group) after exclusion of 33 women after randomisation
(15 from the continuous letrozole group and 18 from the
intermittent letrozole group; figure 1). Baseline patient
Continuous
letrozole
(n=2426)

Intermittent
letrozole
(n=2425)

Negative

1805 (74%)

1842 (76%)

Positive

441 (18%)

371 (15%)

Unknown HER2 status or HER2 test
not done

180 (7%)

212 (9%)

Age at randomisation (years)
<55

688 (28%)

671 (28%)

55–59

504 (21%)

496 (20%)

60–64

451 (19%)

471 (19%)

65–69

400 (16%)

375 (15%)

≥70

383 (16%)

412 (17%)

Median age (IQR)

60 (54–67)

60 (54–67)

Race
White
Black

(Continued from previous column)
HER2 status

Hormone receptor status
2199 (91%)

2211 (91%)

ER-positive and PgR-positive

1889 (78%)

1854 (76%)

10 (<1%)

9 (<1%)

ER-positive and PgR-negative

416 (17%)

439 (18%)

Asian

119 (5%)

121 (5%)

ER-positive and PgR-unknown

72 (3%)

80 (3%)

Other

97 (4%)

83 (3%)

ER-negative and PgR-positive

47 (2%)

51 (2%)

Unknown

1 (<1%)

1 (<1%)

Body-mass index at randomisation

Other or unknown

2 (<1%)

1 (<1%)

Previous chemotherapy

Normal (<25 kg/m²)

853 (35%)

922 (38%)

No

451 (19%)

476 (20%)

Overweight (25 to <30 kg/m²)

886 (37%)

805 (33%)

Yes

1974 (81%)

1949 (80%)

Obese (≥30 kg/m²)

574 (24%)

572 (24%)

Unknown

Unknown

113 (5%)

126 (5%)

Local therapy

Premenopausal

470 (19%)

477 (20%)

Perimenopausal

90 (4%)

87 (4%)

Postmenopausal

1859 (77%)

1849 (76%)

7 (<1%)

12 (<1%)

Menopausal status at diagnosis

Unknown

Mastectomy with radiotherapy

830 (34%)

Mastectomy without radiotherapy

329 (14%)

359 (15%)

1243 (51%)

1250 (52%)

24 (1%)

22 (1%)

SERMs only

435 (18%)

438 (18%)

SERMs and AIs

977 (40%)

979 (40%)

1014 (42%)

1008 (42%)

Breast-conserving surgery with
radiotherapy
Other

24 (1%)

31 (1%)

1–3

1609 (66%)

1599 (66%)

4–9

536 (22%)

571 (24%)

AIs only

≥10

254 (10%)

222 (9%)

Duration of previous endocrine therapy

Unknown

0
794 (33%)

Previous endocrine therapy

Number of positive lymph nodes
0

1 (<1%)

3 (<1%)

2 (<1%)

<4·5 years
4·5–5·5 years

Tumour grade

412 (17%)

400 (16%)

1790 (74%)

1809 (75%)

222 (9%)

215 (9%)

1

441 (18%)

483 (20%)

>5·5 years

2

1270 (52%)

1265 (52%)

Unknown

3

606 (25%)

567 (23%)

Time from end of previous endocrine therapy to randomisation

Unknown

109 (4%)

110 (5%)

≤1 month

1747 (72%)

1702 (70%)

>1 month

679 (28%)

723 (30%)

Tumour size
≤2 cm

1141 (47%)

1154 (48%)

>2 cm

1272 (52%)

1262 (52%)

Unknown

13 (1%)

9 (<1%)

(Table 1 continues in next column)

2 (<1%)

1 (<1%)

Data are n (%), unless otherwise specified. ER=oestrogen receptor.
PgR=progesterone receptor. SERMs=selective oestrogen receptor modulators.
AIs=aromatase inhibitors.

Table 1: Baseline characteristics
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0

Continuous letrozole
Intermittent letrozole
HR 1·08 (95% CI 0·93–1·26); p=0·31
0

Number at risk
(number censored)
Continuous letrozole 2426 (0)
Intermittent letrozole 2425 (0)

1

2

3

4

5

6

999 (1152)
963 (1158)

497 (1636)
486 (1609)

Time since randomisation (years)
2307 (59)
2324 (38)

2222 (76)
2225 (66)

2119 (100)
2134 (88)

1855 (328)
1837 (325)

Figure 2: Disease-free survival after median follow-up of 60 months
HR=hazard ratio.

characteristics were well balanced between the two groups
(table 1). Median age at randomisation was 60 years
(IQR 54–67) in both groups (table 1). Before randomisation,
a total of 2022 (42%) of 4851 patients had received
aromatase inhibitors only and 873 (18%) had received
SERMs only. Overall median duration of previous
endocrine therapy for both groups was 5·0 years
(IQR 4·7–5·1).
The visit cutoff date was Oct 31, 2016, and the database
lock date for analysis was Feb 8, 2017. After a median
follow-up of 60 months (IQR 53–72), disease-free
survival events were reported in 665 (14%) of
4851 patients overall (346 [14%] of 2425 patients in the
intermittent letrozole group and 319 [13%] of 2426 in the
continuous letrozole group). Disease-free survival did
not differ between the groups: the estimated 5-year
disease-free survival was 85·8% (95% CI 84·2–87·2) in
the intermittent letrozole group versus 87·5%
(86·0–88·8) in the continuous letrozole group (HR 1·08,
95% CI 0·93–1·26; p=0·31; figure 2). The sites of
disease-free survival events did not differ substantially
between the groups; a full breakdown of event sites by
treatment group is in the appendix (p 9). Distant sites
were involved for 318 (7%) of 4851 patients, and 169 (4%)
patients had second non-breast invasive malignancies
(appendix p 9); in total, 239 (36%) of 665 disease-free
survival events were not related to breast cancer.
Planned subgroup analyses did not indicate
heterogeneity of treatment effect on disease-free survival
across patient subgroups according to type of previous
endocrine therapy (figure 3A), or by age at randomisation;
body-mass index; tumour size; tumour grade; oestrogen
receptor, progesterone receptor, and HER2 status of the
primary tumour; number of positive lymph nodes;
6

duration of previous endocrine therapy; and time since
the cessation of previous endocrine therapy (appendix
pp 10, 11). A multivariable model adjusting for the same
factors provided a result consistent with the primary
analysis of disease-free survival, showing no significant
difference in disease-free survival between the treatment
groups (HR 1·07, 95% CI 0·92–1·25). Further exploratory
and data-driven analyses of subgroups are beyond the
scope of this primary report of the trial and, therefore,
are not reported.
Similar to the results for the primary efficacy endpoint,
none of the secondary efficacy endpoints differed
significantly between the two treatment groups (figure 3).
Breast cancer events were reported in 431 (9%) of
4851 patients (214 [9%] of 2425 patients in the intermittent
letrozole group and 217 [9%] of 2426 in the continuous
letrozole group), and did not differ significantly between
the two groups (HR 0·98, 95% CI 0·81–1·18; p=0·84).
The estimated proportion of patients free from breast
cancer at 5 years was 90·9% (95% CI 89·6–92·1) in
patients in the intermittent letrozole group compared
with 91·2% (89·9–92·3) in those in the continuous
letrozole group (figure 4A). Distant recurrence was
reported in 338 (7%) of 4851 patients (159 [7%] of 2425 in
the intermittent letrozole group and 179 [7%] of 2426 in
the continuous letrozole group) and did not differ
significantly between the groups (HR 0·88, 95% CI
0·71–1·09; p=0·25). The estimated proportion of patients
free from distant recurrence at 5 years was 93·2%
(95% CI 92·0–94·2) in the intermittent letrozole group
versus 92·5% (91·3–93·5) in those given continuous
letrozole (figure 4B).
At data cutoff, 316 (7%) of 4851 patients had died
(146 [6%] of 2425 in the intermittent letrozole group and
170 [7%] of 2426 in the continuous letrozole group;
figure 3D): 198 deaths occurred after a breast cancer
event (83 vs 115), 49 occurred after a second non-breast
malignancy (24 vs 25), 55 were confirmed without a
previous cancer event (33 vs 22), and 14 occurred with
incomplete knowledge of breast cancer recurrence status
(6 vs 8). Overall survival did not differ significantly
between the treatment groups (HR 0·85, 95% CI
0·68–1·06; p=0·16); etimated 5-year overall survival was
94·3% (95% CI 93·2–95·2) in the intermittent letrozole
group versus 93·7% (92·6–94·7) in the continuous
letrozole group (figure 4C). Subgroup analyses for breast
cancer-free interval, distant recurrence-free interval, and
overall survival for heterogeneity of treatment effect
according to type of previous endocrine therapy are
shown in figure 3.
23 (<1%) of 4851 patients never started their assigned
treatment and 3390 (70%) had stopped treatment at the
time of analysis, with similar patterns of permanent
treatment discontinuation in the two treatment groups
(appendix p 12). The reasons for early discontinuation
were indicated as adverse events or side-effects for
706 (15%) of 4851 patients (333 [14%] of 2425 in the
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Events/patients

A

HR (95% CI)

p value*

0·31

Intermittent letrozole

Continuous letrozole

346/2425

319/2426

1·08 (0·93–1·26)

60/438

45/435

1·35 (0·92–1·99)

Disease-free survival

All patients

0·38

Actual previous endocrine therapy
SERMs only
Both SERMs and AIs

146/979

132/977

1·10 (0·87–1·39)

AIs only

140/1008

142/1014

0·98 (0·78–1·24)

214/2425

217/2426

0·98 (0·81–1·18)

41/438

32/435

1·30 (0·82–2·06)

B

Breast cancer-free interval

All patients
SERMs only
Both SERMs and AIs

84/979

83/977

1·00 (0·74–1·36)

AIs only

89/1008

102/1014

0·87 (0·65–1·15)

159/2425

179/2426

0·88 (0·71–1·09)

31/438

25/435

1·26 (0·74–2·13)

Both SERMs and AIs

63/979

66/977

0·95 (0·67–1·34)

AIs only

65/1008

88/1014

0·73 (0·53–1·01)

146/2425

170/2426

0·85 (0·68–1·06)

SERMs only

29/438

20/435

1·44 (0·82–2·55)

Both SERMs and AIs

65/979

70/977

0·91 (0·65–1·28)

AIs only

52/1008

80/1014

0·66 (0·46–0·93)

C

Distant recurrence-free interval

All patients
SERMs only

0·25
0·20

Actual previous endocrine therapy

D

0·84
0·34

Actual previous endocrine therapy

Overall survival

All patients

0·16
0·061

Actual previous endocrine therapy

0·5

0·75
Favours intermittent
letrozole

1

1·5

2

Favours continuous
letrozole

Figure 3: Primary and secondary efficacy endpoints, in all patients and by type of previous endocrine therapy
Cox proportional-hazards models were used for the comparisons of (A) disease-free survival, (B) breast cancer-free interval, (C) distant recurrence-free interval, and
(D) overall survival, according to type of previous endocrine therapy. The vertical dashed lines represent the overall HR estimate for each endpoint. The size of the
squares is inversely proportional to the standard error of the HR. HR=hazard ratio. SERMS=selective oestrogen receptor modulators. AIs=aromatase inhibitors. *The
p values for the comparisons in all patients were from stratified log-rank tests; the p values for the assessment of treatment-effect heterogeneity were from tests of
treatment by previous endocrine therapy interaction.

intermittent letrozole group vs 373 [15%] of 2426 in the
continuous letrozole group) and as patient’s decision for
327 (7%) patients (173 [7%] vs 154 [6%]). In patients
assigned to intermittent letrozole who initiated
treatment, 2020 (84%) of 2417 patients interrupted
letrozole use during year 1, 1877 (89%) of 2115 interrupted
letrozole use in year 2, 1747 (89%) of 1955 interrupted
letrozole use in year 3, and 1599 (87%) of 1831 interrupted
letrozole use in year 4 according to protocol (ie, every
9 months [within a month of either side] since
randomisation, with discontinuation lasting for 3 months
[within 0·5 months of this duration]; the denominator is
the number of patients on protocol treatment at the
beginning of the respective year). At the end of each
scheduled interruption, 1981 (98%) of 2020 in year 1,
1827 (97%) of 1877 in year 2, 1693 (97) of 1747 in year 3,
and 1460 (91%) of 1599 in year 4 resumed treatment
according to protocol. Non-protocol interruptions were
similar in the two groups (appendix pp 12, 13).

The profile of adverse events was as expected for
letrozole and was similar between the two groups.
Targeted adverse events of grade 3 or worse, as
characterised by the worst grade during the 5-year
treatment period, were reported for 876 (36·2%; 95% CI
34·3–38·2) of 2417 patients who received intermittent
letrozole compared with 833 (34·5%; 32·7–36·5) of
2411 who received continuous letrozole (table 2). Evidence
of osteopenia or osteoporosis (T-score less than –1) was
reported in 1146 (47·5%; 95% CI 45·5–49·5) of
2417 patients who received intermittent letrozole versus
1130 (46·9%; 44·9–48·9) of 2411 patients who received
continuous letrozole; and fractures of any cause were
reported for 198 (8·2%; 7·2–9·4) versus 214 (8·9%;
7·8–10·1).
The most common grade 3–5 targeted adverse events
were hypertension (584 [24%] of 2417 patients in the
intermittent letrozole group vs 517 [21%] of 2411 patients
in the continuous letrozole group) and arthralgia
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Intermittent letrozole 2425 (0)

Continuous letrozole
Intermittent letrozole
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2

3
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2318 (64)
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2247 (87)
2253 (85)

2153 (122)
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5

6

1889 (363) 1024 (1209) 510 (1717)
1884 (373) 995 (1241) 503 (1720)

B

Distant recurrence-free interval (%)

100

80

60

40

20

0

HR 0·88 (95% CI 0·71–1·09); p=0·25
0

Number at risk
(number censored)
Continuous letrozole 2426 (0)
Intermittent letrozole 2425 (0)

1

2

3

4

2329 (65)
2346 (46)

2265 (89)
2266 (87)

2174 (126)
2196 (127)

5

1912 (372) 1037 (1227)
1916 (382) 1019 (1267)

6
521 (1742)
514 (1763)

C

100

Overall survival (%)

80

60

40

20

0

HR 0·85 (95% CI 0·68–1·05); p=0·16

0
Number at risk
(number censored)
Continuous letrozole 2426 (0)
Intermittent letrozole 2425 (0)
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1
2376 (41)
2393 (27)

2
3
4
Time since randomisation (years)
2348 (55)
2347 (48)

2293 (80)
2299 (71)

5

2018 (317) 1093 (1205)
2018 (319) 1076 (1239)

(136 [6%] vs 151 [6%]). Grade 3–5 CNS cerebrovascular
ischaemia was reported in 54 patients overall (24 [1%] in
the intermittent letrozole group vs 30 [1%] in the
continuous letrozole group), CNS haemorrhage in
16 (nine [<1%] vs seven [<1%]), and cardiac ischaemia in
40 (19 [1%] vs 21 [1%]). In total, 23 (<1%) of 4851 patients
died while on trial treatment (13 [<1%] of 2417 patients in
the intermittent letrozole group vs ten [<1%] of 2411 in
the continuous letrozole group), although a clear
relationship with the treatment cannot be established.
Of the 4851 patients in the intention-to-treat population,
956 were enrolled in the prospectively planned quality-oflife substudy at 61 centres in nine countries between
Dec 5, 2007, and July 26, 2012. One patient in the
intermittent letrozole group had quality-of-life data
completely missing and was thus excluded from the
quality-of-life analysis; therefore, the final number of
patients analysed in the quality-of-life substudy was
955 (455 in the continuous letrozole group and 500 in the
intermittent letrozole group). Patients who participated
in the quality-of-life substudy tended to be younger
women, more often premenopausal at diagnosis, than
those who did not participate (median age 58 years
[IQR 53–66] vs 60 years [54–67]; 255 [27%] of 955 who
participated vs 869 [22%] of 3896 who did not participate)
and were more likely to have received previous SERMs
only rather than aromatase inhibitors only or both of
these therapies (254 [27%] of 955 vs 619 [16%] of 3896).
The distributions of disease characteristics were similar
between those who participated and those who did not
(data not shown).
Changes in patient-reported symptoms and quality-oflife indicators between baseline and 12 months—ie, at
the end of the first interruption in patients assigned
intermittent letrozole—were small but showed a
consistent pattern of less worsening in quality of life in
those assigned to the intermittent letrozole group than in
those assigned to the continuous letrozole group.
Patients receiving intermittent letrozole reported
significantly less worsening in vaginal problems
(between-group difference in mean change score from
baseline was 4 [95% CI 1–8]; p=0·017), musculoskeletal
pain (3 [0–6]; p=0·023), sleep disturbance (5 [1–9];
p=0·0073), physical wellbeing (4 [1–8]; p=0·0080), and
mood (4 [0–7]; p=0·026) than those receiving continuous
letrozole. At 24 months (ie, after the second interruption),
patients in the intermittent letrozole group reported a
greater improvement in hot flushes (3 [95% CI 0–6];
p=0·025) than those assigned continuous letrozole.
Changes in the other quality-of-life endpoints did not
differ significantly between the treatment groups at
24 months (data not shown).

6
548 (1728)
536 (1759)

Figure 4: Breast cancer-free interval (A), distant recurrence-free interval (B),
and overall survival (C) after median follow-up of 60 months
HR=hazard ratio.
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Continuous letrozole (n=2411)
Grade 1–2
Hot flushes

Grade 3

Intermittent letrozole (n=2417)
Grade 4

Grade 5

Grade 3

Grade 4

Grade 5

1240 (51%)

70 (3%)

··

1217 (50%)

59 (2%)

··

··

983 (41%)

59 (2%)

0

··

961 (40%)

52 (2%)

0

··

1025 (43%)

58 (2%)

0

··

954 (39%)

47 (2%)

1 (<1%)

··

148 (6%)

65 (3%)

1 (<1%)

0

136 (6%)

60 (2%)

2 (<1%)

0

1113 (46%)

17 (<1%)

0

0

1119 (46%)

26 (1%)

1 (<1%)

0

841 (35%)

54 (2%)

0

··

818 (34%)

51 (2%)

1 (<1%)

··

Arthralgia

1506 (62%)

151 (6%)

0

··

1453 (60%)

131 (5%)

5 (<1%)

··

Bone pain

634 (26%)

57 (2%)

1 (<1%)

··

613 (25%)

44 (2%)

2 (<1%)

··

Depression

767 (32%)

49 (2%)

4 (<1%)

1 (<1%)

762 (32%)

53 (2%)

8 (<1%)

0

1 (<1%)

8 (<1%)

10 (<1%)

13 (<1%)

1 (<1%)

Insomnia
Fatigue
Fractures
Osteoporosis
Myalgia

CNS cerebrovascular ischaemia
CNS haemorrhage
Hypertension
Cardiac ischaemia
Thrombosis or embolism

··

Grade 1–2

11 (<1%)

17 (<1%)

12 (<1%)

4 (<1%)

6 (<1%)

1 (<1%)

0

4 (<1%)

6 (<1%)

2 (<1%)

1 (<1%)

539 (22%)

511 (21%)

6 (<1%)

0

493 (20%)

579 (24%)

5 (<1%)

0

15 (<1%)

16 (<1%)

5 (<1%)

0

23 (<1%)

10 (<1%)

7 (<1%)

2 (<1%)

8 (<1%)

11 (<1%)

7 (<1%)

0

9 (<1%)

14 (<1%)

6 (<1%)

0

Data are frequency (%) of patients. ··=grades 4 or 5 of these adverse events do not exist.

Table 2: Maximum grade of targeted adverse events reported during the 5-year treatment period

Discussion
Contrary to previous findings in animal models, our
study showed that intermittent letrozole use did not
improve disease-free survival compared with continuous
letrozole use when given as extended adjuvant therapy in
postmenopausal women with hormone receptor-positive
early breast cancer.
The outcome of this trial might be partly related to the
short period of interruption of letrozole use chosen. The
3 months interruption after 9 months of therapy was
selected arbitrarily, although based on several clinical and
preclinical observations. Long-term oestradiol and
oestrone suppression has been recorded after a single
administration of letrozole in healthy postmenopausal
women.15 In these women, oestradiol suppression was
maintained for 2 weeks after a single dose of letrozole.
Moreover, the response to letrozole discontinuation of
breast tumours transplanted into athymic mice was
observed after 6 weeks of treatment interruption, when
treatment was started again.6 Finally, a clinical effect of
high-dose oestrogen therapy following exhaustive
anti-hormonal therapy has been noted after 3 months of
treatment in postmenopausal patients with advanced
breast cancer.16 We also noted that 11–16% of patients each
year in the intermittent letrozole group did not interrupt
therapy at the appropriate time or duration in years 1–4
according to protocol; although 85–90% adherence with
endocrine therapy is very high, missed interruptions
would have the effect of making the two groups more
similar than they should be. The median 60 months of
follow-up might also have contributed to these findings
because it might not be long enough, and continued
follow-up of the SOLE trial is ongoing.
Two trials have previously tested the use of extending
letrozole from 5 years to 10 years of adjuvant treatment
6

with aromatase inhibitors. In the MA.17R trial,3 a
beneficial effect of letrozole versus placebo was recorded,
with improvement in disease-free survival and a
favourable toxicity profile. However, the patient
population differed to that in the present study because
around 80% of participants in MA.17R had received
tamoxifen before letrozole. The NRG Oncology/NSABP
B-42 trial4 did not meet its primary endpoint of improved
disease-free survival with extended letrozole, although
significant improvements in breast cancer-free interval
and distant recurrence-free interval were recorded.
Extended use of letrozole did not increase the risk of
osteoporotic fractures, but the risk of arterial thrombotic
events was increased after 2·5 years of extended
treatment in the NSABP B-42 trial.4 These results suggest
that extended letrozole treatment only provides a small
amount of benefit that needs to be weighed against
increased side-effects.
Previous trials3,4 evaluating extended adjuvant
letrozole treatment included women with both lymph
node-negative and lymph node-positive disease, all of
whom were free of breast cancer after adjuvant
endocrine therapy. The present study, the largest on
extended adjuvant therapy involving an aromatase
inhibitor, differs from those previously mentioned in
that it focuses exclusively on an initially node-positive
population. Despite this selection criterion, in the
current event-based analysis, after a median follow-up
of 60 months only 14% of patients had disease-free
survival events and only 9% had breast cancer events. In
retrospect, a major limitation of our trial was probably
the use of a classical disease-free survival definition,
including both breast cancer and non-breast cancer
events, as a substantial number of non-breast cancer
events were recorded in both treatment groups,
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therefore interfering with the possibility to detect any
significant difference in disease-free survival between
treatment groups. Caution should be heeded not to
compare the 4-year or 5-year estimates of primary
endpoints between this trial and previous trials because
the endpoints differ in their definitions of events;
however, the use of different endpoints does not in itself
bias the estimates of treatment effect.
Another key difference across trials evaluating extended
adjuvant letrozole is the age distribution of participants.
The most apparent reason for heterogeneity of age is the
eligibility for previous endocrine therapy: those trials
requiring previous aromatase inhibitor therapy would
involve older patients because they would have been
postmenopausal at diagnosis, whereas those trials
allowing previous aromatase inhibitors or SERMs
probably contain younger patients because patients who
are premenopausal and have received 5 years of SERMs
are eligible. The role of age and previous endocrine
therapy in relation to the heterogeneity of the extended
adjuvant endocrine therapy trial results should be
investigated in a meta-analysis.
The SOLE study investigated extended letrozole use
in three patient cohorts defined by previous adjuvant
endocrine therapy. Randomisation was stratified
according to use of SERMs only, aromatase inhibitors
only, or both SERMs and aromatase inhibitors during
the first 4–6 years of endocrine therapy. For the
2022 postmenopausal women receiving up-front
treatment with aromatase inhibitors only, our subgroup
analysis showed that the extension with intermittent
letrozole to 10 years had a pattern towards reduced risk
of breast cancer events and death compared with the
continuous administration of letrozole. By contrast, no
such effect was observed for intermittent letrozole in the
cohort that had received both SERMs and aromatase
inhibitors, and a trend to a detrimental effect was noted
in patients who had previously received SERMs only.
Based on preclinical data, the driver of the change in
oestradiol function has been postulated to be prolonged
oestrogen deprivation, as is the case in patients on
previous treatment with aromatase inhibitors only,
rather than extensive anti-hormonal therapy.17 Moreover,
a specific adaptation to oestrogen deprivation induced by
letrozole has been shown in animal models that can
explain the resistance to aromatase inhibitors and the
results observed in the SOLE trial according to previous
endocrine therapy. In particular, studies done on cells
isolated from tumours treated with letrozole for a
prolonged time showed a change in the balance of
growth factors’ cascade during letrozole use and a
restoration to hormonal signalling when the aromatase
inhibitor was withdrawn.18,19 Caution is required in the
interpretation of these subgroup analyses because,
despite the consistent trend across endpoints, the
interactions between previous endocrine therapy and
treatment assignment were not significant. However,
10

the results do support the safety of a pause in the
treatment in patients whose previous adjuvant therapy
included only an aromatase inhibitor.
Any risk reduction from extended adjuvant endocrine
therapy must be balanced with toxicities and effects on
quality of life. No significant differences in the targeted
adverse events were observed between the two treatment
groups, in particular for grade 3–5 adverse events. The
profiles of adverse events in both groups are in
agreement with findings from previous studies,3,4 with
no unexpected serious adverse events in either group.
Besides the absence of between-group differences with
respect to the side-effect profile, the overall quality-oflife assessment showed that intermittent administration
of letrozole had less worsening of symptoms and
quality-of-life indicators than did continuous
administration of letrozole. Although these changes
were not large, there was a consistent pattern in favour
of intermittent administration. These findings are
important for women with endocrine side-effects during
extended treatment. However, a limitation of the present
quality-of-life substudy is that the observed results
might not be generalisable because only 20% of patients
were selected to participate in this analysis, and
participants tended to be younger women who were
premenopausal at diagnosis and more often received
previous SERMs only (rather than aromatase inhibitors
only or both SERMs and aromatase inhibitors) as
compared with non-participants. The quality-of-life
analyses focused on the changes from baseline to
12 months and 24 months, immediately following the
interruption in the intermittent letrozole group;
additional quality-of-life data across the 6, 12, 18, and
24 months will be reported separately.
A notable finding from the SOLE trial is that the rates
of adherence to letrozole were similar for both groups,
and not inferior to results reported in other extended
adjuvant endocrine therapy trials, which might be
related to enrolment in these trials of patients who were
recurrence-free and had tolerated 4–6 years of previous
endocrine therapy. This finding supports the feasibility
of extended treatment with aromatase inhibitors
through different schedules, including intermittent
administration.20
Modelled analyses have indicated that extended
adjuvant letrozole is a cost-effective treatment option
when compared with no further treatment.21 However,
issues related to the costs of therapies in the adjuvant
setting are relevant both in low-income and high-income
countries.22 According to the recommendation for
10 years of endocrine therapy for many women, the cost
implications become even more relevant. The
intermittent use of letrozole might be an attractive
approach considering the reduced economic cost and
spared resources of 12 fewer months of treatment during
interruptions, possibly improving existing socioeconomic
disparities in patients with breast cancer.23
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From the current analysis, we conclude that extended
treatment with intermittent letrozole did not improve
disease-free survival versus treatment with continuous
letrozole. The safety, quality-of-life, and efficacy results
of the intermittent administration provide clinically
relevant information about extended adjuvant endocrine
therapy with letrozole and support the safety of this
option for temporary treatment breaks in selected
patients who might require them.
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