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Abstract

BACKGROUND—In the Suppression of Ovarian Function Trial (SOFT) and the Tamoxifen and 

Exemestane Trial (TEXT), the 5-year rates of recurrence of breast cancer were significantly lower 

among premenopausal women who received the aromatase inhibitor exemestane plus ovarian 

suppression than among those who received tamoxifen plus ovarian suppression. The addition of 

ovarian suppression to tamoxifen did not result in significantly lower recurrence rates than those 

with tamoxifen alone. Here, we report the updated results from the two trials.

METHODS—Premenopausal women were randomly assigned to receive 5 years of tamoxifen, 

tamoxifen plus ovarian suppression, or exemestane plus ovarian suppression in SOFT and to 

receive tamoxifen plus ovarian suppression or exemestane plus ovarian suppression in TEXT. 

Randomization was stratified according to the receipt of chemotherapy.

RESULTS—In SOFT, the 8-year disease-free survival rate was 78.9% with tamoxifen alone, 

83.2% with tamoxifen plus ovarian suppression, and 85.9% with exemestane plus ovarian 

suppression (P = 0.009 for tamoxifen alone vs. tamoxifen plus ovarian suppression). The 8-year 

rate of overall survival was 91.5% with tamoxifen alone, 93.3% with tamoxifen plus ovarian 

suppression, and 92.1% with exemestane plus ovarian suppression (P = 0.01 for tamoxifen alone 

vs. tamoxifen plus ovarian suppression); among the women who remained premenopausal after 

chemotherapy, the rates were 85.1%, 89.4%, and 87.2%, respectively. Among the women with 

cancers that were negative for HER2 who received chemotherapy, the 8-year rate of distant 

recurrence with exemestane plus ovarian suppression was lower than the rate with tamoxifen plus 

ovarian suppression (by 7.0 percentage points in SOFT and by 5.0 percentage points in TEXT). 

Grade 3 or higher adverse events were reported in 24.6% of the tamoxifenalone group, 31.0% of 

the tamoxifen–ovarian suppression group, and 32.3% of the exemestane–ovarian suppression 

group.

CONCLUSIONS—Among premenopausal women with breast cancer, the addition of ovarian 

suppression to tamoxifen resulted in significantly higher 8-year rates of both disease-free and 

overall survival than tamoxifen alone. The use of exemestane plus ovarian suppression resulted in 

even higher rates of freedom from recurrence. The frequency of adverse events was higher in the 

two groups that received ovarian suppression than in the tamoxifen-alone group. (Funded by Pfizer 

and others; SOFT and TEXT ClinicalTrials.gov numbers, NCT00066690 and NCT00066703, 

respectively.)
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ADJUVANT TREATMENT WITH TAMOXI-afen for 5 years reduces the recurrence of 

premenopausal estrogen-receptor–positive breast cancer, with increasing benefits for overall 

survival during 5 to 15 years of follow-up.1 Extending the duration of tamoxifen treatment to 

10 years further improves outcomes.2 The effect of adding ovarian suppression has been less 

certain.3 Among women with estrogen-receptor– positive tumors, those who are under the 

age of 35 years (who usually retain ovarian estrogen production despite chemotherapy) have 

a higher risk of recurrence than those who are 35 years of age or older.4,5

In 2003, the International Breast Cancer Study Group initiated two randomized trials, the 

Suppression of Ovarian Function Trial (SOFT) and the Tamoxifen and Exemestane Trial 

(TEXT), involving premenopausal women with hormone-receptor– positive early breast 

cancer. SOFT was designed to determine the value of adding ovarian suppression to 

tamoxifen and to determine the role of the aromatase inhibitor exemestane plus ovarian 

suppression. TEXT was designed to determine the value of exemestane as compared with 

tamoxifen in women treated with ovarian suppression.

After a median follow-up of 5.6 years, the primary results of SOFT did not show a 

significantly higher rate of disease-free survival with the addition of ovarian suppression to 

tamoxifen than with tamoxifen alone, although the addition of ovarian suppression reduced 

recurrence rates among women at increased risk for recurrence who received adjuvant 

chemotherapy.6 Results of the combined analysis of SOFT and TEXT after a median follow-

up of 5.7 years showed that exemestane plus ovarian suppression resulted in significantly 

higher rates of disease-free survival than the rates with tamoxifen plus ovarian suppression.7 

Here, we report results of a prespecified updated analysis of SOFT and the combined 

analysis of data from SOFT and TEXT8 after a median followup of 8 and 9 years, 

respectively. We also report on the subgroup of women with cancers that were negative for 

human epidermal growth factor receptor 2 (HER2), who made up the majority of patients 

enrolled in the two trials.

METHODS

PATIENTS

The trial designs and eligibility criteria in SOFT and TEXT have been described previously.
6–8 The two trials included women with documented premenopausal status and operable 

breast cancer that expressed estrogen or progesterone receptors in at least 10% of cells. The 

use of chemotherapy was optional. All the patients who were enrolled in TEXT underwent 

randomization within 12 weeks after definitive surgery, and if chemotherapy was received, it 

was initiated concurrently with ovarian suppression after randomization. The patients in 

SOFT who did not receive chemotherapy also underwent randomization within 12 weeks 

after definitive surgery. The patients in SOFT who received chemotherapy had received it 

previously, remained premenopausal, and underwent randomization within 8 months after 

completing chemotherapy, once a premenopausal estradiol level had been confirmed by a 

local laboratory.
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TRIAL DESIGNS

Women who were enrolled in SOFT were randomly assigned in a 1:1:1 ratio to receive 

tamoxifen at a dose of 20 mg daily, tamoxifen plus ovarian suppression, or exemestane at a 

dose of 25 mg daily plus ovarian suppression. Treatment was to be administered for 5 years 

from randomization. Ovarian suppression was achieved by a choice of triptorelin at a dose of 

3.75 mg by intramuscular injection every 28 days, bilateral oophorectomy, or ovarian 

irradiation.6 Patients receiving triptorelin could subsequently undergo oophorectomy or 

irradiation. Randomization was stratified according to receipt of previous chemotherapy, 

lymph-node status, and intended initial ovarian suppression method, if assigned.

Women who were enrolled in TEXT were randomly assigned in a 1:1 ratio to receive 

exemestane plus triptorelin or tamoxifen plus triptorelin for 5 years after randomization. 

Bilateral oophorectomy or ovarian irradiation was allowed after at least 6 months of receipt 

of triptorelin. Randomization was stratified according to the intended use of adjuvant 

chemotherapy and lymph-node status. The assessment of patients and recording of adverse 

events followed a regular schedule. (Details regarding the assessments are provided in the 

trial protocol and in the Supplementary Appendix, both available with the full text of this 

article at NEJM.org.)

PRIMARY AND SECONDARY END POINTS

In the two trials, the primary end point in the time-to-event analysis was disease-free 

survival, which was defined as survival free of the first occurrence of one of the following: 

invasive recurrence of breast cancer (local, regional, or distant), invasive contralateral breast 

cancer, a second (nonbreast) invasive cancer, or death without recurrence or a second cancer. 

Key secondary end points were the interval without breast cancer (defined as the time from 

randomization to the recurrence of local, regional, or distant invasive breast cancer or 

invasive contralateral breast cancer), the interval from randomization to the recurrence of 

breast cancer at a distant site, and overall survival, which was defined as the time from 

randomization until death from any cause.

ADVERSE EVENTS

We systematically queried for 22 targeted adverse events and collected other adverse events 

of grade 3 or higher using the Common Terminology Criteria for Adverse Events, version 

3.0.9 The assessment of patients and systematic recording of the 22 targeted adverse events 

followed a regular schedule.

TRIAL OVERSIGHT

SOFT and TEXT were coordinated by the International Breast Cancer Study Group, which 

was responsible for the trial designs, data collection, management, and analysis. The ethics 

committee at each participating center approved the trial protocol, and all the patients 

provided written informed consent. Pfizer and Ipsen, the respective manufacturers of 

exemestane and triptorelin, donated the drugs used in the trials; neither company had any 

role in the conduct of the trials or in the analyses of the data. The tamoxifen that was used in 

the trials was provided by prescription. The manuscript was written solely by the authors, 

who vouch for the data and analyses reported and fidelity of the trials to the protocols. The 

Francis et al. Page 4

N Engl J Med. Author manuscript; available in PMC 2019 January 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.NEJM.org


steering committee (which included employees of Pfizer and Ipsen) reviewed the manuscript 

and made the decision to submit it for publication.

STATISTICAL ANALYSIS

The original and amended statistical analysis plans for SOFT and TEXT have been 

described previously.8 The test for the superiority of tamoxifen plus ovarian suppression 

over tamoxifen alone was the primary analysis in SOFT (calculated with a two-sided alpha 

level of 0.05), and the comparison between exemestane plus ovarian suppression and 

tamoxifen alone was a secondary objective (calculated as an estimate and 95% confidence 

interval, without a statistical test).6 An analysis of the combined data from SOFT and TEXT 

was performed to compare exemestane plus ovarian suppression with tamoxifen plus ovarian 

suppression with a two-sided alpha level of 0.05.7

Analyses were performed according to the intention-to-treat principle, with the calculation 

of Kaplan–Meier estimates of time-to-event end points. In SOFT, we used stratified log-rank 

tests to compare tamoxifen plus ovarian suppression with tamoxifen alone, with 

stratification according to receipt or nonreceipt of previous chemotherapy and lymph-node 

status. In the combined analysis of data from SOFT and TEXT, we compared exemestane 

plus ovarian suppression with tamoxifen plus ovarian suppression, with stratification 

according to trial, receipt or nonreceipt of chemotherapy, and lymph-node status. We used 

stratified Cox proportional-hazards regression to estimate hazard ratios and 95% confidence 

intervals. The heterogeneity of the treatment effect according to subgroup was investigated 

by means of tests of treatment–covariate interaction; P values for these tests were not 

adjusted for multiple comparisons. Analyses that focused on the HER2-negative population 

include estimates and 95% confidence intervals, which were not adjusted for multiple 

comparisons, so inferences should be viewed as preliminary.

RESULTS

PATIENTS

From December 2003 through January 2011, we randomly assigned 1021 premenopausal 

women to receive tamoxifen alone, 1024 to receive tamoxifen plus ovarian suppression, and 

1021 to receive exemestane plus ovarian suppression in SOFT. After exclusions, 3047 

women were included in the intention-to-treat population for the two pairwise comparisons 

of tamoxifen alone versus tamoxifen plus ovarian suppression and exemestane plus ovarian 

suppression (Fig. 1, and Fig. S1 in the Supplementary Appendix). A total of 1628 patients 

(53.4%) had received chemotherapy before randomization (Table 1). The median age of the 

patients who had received chemotherapy was 40 years, as compared with a median age of 46 

years among those who had not received chemotherapy. Node-positive disease was present 

in 34.5% of the patients. The majority of the patients (84.9%) had HER2-negative tumors.

From November 2003 through April 2011, we randomly assigned 1338 premenopausal 

women to receive exemestane plus ovarian suppression and 1334 to receive tamoxifen plus 

ovarian suppression in TEXT. After exclusions, 2660 women were included in the intention-

to-treat population. A total of 1607 patients (60.4%) received chemotherapy after 
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randomization (Table 1). After exclusions, 4690 women were included in the combined 

SOFT and TEXT intention-to-treat population for the comparison between exemestane plus 

ovarian suppression and tamoxifen plus ovarian suppression (Fig. 1, and Fig. S5 in the 

Supplementary Appendix). HER2-negative disease was present in 86.0% of the patients in 

the combined population.

For the updated analyses, 87.5% of all the patients in SOFT and TEXT had clinical follow-

up data, and 4.4% had national registry–based follow-up only. The numbers of patients who 

withdrew consent or were lost to follow-up were similar across the treatment groups (Figs. 

S1 and S5 in the Supplementary Appendix).

EFFICACY OF OVARIAN SUPPRESSION IN SOFT

After a median follow-up of 8 years, the 8-year rate of disease-free survival was 83.2% 

among patients assigned to receive tamoxifen plus ovarian suppression and 78.9% among 

those assigned to receive tamoxifen alone (hazard ratio for recurrence, a second invasive 

cancer, or death, 0.76; 95% confidence interval [CI], 0.62 to 0.93; P = 0.009), for a 

difference of 4.2 percentage points (Fig. 2A, and Table S1 in the Supplementary Appendix). 

Among the patients who were assigned to receive exemestane plus ovarian suppression, the 

rate of diseasefree survival was 85.9%, a difference of 7.0 percentage points over tamoxifen 

alone (hazard ratio, 0.65; 95% CI, 0.53 to 0.81) (Fig. 2A). Of 518 first events, 279 (53.9%) 

involved distant sites, 51 (9.8%) were invasive contralateral breast cancers, 105 (20.3%) 

involved locoregional sites, and the remaining 83 events (16.0%) involved second 

(nonbreast) cancers or deaths from other causes (Table S2 in the Supplementary Appendix). 

No evidence of heterogeneity of relative treatment effect according to previous receipt or 

nonreceipt of chemo-therapy was noted (Fig. 2B and 2C). Recurrences were more frequent 

in the patients who had received chemotherapy, with an 8-year rate of disease-free survival 

in this cohort of 71.4% among patients assigned to receive tamoxifen alone, 76.7% among 

those assigned to receive tamoxifen plus ovarian suppression, and 80.4% among those 

assigned to receive exemestane plus ovarian suppression, differences as compared with 

tamoxifen alone of 5.3 and 9.0 percentage points, respectively (Fig. 2C).

In subgroup analyses, the only notable heterogeneity of treatment effect was according to 

HER2 status (Fig. S2A in the Supplementary Appendix). The results suggested a greater 

benefit from the addition of ovarian suppression to tamoxifen, as compared with tamoxifen 

alone, among women with HER2-positive disease (hazard ratio for recurrence, a second 

invasive cancer, or death, 0.41; 95% CI, 0.22 to 0.75) than among those with HER2-negative 

disease (hazard ratio, 0.83; 95% CI, 0.67 to 1.04; P = 0.04 for interaction) (Fig. 3). The 

estimates of relative treatment effect with exemestane plus ovarian suppression as compared 

with tamoxifen alone were similar for HER2-positive and HER2-negative disease (P = 0.44 

for interaction) (Fig. 3, and Fig. S2B in the Supplementary Appendix). Among the patients 

who received chemotherapy for HER2-negative tumors, the rate of disease-free survival at 8 

years was 71.9% among the patients assigned to receive tamoxifen alone, 73.9% among 

those assigned to receive tamoxifen plus ovarian suppression, and 83.1% among those 

assigned to receive exemestane plus ovarian suppression, differences of 2.0 and 11.2 

percentage points, respectively, as compared with tamoxifen alone.
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Recurrence of breast cancer at a distant site was reported in 306 of 3047 patients (10.0%) in 

SOFT. The addition of ovarian suppression to tamoxifen did not result in a significantly 

lower rate of distant recurrence than that with tamoxifen alone (hazard ratio for recurrence, 

0.86; 95% CI, 0.66 to 1.13; P = 0.28). The rate of distant recurrence was lower among 

patients assigned to receive exemestane plus ovarian suppression than among those assigned 

to receive tamoxifen alone (hazard ratio, 0.73; 95% CI, 0.55 to 0.96) (Fig. 4A). Most distant 

recurrences occurred in patients who had received chemotherapy (Fig. 4C). The 8-year rate 

of freedom from distant recurrence in this cohort was 80.0% among patients assigned to 

receive tamoxifen alone, 82.1% among those assigned to receive tamoxifen plus ovarian 

suppression, and 84.5% among those assigned to receive exemestane plus ovarian 

suppression. Among patients who received chemotherapy for HER2-negative tumors, the 8-

year rate of freedom from distant recurrence was 80.8% among patients assigned to receive 

tamoxifen alone, 79.8% among those assigned to receive tamoxifen plus ovarian 

suppression, and 86.8% among those assigned to receive exemestane plus ovarian 

suppression.

Death was reported in 225 patients (7.4%), and 9 deaths occurred without a preceding 

cancerassociated event (Tables S2C and S3 in the Supplementary Appendix). The rate of 

overall survival in SOFT at 8 years was significantly higher with tamoxifen plus ovarian 

suppression (93.3%; 95% CI, 91.4 to 94.8) than with tamoxifen alone (91.5%; 95% CI, 89.4 

to 93.2) (hazard ratio for death, 0.67; 95% CI, 0.48 to 0.92; P = 0.01) (Fig. 4B). The rate of 

overall survival among patients assigned to receive exemestane plus ovarian suppression was 

92.1% (95% CI, 90.0 to 93.7) (hazard ratio for death vs. tamoxifen, 0.85; 95% CI, 0.62 to 

1.15). Most deaths occurred in patients who had received chemotherapy. The rate of overall 

survival at 8 years in the chemotherapy cohort was 89.4% among patients assigned to 

receive tamoxifen plus ovarian suppression and 85.1% among those assigned to receive 

tamoxifen alone (hazard ratio for death, 0.59; 95% CI, 0.42 to 0.84). In this cohort, the rate 

of overall survival among those assigned to receive exemestane plus ovarian suppression was 

87.2% (hazard ratio for death vs. tamoxifen, 0.79; 95% CI, 0.57 to 1.09) (Fig. 4D). Among 

the patients who had received previous chemotherapy for HER2-negative tumors, the 8-year 

overall survival rate was 85.2% among patients assigned to receive tamoxifen alone, 87.7% 

among those assigned to receive tamoxifen plus ovarian suppression (hazard ratio for death 

vs. tamoxifen, 0.70; 95% CI, 0.48 to 1.02), and 88.7% among those assigned to receive 

exemestane plus ovarian suppression (hazard ratio for death vs. tamoxifen, 0.71; 95% CI, 

0.49 to 1.05).

Among patients in SOFT who did not receive chemotherapy, 23.2% of the first disease-free 

survival events were contralateral breast cancers (Table S2 in the Supplementary Appendix). 

The 8-year rate of freedom from breast cancer in this cohort was 91.4% (95% CI, 87.8 to 

94.0) among patients assigned to receive tamoxifen alone, 93.6% (95% CI, 90.9 to 95.6) 

among those assigned to receive tamoxifen plus ovarian suppression, and 95.4% (95% CI, 

92.8 to 97.1) among those assigned to receive exemestane plus ovarian suppression (Fig. 

S3A in the Supplementary Appendix). There were 26 distant recurrences; 12 of 24 deaths in 

this cohort (50%) occurred in the absence of distant recurrence, with more than 97% of the 

patients free of distant recurrence and alive in each treatment group at 8 years (Table S3 and 

Fig. S3B in the Supplementary Appendix).
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EFFICACY OF EXEMESTANE OR TAMOXIFEN WITH OVARIAN SUPPRESSION

After a median follow-up of 9 years of the 4690 patients in the combined population 

enrolled in TEXT and SOFT whose protocol-assigned therapy included ovarian suppression 

(Fig. 1, and Fig. S5 in the Supplementary Appendix), 720 patients (15.4%) had disease 

recurrence, had a second invasive cancer, or had died. The 8-year diseasefree survival rate 

was 86.8% among patients assigned to receive exemestane plus ovarian suppression and 

82.8% among those assigned to receive tamoxifen plus ovarian suppression, a difference of 

4.0 percentage points (hazard ratio for recurrence, a second invasive cancer, or death, 0.77; 

95% CI, 0.67 to 0.90; P<0.001) (Fig. 5A, and Table S5 in the Supplementary Appendix). In 

subgroup analyses, the only heterogeneity of treatment effect was according to HER2 status 

(Fig. S6 in the Supplementary Appendix). Among the patients with HER2-negative tumors, 

the 8-year disease-free survival rate was 88.1% among patients assigned to receive 

exemestane plus ovarian suppression and 82.7% among those assigned to receive tamoxifen 

plus ovarian suppression, a difference of 5.4 percentage points (hazard ratio, 0.70; 95% CI, 

0.60 to 0.83) (Fig. 6).

The recurrence of breast cancer at a distant site was reported in 433 patients (9.2%). The 8-

year rate of freedom from distant recurrence was 91.8% among patients assigned to receive 

exemestane plus ovarian suppression and 89.7% among those assigned to receive tamoxifen 

plus ovarian suppression, a difference of 2.1 percentage points (hazard ratio for recurrence, 

0.80; 95% CI, 0.66 to 0.96; P = 0.02) (Fig. 5B). Among patients with HER2-negative 

tumors, the 8-year rate of freedom from distant recurrence was 93.0% among patients 

assigned to receive exemestane plus ovar-ian suppression and 89.6% among those assigned 

to receive tamoxifen plus ovarian suppression, a difference of 3.5 percentage points (hazard 

ratio for recurrence, 0.69; 95% CI, 0.56 to 0.85) (Fig. 6). The majority of distant recurrences 

(87.8%) occurred among patients who had received chemotherapy (Fig. S7B in the 

Supplementary Appendix). In the combined population, more than 96% of the patients who 

did not receive chemotherapy were free from distant recurrence at 8 years in each treatment 

group (Fig. S7C in the Supplementary Appendix). In the HER2-negative chemotherapy 

cohorts, the 8-year rate of freedom from distant recurrence was higher among those assigned 

to receive exemestane plus ovarian suppression than among those assigned to receive 

tamoxifen plus ovarian suppression (by 7.0 percentage points in SOFT and 5.0 percentage 

points in TEXT) (Fig. 6).

In the combined analysis, 320 patients (6.8%) had died after a median follow-up of 9 years. 

The rate of overall survival at 8 years was 93.4% among patients assigned to receive 

exemestane plus ovarian suppression and 93.3% among those assigned to receive tamoxifen 

plus ovarian suppression (hazard ratio for death, 0.98; 95% CI, 0.79 to 1.22; P = 0.84) (Fig. 

5C); among those with HER2-negative tumors, the corresponding rates were 94.1% and 

93.4% (hazard ratio for death, 0.86; 95% CI, 0.68 to 1.10) (Fig. 6). Death without a 

preceding cancer-associated event was reported in 4 patients assigned to receive exemestane 

plus ovarian suppression and in 8 patients assigned to receive tamoxifen plus ovarian 

suppression (Table S6 in the Supplementary Appendix).
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TREATMENT AND ADVERSE EVENTS

Early discontinuation of assigned oral endocrine therapy, with or without alternative therapy, 

occurred in 22.5% of the tamoxifen group in SOFT, 19.3% of the combined tamoxifen–

ovarian suppression group, and 23.7% of the combined exemestane–ovarian suppression 

group (Tables S4 and S8 in the Supplementary Appendix). The rate of early cessation of 

ovarian suppression by triptorelin without substitution of ovarian ablation was 19.0% in the 

combined population and was similar between the groups (Table S8 in the Supplementary 

Appendix).Targeted adverse events of grade 3 or higher were reported in 24.6% of the 

tamoxifen group in SOFT, 31.0% of the combined tamoxifen–ovarian suppression group, 

and 32.3% of the combined exemestane–ovarian suppression group (Table 2). Thrombosis or 

embolism of any grade was reported in 2.2% of the patients in the tamoxifenonly group, in 

2.3% of those in the tamoxifen– ovarian suppression group, and in 1.2% of those in the 

exemestane–ovarian suppression group. Musculoskeletal symptoms of grade 3 or 4 occurred 

in 6.7% of the patients in the tamoxifen group, in 5.7% of those in the combined tamoxifen–

ovarian suppression group, and in 11.4% of those in the combined exemestane–ovarian 

suppression group. Osteoporosis (defined as a T score of less than −2.5, which corresponds 

to a grade 2, 3, or 4 adverse event) was reported in 3.9% of the patients in the tamoxifen 

group, in 7.2% of those in the combined tamoxifen–ovarian suppression group, and in 

14.8% of those in the combined exemestane–ovarian suppression group. Vaginal dryness and 

dyspareunia were most frequent in the exemestane–ovarian suppression group. Hypertension 

and glucose problems were more frequent in the two ovarian-suppression groups than in the 

tamoxifen-only group.

DISCUSSION

In the previously reported results of SOFT, we found that the addition of ovarian suppression 

to adjuvant tamoxifen did not result in a significantly better rate of disease-free survival than 

tamoxifen alone after a median follow-up of 5.6 years.6 However, our updated analysis after 

a median follow-up of 8 years showed significantly higher rates of disease-free and overall 

survival with the addition of ovarian suppression to tamoxifen than with tamoxifen alone. 

Tamoxifen plus ovarian suppression resulted in a 24% lower relative risk of recurrence, a 

second invasive cancer, or death than tamoxifen alone (P = 0.009), which translated into an 

absolute difference of 4.2 percentage points in the rate of disease-free survival at 8 years. 

Exemestane plus ovarian suppression resulted in an even higher rate of disease-free survival, 

with a difference of 7.0 percentage points as compared with tamoxifen alone.

Our updated combined analysis of data from SOFT and TEXT showed that after a median 

follow-up of 9 years, treatment with exemestane plus ovarian suppression resulted in 

sustained and consistently higher rates of disease-free survival and freedom from distant 

recurrence than the rates with tamoxifen plus ovarian suppression. Among premenopausal 

women receiving ovarian suppression, the observed difference of 2.1 percentage points in 

freedom from distant recurrence at 8 years favoring an aromatase inhibitor over tamoxifen 

was similar to that observed in postmenopausal women treated with 5 years of aromatase 

inhibitors as compared with tamoxifen.10
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Given the side effects of ovarian suppression, the overall results of SOFT do not imply that 

this treatment should be prescribed for all premenopausal women with hormone-receptor–

positive early breast cancer. Although the relative treatment effects were similar regardless 

of receipt or nonreceipt of chemotherapy, the absolute benefits were larger in the cohort of 

patients who remained premenopausal after previous chemotherapy. These patients had 

higher-risk clinicopathological features, including a younger age (median, 40 years), which 

contributed to a higher risk of recurrence. In this cohort, the rate of disease-free survival 

observed with tamoxifen plus ovarian suppression was 5.3 percentage points higher than that 

with tamoxifen alone, and the rate was 9.0 percentage points higher with exemestane plus 

ovarian suppression. Improvements in overall survival are now evident at 8 years in SOFT 

among the women who had received chemotherapy and were assigned to receive ovarian 

suppression with either tamoxifen or exemestane, as compared with those assigned to 

receive tamoxifen alone.

Among the women receiving ovarian suppression, the benefits of exemestane over tamoxifen 

were also more clinically meaningful in those at increased risk for recurrence, with 

increased rates of disease-free survival among women who had received chemotherapy. 

Among the patients who received exemestane plus ovarian suppression in the chemotherapy 

cohorts, the rate of diseasefree survival was higher by 3.7 percentage points in SOFT and by 

6.0 percentage points in TEXT than the rate with tamoxifen plus ovarian suppression; the 

rates of freedom from distant recurrence were higher by 2.5 percentage points and 3.6 

percentage points, respectively. In the combined analysis of data from SOFT and TEXT 

involving all the women who had received ovarian suppression, no significant difference in 

8-year overall survival emerged according to whether they were assigned to receive 

exemestane or tamoxifen. Given the long natural history of breast cancer with hormone-

receptor positivity, conclusions regarding overall survival remain premature.

The majority of patients in the two trials had HER2-negative tumors, and for these women, 

the largest absolute difference in SOFT was seen with exemestane plus ovarian suppression, 

as compared with tamoxifen alone. In the SOFT HER2-negative chemotherapy cohort, 

absolute differences of 11.2 percentage points in disease-free survival and of 6.0 percentage 

points in freedom from distant recurrence favoring exemestane plus ovarian suppression 

were observed at 8 years. In the combined analysis of the HER2-negative population, the 8-

year rates of freedom from distant recurrence were higher among patients assigned to 

receive exemestane plus ovarian suppression than among those assigned to receive 

tamoxifen plus ovarian suppression (by 7.0 percentage points in SOFT and by 5.0 

percentage points in TEXT). Distant recurrence in a premenopausal woman has a great 

effect on her quality of life and on both personal and family fulfillment and is associated 

with a substantial economic burden.11 A more consistent benefit for aromatase inhibitors 

than for tamoxifen was also seen in patients with HER2-negative cancers in a metaanalysis 

of three randomized trials involving postmenopausal women that was conducted by the 

Translational Aromatase Inhibitor Overview Group, in which heterogeneous treatment 

effects were observed in patients with HER2-positive cancers.12

Since randomization in SOFT began in 2003, not all the patients with HER2-positive 

cancers received HER2-targeted therapy (60.1%). Heterogeneity in the treatment effect was 
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evident according to HER2 status. In particular, as compared with women who had HER2-

negative cancers, those with HER2-positive cancers in the SOFT chemotherapy cohort had 

greater benefit with tamoxifen plus ovarian suppression than tamoxifen alone and less 

benefit with exemestane plus ovarian suppression (Fig. 3, and Figs. S9 and 10 in the 

Supplementary Appendix).

Among the patients who did not receive chemotherapy, distant recurrence was reported in 26 

patients (1.8%) in SOFT and 37 patients (3.5%) in TEXT after a median follow-up of 8 

years and 9 years, respectively. This cohort in SOFT had low-risk clinicopathological 

features and had a higher rate of freedom from breast cancer with exemestane–ovarian 

suppression than with tamoxifen alone (by 4.0 percentage points) (Fig. S3A in the 

Supplementary Appendix). However, since intensification of adjuvant endocrine therapy was 

predominantly associated with lower risks of local, regional, and contralateral breast cancer 

events, tamoxifen alone remains an appropriate adjuvant therapy for these women. In TEXT, 

all the patients who had undergone randomization were assigned to receive ovarian 

suppression, and 20.7% of the TEXT cohort who did not receive chemotherapy had lymph-

node–positive disease. The combined comparison of ovarian suppression plus either an 

aromatase inhibitor or tamoxifen in SOFT and TEXT differs from the results of the Austrian 

Breast and Colorectal Cancer Study Group Trial 1213 in many ways; such differences may 

have partially resulted from the high percentage of patients in the Austrian trial (>85%) who 

did not receive chemotherapy (Table S10 in the Supplementary Appendix).

Women who receive the diagnosis of hormonereceptor–positive breast cancer before the age 

of 35 years are at particular risk for recurrence.4,5,14,15 On the basis of the primary findings 

in SOFT,6 guidelines were revised to include recommendations for the use of ovarian 

suppression in this age group.16–18 The 8-year results in this age group in SOFT showed that 

the rate of freedom from distant recurrence was 82.4% with exemestane plus ovarian 

suppression, 77.5% with tamoxifen plus ovarian suppression, and 73.8% with tamoxifen 

alone (differences of 8.6 percentage points and 3.7 percentage points, respectively) (Fig. S4 

in the Supplementary Appendix).

Potential benefits from ovarian suppression and aromatase inhibitors must be weighed 

against increased rates of acute19,20 and late toxic effects. Population studies involving 

women undergoing premenopausal bilateral oophorectomy without estrogen replacement 

have shown increased rates of subsequent side effects, including depression, hyperlipidemia, 

cardiovascular disease, diabetes, osteoporosis, and death from any cause.21–23 Such side 

effects may be treated with various strategies (e.g., the use of bisphosphonates to preserve 

bone density, which may also reduce cancer recurrence13). The toxicity profiles of 

exemestane plus ovarian suppression as compared with tamoxifen plus ovarian suppression 

remain similar to those seen in postmenopausal women. A greater proportion of women who 

were assigned to receive exemestane plus ovarian suppression had early discontinuation of 

oral endocrine therapy than those assigned to receive tamoxifen plus ovarian suppression 

(23.7% vs. 19.3%). In individual patients, clinicians are tasked with weighing side effects 

and the effect on quality of life19,20 associated with intensifying endocrine therapy against 

the risks of nonadherence and recurrence and the expected absolute improvement24 in 

disease outcome.
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Longer follow-up is planned for SOFT and TEXT, since data regarding survival and late 

adverse events are immature. In randomized trials of adjuvant endocrine therapy, maximal 

separation of Kaplan–Meier curves for overall survival has typically occurred more than 10 

years after randomization.1,2,25 In a recent study, distant recurrences continued to occur in 

the follow-up period from 5 to 20 years after diagnosis.26 After a median follow-up of 8 

years or 9 years, the effects of ovarian suppression and aromatase inhibitors may not yet be 

fully appreciated.

We conclude that adding ovarian suppression to tamoxifen resulted in significantly higher 

rates of disease-free survival among premenopausal women than the use of tamoxifen alone. 

Further improvement was seen with exemestane plus ovarian suppression. For patients who 

have HER2-negative cancers and are at increased risk for recurrence, the absolute benefits of 

exemestane plus ovarian suppression in reducing recurrence (particularly distant recurrence) 

make this combination worthy of use in clinical practice. In women who were deemed to be 

at sufficient risk for recurrence to receive adjuvant chemotherapy and who retained 

premenopausal estradiol status after chemotherapy, ovarian suppression resulted in clinically 

meaningful improvements in disease-free survival. Such patients who received ovarian 

suppression plus either tamoxifen or exemestane had higher rates of overall survival at 8 

years than those who received tamoxifen alone.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Randomization and Analyses in SOFT and TEXT.
SOFT denotes Suppression of Ovarian Function Trial, and TEXT Tamoxifen and 

Exemestane Trial.
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Figure 2 (facing page). Kaplan–Meier Estimates of Disease-free Survival after a Median Follow-
up of 8 Years in SOFT.
Shown are Kaplan–Meier estimates of the rates of disease-free survival in SOFT according 

to treatment assignment — tamoxifen alone (T), tamoxifen plus ovarian suppression (T–

OS), or exemestane plus ovarian suppression (E–OS) — among all the patients in the trial 

(Panel A) and according to chemotherapy status (Panels B and C). In Panel A, tamoxifen 

plus ovarian suppression resulted in a 24% lower relative risk of recurrence, a second 

invasive cancer, or death than tamoxifen alone (P = 0.009). In each panel, the 8-year data are 
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highlighted by a black vertical line. The hazard ratios are for disease recurrence, a second 

invasive cancer, or death.

Francis et al. Page 17

N Engl J Med. Author manuscript; available in PMC 2019 January 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. Disease-free Survival among All Patients and According to HER2 and Chemotherapy 
Status in SOFT.
Shown are hazard ratios and estimates of 8-year disease-free survival in SOFT comparing 

patients who received tamoxifen alone with those who received tamoxifen plus ovarian 

suppression (Panel A) and those who received exemestane plus ovarian suppression (Panel 

B), according to status with respect to HER2 (human epidermal growth factor receptor 2) 

and receipt of chemotherapy. The hazard ratios are for disease recurrence, a second invasive 

cancer, or death. In the comparison involving patients receiving tamoxifen plus ovarian 

suppression, there was significant interaction according to HER2 status (P = 0.04), but the 

interaction was not significant in the comparison involving those receiving exemestane plus 

ovarian suppression (P = 0.44). The 8-year values for disease-free survival are based on 

Kaplan–Meier estimates. The solid vertical lines at 0.76 in Panel A and at 0.65 in Panel B 

indicate the overall hazard-ratio estimates for the two comparisons. The comparisons for 

patients with HER2-positive disease are not presented according to receipt or nonreceipt of 

chemotherapy because the majority of these patients (86%) had received chemotherapy. 

Among the patients with HER2-negative disease, testing was not performed for interaction 

with chemotherapy status. Data are not shown for 95 patients with unknown HER2 status. 

The x axis is scaled according to the natural logarithm of the hazard ratio. The size of the 

squares is inversely proportional to the standard error of the hazard ratio.
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Figure 4. Kaplan–Meier Estimates of Freedom from Distant Recurrence and of Overall Survival 
in SOFT.
Shown are estimates of rates of freedom from distant recurrence and of overall survival after 

a median follow-up of 8 years in SOFT among all the patients in the trial (Panels A and B, 

respectively) and among those who had received chemotherapy before randomization 

(Panels C and D, respectively). The addition of ovarian suppression to tamoxifen did not 

result in a significantly lower rate of distant recurrence than that with tamoxifen alone (P = 

0.28), but the rate of overall survival was significantly higher (P = 0.01). In Panels A and C, 

the hazard ratios are for recurrence of breast cancer at a distant site; the hazard ratios in 

Panels B and D are for death. The 8-year values are based on Kaplan–Meier estimates of the 

time to an event. The estimates for patients who did not receive chemotherapy are provided 

in Figure S3B in the Supplementary Appendix; the rates were more than 97% in each 

treatment group for both end points.

Francis et al. Page 19

N Engl J Med. Author manuscript; available in PMC 2019 January 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. Kaplan–Meier Estimates of Disease-free Survival, Freedom from Distant Recurrence, 
and Overall Survival in the Combined SOFT and TEXT Population.
Shown are estimates of disease-free survival (Panel A), freedom from distant recurrence 

(Panel B), and overall survival (Panel C) among patients who received tamoxifen plus 

ovarian suppression (T–OS) and those who received exemestane plus ovarian suppression 

(E–OS) after a median follow-up of 9 years in the combined population. In each panel, the 

8-year data are highlighted by a black vertical line. The hazard ratio in Panel A is for disease 

recurrence, a second invasive cancer, or death. In Panels B and C, the hazard ratios are for 
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distant recurrence of breast cancer and for death, respectively. The 8-year values are based 

on Kaplan–Meier estimates of the time to an event.
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Figure 6. Estimates of Disease-free Survival, Freedom from Distant Recurrence, and Overall 
Survival among Patients with HER2-Negative Disease in the Combined SOFT and TEXT 
Population.
Shown are hazard ratios and estimates of disease-free survival, freedom from distant 

recurrence, and overall survival among patients with HER2-negative breast cancer who 

received tamoxifen plus ovarian suppression (OS) and those who received exemestane plus 

ovarian suppression in the combined SOFT and TEXT population, according to receipt or 

nonreceipt of chemotherapy. The solid vertical lines at 0.70, 0.69, and 0.86 indicate the 

overall hazard-ratio estimates for disease-free survival (hazard ratio for disease recurrence, a 

second invasive cancer, or death), freedom from distant recurrence (hazard ratio for 

recurrence), and overall survival (hazard ratio for death), respectively, as calculated by 

means of Cox proportional-hazards models. In the HER2-negative population, inference 

from the treatment comparisons should be viewed as preliminary, since no testing was 

performed for heterogeneity of the treatment effects across cohorts. The 8-year values are 

based on Kaplan–Meier estimates of the time to an event. The size of the squares is inversely 

proportional to the standard error of the hazard ratio. The median follow-up was 9 years in 

the combined SOFT and TEXT population. The r esults for patients with HER2-positive 

disease are provided in Figure S10 in the Supplementary Appendix.
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