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Abstract
The use and effectiveness of adjuvant ovarian function suppression (OFS) for stage I to III hormone receptor-
positive breast cancer is poorly characterized. In a multicenter retrospective cohort study of premenopausal
women, we found that the use of OFS increased after 2014 from 16% to 25% of patients, in 30% of whom it was
used in combination with aromatase inhibitors. Use of OFS improved overall survival.
Background: Ovarian function suppression (OFS) with tamoxifen or aromatase inhibitors (AIs) improves disease-free
survival in premenopausal women with breast cancer, mostly in those at higher risk of recurrence. However, its real-
world use and impact remain poorly understood. Patients and Methods: This is a multicenter retrospective cohort
study of premenopausal women with stage I to III hormone receptor-positive breast cancer diagnosed from 2006 to
2015 that aimed to look at the uptake and effectiveness of the addition of OFS to backbone endocrine therapy
(tamoxifen or AI). To deal with confounding, we used both multivariate modeling and propensity score matching.
Results: Of 1717 eligible patients, 17.1% were treated with OFS. There was a substantial increase of use of OFS over
time, especially from 2014 onward (16% vs. 25% after 2014), particularly for the combination with AI (0.4% vs. 8%
after 2014). In a multivariate model, only younger age and year of diagnosis � 2014 were associated with OFS uti-
lization (both P < .001). With a median follow-up of 38 months (P25-P75, 19.6-66.4 months), patients receiving OFS
had a better overall survival than those not receiving OFS (adjusted hazard ratio, 0.44; 95% confidence interval, 0.19-
0.96; absolute benefit at 5 years, 2.1% [95.3% vs. 93.2% in those not receiving OFS]). A similar benefit was identified
using propensity score matching. Conclusions: In the real-world setting, there was an increase in the use of OFS
after 2014. After 2014, one-quarter of premenopausal women received adjuvant OFS, of which more than 30%
received it in combination with an AI. In this study, the use of adjuvant OFS was associated with an overall survival
benefit.
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effectiveness
Introduction
Breast cancer (BC) is the most frequently diagnosed and the most

common cause of women’s cancer-related deaths in the European
Union, with an estimated incidence and death rate of approximately
108.8 and 22.4 cases per 100,000 women/year, respectively.1 The
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generalization of screening and the introduction of incrementally
more efficacious adjuvant treatments contributed substantially to
improve the outcomes of patients diagnosed with BC in the early
stages. For the two-thirds of patients with BC expressing the es-
trogen and/or progesterone receptors, collectively referred as
Submitted: Apr 1, 2019; Revised: May 17, 2019; Accepted: Jun 13, 2019; Epub: Jun
26, 2019

Address for correspondence: Arlindo R. Ferreira, MD, MSc, Hospital de Santa Maria,
Av. Prof. Egas Moniz, 1649-035, Lisbon, Portugal
E-mail contact: arlindo.ferreira@fundacaochampalimaud.pt

1526-8209/$ - see frontmatter ª 2019 Elsevier Inc. All rights reserved.
https://doi.org/10.1016/j.clbc.2019.06.003

http://crossmark.crossref.org/dialog/?doi=10.1016/j.clbc.2019.06.003&domain=pdf
mailto:arlindo.ferreira@fundacaochampalimaud.pt
https://doi.org/10.1016/j.clbc.2019.06.003


hormone receptor-positive (HReþ), the clinical utility of the use of
hormone-related therapies is well-established.2

In the subset of premenopausal women, tamoxifen has been the
mainstay of adjuvant endocrine therapy (ET) for more than 30
years.3,4 However, recent studies showed that intensifying treatment
with the combined use of ovarian function suppression (OFS) with
either tamoxifen or aromatase inhibitors (AIs) further improves
cancer outcomes.5-7 Particularly, results of the SOFT (Suppression
of Ovarian Function Trial) suggested that, after a median follow-up
of 8 years and compared with tamoxifen alone, the addition of OFS
to tamoxifen (OFS-T) improved overall survival (OS; a similar
strong trend was also recorded for the association between OFS and
an AI [OFS-AI]), especially in those patients judged to have a risk of
recurrence justifying the use of adjuvant chemotherapy and among
the very young patients (less than 35 years old).6 In the group of
women who were treated with chemotherapy, the 8-year OS esti-
mates were 89.4% versus 87.2% versus 85.1% for the OFS-T,
OFS-AI, and the tamoxifen-only arms, respectively (hazard ratio,
0.59; 95% confidence interval [CI], 0.42-0.84 for OFS-T vs.
tamoxifen and hazard ratio, 0.79; 95% CI, 0.57-1.09 for OFS-AI
vs. tamoxifen). In addition, for the group of women younger than
35, the 8-year disease-free survival (DFS) estimates (OS data not
reported) were 80.0% versus 74.6% versus 64.9% for the OFS-AI,
OFS-T, and tamoxifen-only arms, respectively. Furthermore, a
consistent DFS advantage was also found for the combinations of
OFS-AI and OFS-T when compared with tamoxifen in the overall
cohort.

Since 2006, the Registo Oncológico Regional do Sul (Portuguese
southern cancer registry; ROR-S) collects detailed tumor and
treatment data on a large cohort of women with newly diagnosed
BC. In this study of premenopausal women treated with adjuvant
endocrine therapy, we aim to: (1) characterize real-world prescrip-
tion of OFS, and particularly, to describe how recent data from
clinical trials modified routine ET practice; and (2) examine the
short-term OS impact of OFS.

Patients and Methods
Study Design and Data Source

This is an observational retrospective cohort study. Clinical data
concerning 5 large centers located in Lisbon, Portugal was retrieved
from ROR-S. ROR-S is a population-based cancer registry that
serves as the unifying framework for variables definition, data reg-
istry, and quality assurance. Owing to the observational nature of
the study, treatments and follow-up were performed at patient-
physician description. The ROR-S institutional review board
approved the study protocol, and ROR-S performed the oversight of
study conduct. Description of data collection and procedures were
previously reported.8 We followed the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) statement in
reports of cohort studies.

Patient Selection
All consecutive premenopausal women diagnosed with HReþ,

non-metastatic BC between January 2006 and December 2015, and
treated at participating institutions (Centro Hospitalar de Lisboa
Norte, Instituto CUF de Oncologia, Hospital da Luz, Hospital de
Beatriz Ângelo, and Instituto Português de Oncologia de Lisboa)
were included. Patients with no information about surgery and with
incomplete or missing information on adjuvant therapy were
excluded. For this study, 2 cohorts of patients were defined: those
patients treated with adjuvant OFS and those not treated with
adjuvant OFS.

Menopausal Status and Hormone Receptor Status
ROR-S does not collect menopausal status. For this study, pre-

menopausal status was defined as age at date of diagnosis younger
than 50, a reference age adjusted to the Portuguese population.9

HRe positivity was defined as either estrogen receptor-positive
and/or progesterone receptor-positive with positivity defined as �
1% of tumor cell nuclei immunoreactivity or tumor classified as
“HReþ” in the patient medical records.

Study Outcomes and Variables
Outcomes. The primary study outcome was OS, defined as time

from tumor diagnosis to death from any cause. Vital status, as
registered on ROR-S, is obtained from a centralized and electronic
platform of national death certificates (Sistema de Informação dos
Certificados de Óbito [SICO], managed by Direção Geral de
Saúde). Follow-up was available up to December 2016. Given the
nature of the data source, recurrences were not available.

As secondary outcomes, we examined use of OFS and duration of
OFS treatment. Administration of OFS was defined as the pre-
scription of any OFS agent started after surgery and for at least 2
consecutive prescriptions. Duration of therapy was defined as the
time from first to last treatment prescription plus 1 month (to ac-
count for treatment action). Four patients had oophorectomy
shortly after introduction of adjuvant OFS and are here considered
as continuing OFS. No patient had upfront oophorectomy.

Other Covariates. Study covariates included age at diagnosis, tu-
mor characteristics (American Joint Committee on Cancer [AJCC]
TNM staging, histology, grade, and human epidermal growth factor
receptor 2 [HER2] status); treatment characteristics (local and sys-
temic), and year of diagnosis (Table 1).

Statistical Analysis
Descriptive statistics of patient, disease, and treatment charac-

teristics were performed. Differences of these features by use of OFS
were tested using the c2 test or Wilcoxon rank-sum test, as
appropriate, and univariate and multivariate logistic regression
models. Variables included in the multivariate logistic model
included year of diagnosis, age at diagnosis, histologic type, grade,
HER2 status, type of surgery, radiotherapy, and (neo)adjuvant
chemotherapy. Time-to-event outcomes were estimated and plotted
using the Kaplan-Meier method. Survival rates were compared using
Cox proportional hazards models. To deal with confounding, both
multivariate Cox proportional hazards models and propensity score
(PS) matching with a 1:1 matching were performed. Variables
included both in the multivariate model and PS matching included:
age at diagnosis, stage, histologic grade, HER2 status, use of (neo)
adjuvant chemotherapy, type of surgery, and year of diagnosis. The
patient characteristics of the matched samples are shown in
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Table 1 Patient Demographics, Tumor Characteristics, and Type of Concomitant Treatment by Type of Adjuvant Endocrine Therapy

Variable List
No OFS (Tamoxifen

Only), n (%) OFS, n (%)

OFS, n (%)
P Value

(No OFS vs. OFS)OFS D Tamoxifen OFS D AI

Number of patients 1423 (82.9) 294 (17.1) 261 (15.2) 33 (1.9) e

Demographic and
clinicopathologic
characteristics

Age, y

�35 93 (6.5) 102 (34.7) 92 (32.3) 10 (30.3) <.001

>35 to �40 233 (16.4) 109 (37.1) 100 (38.3) 9 (27.3)

>40 to �50 1097 (77.1) 83 (28.2) 69 (26.4) 14 (42.4)

Year of diagnosis

2006-2009 468 (32.9) 77 (26.2) 74 (28.4) 3 (9.1) .003

2010-2012 487 (34.2) 90 (30.6) 88 (33.7) 2 (6.1)

2013-2015 468 (32.9) 127 (43.2) 99 (37.9) 28 (84.8)

pT (tumor size, pathologic)

pT0/1 913 (65.9) 190 (66.9) 169 (67.3) 21 (63.6) .320

pT2 422 (30.5) 79 (27.8) 70 (27.9) 9 (27.3)

pT3/4 50 (3.6) 15 (5.3) 12 (4.8) 3 (9.1)

Missing 38 (2.7) 10 (3.4) 10 (3.8) 0

pN (nodes, pathologic)

Negative 845 (60.2) 176 (60.5) 160 (62.0) 16 (48.5) .847

pN1 380 (27.0) 74 (25.4) 64 (24.8) 10 (30.3)

pN2 133 (9.5) 29 (10.0) 25 (9.7) 4 (12.1)

pN3 46 (3.3) 12 (4.1) 9 (3.5) 3 (9.1)

Missing 19 (1.3) 3 (1.0) 3 (1.2) 0

Simplified TNM staging

Stage I 603 (43.6) 129 (45.1) 117 (46.3) 12 (36.4) .703

Stage II 583 (42.1) 113 (39.5) 100 (39.5) 13 (39.4)

Stage III 198 (14.3) 44 (15.4) 36 (14.2) 8 (24.2)

Missing 39 (2.7) 8 (2.7) 8 (3.1) 0

Histology

Invasive carcinoma of NST 1217 (85.5) 268 (91.2) 238 (91.2) 30 (90.9) .024

Invasive lobular carcinoma 126 (8.9) 13 (4.4) 11 (4.2) 2 (6.1)

Other 80 (5.6) 13 (4.4) 12 (4.6) 1 (3.1)

Histologic grade

Grade 1 268 (20.1) 44 (15.6) 37 (14.9) 7 (21.2) .002

Grade 2 849 (63.6) 168 (59.6) 152 (61.0) 16 (48.5)

Grade 3 219 (16.4) 70 (24.8) 60 (24.1) 10 (30.3)

Missing 87 (6.1) 12 (4.1) 12 (4.6) 0

Hormone receptor status

ER and PR positive 1159 (89.0) 240 (86.6) 210 (85.7) 30 (93.7) .259

ER or PR positive 143 (11.0) 37 (13.4) 35 (14.3) 2 (6.3)

HER2 receptor

Negative 1120 (85.6) 227 (81.1) 202 (81.5) 25 (78.1) .058

Positive 189 (14.4) 53 (18.9) 46 (18.6) 7 (21.9)

Missing 114 (8.0) 14 (4.8) 13 (5.0) 1 (3.0)

Adjuvant Ovarian Function Suppression
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Table 1 Continued

Variable List
No OFS (Tamoxifen

Only), n (%) OFS, n (%)

OFS, n (%)
P Value

(No OFS vs. OFS)OFS D Tamoxifen OFS D AI

Treatment
characteristics

Surgery

Breast-conserving surgery 701 (51.6) 121 (43.4) 105 (42.5) 16 (50.0) .012

Mastectomy 658 (48.4) 158 (56.6) 142 (57.5) 16 (50.0)

Missing 64 (4.5) 15 (5.1) 14 (5.4) 1 (3.0)

Radiotherapy

Yes 1065 (74.8) 204 (69.4) 80 (30.7) 10 (30.3) .053

No 358 (25.2) 90 (30.6) 181 (69.3) 23 (69.7)

(Neo)adjuvant chemotherapy

No 388 (27.3) 62 (21.1) 58 (22.2) 4 (12.1) .028

Yes 1035 (72.7) 232 (78.9) 203 (77.8) 29 (87.9)

Yes, neoadjuvant 276 (19.4) 83 (28.2) 68 (26.1) 15 (45.5)

Abbreviations: AI ¼ aromatase inhibitor; ER ¼ estrogen receptor; HER2 ¼ human epidermal growth factor receptor 2; NST ¼ no special type; OFS ¼ ovarian function suppression;
PR ¼ progesterone receptor.

Arlindo R. Ferreira et al
Supplemental Table 1 (in the online version). Two sensitivity
analysis were performed: (1) to deal with eventual immortal-time
bias, we performed a sensitivity analysis including only patients
alive 1 year after surgery; and (2) to test the robustness of findings in
patients with longer follow-up, we completed a sensitivity analysis
including only patients with a minimum follow-up of 3 and 5 years.
All time-to-event analyses met proportional hazards assumption as
assessed by the Schoenfeld residuals. We performed a complete full
data analysis. The dataset had 100% completion data for survival
outcomes, and for other variables, missing values did not exceed
8%. Missing information was considered missing at random. All
tests were 2-sided, and P-values of � .05 were considered statisti-
cally significant. The analyses were performed using Stata 13.1
(StataCorp LP). For PS matching, Stata ado-file psmatch2 was
used.10

Results
Study Sample and Baseline Characteristics

A total of 1717 consecutive eligible patients were included in the
study analysis (see Supplemental Figure 1 in the online version), of
which 294 (17.1%) received adjuvant OFS (goserelin in almost all
cases) and 1423 (82.9%) did not. Baseline demographic and clin-
icopathologic characteristics, as well as treatments received, are
summarized in Table 1. Patients treated with OFS were younger
(34.7% vs. 6.5% � 35 years) and had less differentiated tumors
(grade 3 in 24.8% vs. 16.4%), but similar TNM stage. Treatments
also differed, with patients treated with OFS more frequently
receiving mastectomy (56.6% vs. 48.4%) and (neo)adjuvant
chemotherapy (78.9% vs. 72.7%). OFS was more commonly
administered in combination with tamoxifen than with an AI
(detailed below), and patients receiving tamoxifen (compared with
those treated with an AI) tended to have node-negative tumors
(62.0% vs. 48.5%), less frequently had histologic grade 3 tumors
(24.1% vs. 30.3%), and less frequently received adjuvant chemo-
therapy (administered in 77.8% vs. 87.9%).

Patterns of ET Use
In this cohort of premenopausal women, only a minority (294;

17.1%) of patients received OFS as part of the adjuvant ET
strategy. The median time to introduction of OFS was 5.1
months (interquartile range [IQR], 1.4-8.6; max, 14.0). Of those
receiving OFS, 261 (15.2%) received it in combination with
tamoxifen, whereas 33 (1.9%) received it in combination with an
AI. There was evidence of OFS use since the beginning of the
cohort in 2006, but in 2014, there was a significant increase in
the use of OFS: 15.5% received OFS before 2014, whereas
approximately 25% received OFS in or after 2014 (Figures 1 and
2). A similar trend was noted for the combination with AI, with
0.4% receiving OFS in combination with an AI before 2014,
and 8% from 2014 onwards; in contrast, the combination with
tamoxifen was relatively stable (15.1% before 2014 and 16.9%
from 2014 onwards). Prescription of OFS over time and ac-
cording to age and disease stage is depicted in Figure 3. A
consistent trend for OFS use in younger patients was clear,
reaching 87.5% of patients in those � 35 years old in 2015 in
contrast with 13.2% in those > 40 years old in the same year.

In the univariate analysis, features associated with the use of OFS
included age at diagnosis, year of diagnosis, histologic type, grade,
type of surgery, and treatment with radiotherapy and (neo)adjuvant
chemotherapy. However, in the multivariate model, only age at
diagnosis (reference > 40 and � 50 years; odds ratio [OR], 14.7;
95% CI, 9.7-22.1 for � 35 and OR, 6.1; 95% CI, 4.3-8.7 for > 35
and � 40 years) and year of diagnosis after 2014 (OR, 1.9; 95% CI,
1.3-2.7) were associated with the use of OFS (Table 2). Despite the
predominant use of combination with tamoxifen, 32% of patients
received an AI in the interval from 2014 to 2015.
Clinical Breast Cancer October 2019 - e657



Figure 1 Patterns of Prescription of Adjuvant Endocrine Therapy Over Time

Abbreviations: AI ¼ aromatase inhibitor; OFS ¼ ovarian function suppression.

Adjuvant Ovarian Function Suppression
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Among patients treated with OFS and with available date
of treatment status, approximately 6% were still receiving
OFS at the time of analysis. In those with available date of
Figure 2 Patterns of Prescription of Adjuvant Endocrine Therapy Ove
Against Cancer/American Joint Committee on Cancer TNM

Abbreviation: OFS ¼ ovarian function suppression.
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treatment completion (35.2%), the median duration of OFS
was of approximately 25 months (IQR, 20-27 months)
(Table 3).
r Time and According to Age at Diagnosis and International Union
Staging



Figure 3 Overall Survival in the Overall Cohort (A) and Propensity Score Matching (1:1 Matching) Cohort (B). Variables Included Both
in the Multivariate CM and PS Matching Included: Age at Diagnosis, Stage, Histologic Grade, Human Epidermal Growth
Factor Receptor 2 Status, Use of (Neo)Adjuvant Chemotherapy, Type of Surgery, and Year of Diagnosis

Abbreviations: CI ¼ confidence interval; CM ¼ Cox model; HR ¼ hazard ratio; MV ¼ multivariate; OFS ¼ ovarian function suppression; OS ¼ overall survival; PS ¼ propensity score.

Arlindo R. Ferreira et al
Effectiveness of OFS
After a median follow-up of 38.3 months (IQR, 19.6-66.4

months; minimum-maximum, 1.8-125 months), 88 deaths were
registered, 11 (3.6%) in the OFS cohort and 77 (5.3%) in the
no-OFS cohort. The median follow-up is balanced between
treatment cohorts, with 38.9 months (IQR, 20.5-67.7 months) in
the no-OFS cohort and 36.5 months (IQR, 15.9-62.6 months) in
the OFS cohort (P ¼ .231). The proportion of patients alive at 5
years was 95.3% (95% CI, 89.7%-97.9%) in the OFS cohort and
93.2% (95% CI, 90.8%-94.9%) in the no-OFS cohort
(Figure 3A). In a multivariate model controlling for age at diag-
nosis, stage, histologic grade, HER2 status, use of (neo)adjuvant
chemotherapy, type of surgery, and year of diagnosis, patients
receiving adjuvant OFS had a 56% decrease in the risk of death
(hazard ratio, 0.44; 95% CI, 0.19-0.96; P ¼ .04). Similar results
were observed when performing a sensitivity analysis including
only patients alive at 1 year (adjusted hazard ratio, 0.44; 95% CI,
0.20-0.97) and with a minimum follow-up of 3 years (adjusted
hazard ratio, 0.43; 95% CI, 0.18-1.01) and 5 years (adjusted
hazard ratio, 0.39; 95% CI, 0.12-1.23). With a 2.1% absolute
difference in survival at 5 years, the number needed to treat to
avoid 1 death was 48.

The PS matching cohort results were consistent with those of the
Cox proportional hazards multivariate analysis (Figure 3B).
Although 8 patients died in the OFS cohort (3.2%), 22 died in the
no-OFS cohort (8.8%). The proportion of patients alive at 5 years
was 95.4% (95% CI, 89.0%-98.2%) in the OFS cohort and 86.7%
(95% CI, 78.1%-92.1%) in the no-OFS cohort. Patients receiving
adjuvant OFS had a 62% decrease in the risk of death (hazard ratio,
0.38; 95% CI, 0.17-0.86; P ¼ .021).

Discussion
In this large real-world cohort of premenopausal women with BC

receiving adjuvant ET, we observed an increment in the use of OFS
in recent years. Moreover, young age at diagnosis (� 35 years old)
was strongly associated with the use of adjuvant OFS. Albeit with a
short follow-up time, treatment with OFS combined with either
tamoxifen or AI improved short-term OS.

Over the past decades, several randomized trials and meta-
analyses examined the impact of adding OFS to backbone ET
(see Supplemental Table 2 in the online version). Overall, it
emerged from these trials that specific populations, such as pre-
menopausal women with enough risk of recurrence to be eligible for
adjuvant chemotherapy, as well as younger women, may derive
benefit from adding OFS to ET.5,6,11-15 In addition, the most
recent SOFT trial results further revealed an overall survival
advantage for the combination OFS-T.6

The first results of the combined analysis of SOFT and TEXT trials
in 2014, suggesting the benefit of OFS in some populations, led to the
incorporation of this recommendation in several BC treatment guide-
lines.3,4 In fact, in the present study, although there is evidence of
utilization of OFS since 2006, there was a substantial increment of its
use after 2014. As expected, in this study of patients withHReþ tumors
diagnosed between 2006 and 2015, of whom more than 70% treated
with (neo)adjuvant chemotherapy,we observed that patients at a higher
risk of relapse receive OFS more frequently. We further observed that
adjuvant OFS added to tamoxifen or AI led to a statistically significant
reduction in the risk of death, with an absolute magnitude in line with
previous achievements in adjuvant ET and to the updated results of the
SOFT trial. Although these resultsmight be influenced by unmeasured
confounders, short median follow-up, and time bias (given the increase
in use of OFS over time), the treatment effect was consistently present
when using different methods to deal with confounding. Thus, this
study adds real-world evidence to clinical trial data, supporting the
decision of patients and physicians to incorporate OFS in the ET of
premenopausal women at higher risk of recurrence.

These results must be put in context of the tolerability implica-
tions of OFS. In the SOFT trial, patients randomized to tamoxifen
plus OFS more frequently had hot flashes, loss of sexual interest,
and sleep disturbance, as well as vaginal dryness, with early
Clinical Breast Cancer October 2019 - e659



Table 2 Patient and Tumor Features Associated With OFS Prescription

Variable List

Predictors of OFS Prescription

OR 95% CI P Value
Univariate analysis

Age at diagnosis, y

<35 14.5 10.1-20.8 <.001

35 to <40 6.2 4.5-8.5

40 to <50 Reference Reference

Year of diagnosis (for each
added year since 2006)

1.08 1.03-1.13 .002

Year of diagnosis

Before 2014 Reference Reference <.001

In or after 2014 1.84 1.38-2.45

Pathologic staging

Stage I Reference Reference .920

Stage II 0.91 0.69-1.20

Stage III 1.04 0.71-1.52

Histology

Invasive carcinoma of NST Reference Reference .039

Invasive lobular carcinoma 0.47 0.26-0.84

Other 0.74 0.40-1.35

Histologic grade

Grade 1 Reference Reference .001

Grade 2 1.21 0.84-1.73

Grade 3 1.95 1.28-2.95

HER2 status

Negative Reference Reference .059

Positive 1.38 1.99-1.94

Type of surgery

Breast conserving surgery Reference Reference .013

Mastectomy 1.39 1.07-1.80

Radiotherapy

No Reference Reference .053

Yes 0.76 0.58-1.00

(Neo)adjuvant chemotherapy

No Reference Reference .029

Yes 1.40 1.04-1.90

Multivariate model (full model
shown)

Age at diagnosis, y

�35 14.7 9.74-22.1 <.001

>35 to �40 6.12 4.32-8.67

>40 to �50 Reference Reference

Year of diagnosis

Before 2014 Reference Reference <.001

In or after 2014 1.89 1.34-2.67

Histology

Invasive carcinoma of NST Reference Reference .171

Invasive lobular carcinoma 0.75 0.39-1.43

Other 0.63 0.27-1.43

Adjuvant Ovarian Function Suppression
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Table 2 Continued

Variable List

Predictors of OFS Prescription

OR 95% CI P Value

Histologic grade

Grade 1 Reference Reference .156

Grade 2 1.04 0.68-1.59

Grade 3 1.44 0.85-2.43

HER2 status

Negative Reference Reference .969

Positive 0.99 0.66-1.48

Type of surgery

Breast conserving surgery Reference Reference .526

Mastectomy 1.11 0.78-1.56

Radiotherapy

No Reference Reference .399

Yes 0.85 0.58-1.24

(Neo)adjuvant chemotherapy

No Reference Reference .243

Yes 0.79 0.53-1.18

Abbreviations: CI ¼ confidence interval; HER2 ¼ human epidermal growth factor receptor 2; HG ¼ histologic grade; NST ¼ no special type; OFS ¼ ovarian function suppression; OR ¼ odds ratio.

Arlindo R. Ferreira et al
discontinuation of oral ET close to 20%.16 Interestingly, after 6
months of therapy, symptom-specific treatment differences were less
evident in those patients previously treated with chemotherapy.
Other studies further showed a detrimental effect of OFS in self-
reported health-related quality of life.17 However, no particular
changes in global cognitive function, nor depression or anxiety
scores were noted.18,19

The use of OFS further opens the possibility of using AIs in pre-
menopausal women. The incremental efficacy of OFS and AI (vs.
OFS-T) is not definitely established (see Supplemental Table 2 in the
online version). Although the ABCSG-12 trial did not document any
DFS advantage of OFS-AI over OFS-T and even found a statistically
significant detrimental impact of OFS-AI compared with OFS-T (of
note, this trial also tested the role of adjuvant zoledronic acid), the
analyses of the SOFT and TEXT trials showed that patients treated
Table 3 Adjuvant Endocrine Treatment Description

Overall, n (%) Before 2014

Receiving OFS 294 (17.1) 210 (15

Concomitant therapy to OFS

Tamoxifen 261 (88.8) 204 (97

Aromatase inhibitor 33 (11.2) 6 (2.9

Time on OFSa

Median, mo 24.7 24.9

P25-P75 20.4-26.9 21.5-26

Min-max 1.6-65.9 1.6-65

Date of completion available 99 (33.6) 78 (43

Ongoing treatment 17 (5.8) 4 (2.2

Abbreviations: NA ¼ not available; NR ¼ not reported; OFS ¼ ovarian function suppression.
aTime on OFS excludes patients with ongoing treatment with goserelin at time of data cutoff and th
with chemotherapy who remained premenopausal and those who
were< 35 years (higher risk patients) are the ones obtaining the most
benefit from AIs (absolute BC-free interval reduction ranging from
5% to 15%).20-22 However, no OS differences were noted in the
overall SOFT/TEXT cohort (hazard ratio, 0.98; 95%CI, 0.79-1.22).
In terms of tolerability, both the toxicity profile and its evolution over
time differ: patients taking tamoxifen plus OFS had more hot flashes
and sweats that improved over time, whereas those on exemestane plus
OFS had more vaginal dryness, greater loss of sexual interest, and
difficulties becoming aroused that persisted over time.23 No major
differences in quality of life over time were captured with the in-
struments used. Of note, current guidelines consider both AI and
tamoxifen reasonable alternatives when added to OFS, even though
American Society of Clinical Oncology guidelines favor the use of AI
in women < 35 years.3,4
, n (%) In or After 2014, n (%)
P Value

(<2014 vs. ‡2014)
.2) 84 (24.9) <.001

<.001

.1) 57 (67.9)

) 27 (32.1)

NR NA

.9

.9

.8)

)

ose with prescription in of after 2013.
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OFS is also being increasingly used as an approach to reduce the
likelihood of chemotherapy-induced ovarian insufficiency and thus
as a complementary strategy to improve future fertility without
impacting survival.24-26 Such use is reflected in current international
guidelines.27-29 Although we had access to the exact date of OFS
initiation, in our cohort, the date of (neo)adjuvant chemotherapy
introduction was not thoroughly available beyond the knowledge of
its administration before or after surgery. This limited the possibility
of describing the use of OFS as a fertility preservation strategy in our
cohort of premenopausal women.

Despite the large sample size and the methodological rigor, this
study has limitations. It is a retrospective observational study, thus
susceptible to residual confounding. ROR-S does not collect meno-
pausal status, both at diagnosis and after primary treatment, which
was estimated for local patterns. Also, ROR-S does not accurately
collect comorbidities, educational level, type of (neo)adjuvant
chemotherapy, patients’ preferences, or Ki67 that can be unbalanced
between arms; nevertheless, we used different modeling strategies to
address confounding with consistent findings. Therapy administra-
tion was measured by drug prescription, not actual drug administra-
tion, and a substantial proportion of patients did not have information
available concerning treatment stop date. Also, the median follow-up
is short for a HReþ population, and a time bias might exist associated
with an increase in use of OFS over time. The follow-up is impacted
by the inclusion of patients up to the date of censoring, but this was
done to extract the most information possible from the analysis
focusing on the patterns of use of OFS. In addition, the sensitivity
analysis restricted to patients with 5 or more years of follow-up
showed consistent results. Moreover, the follow-up is balanced be-
tween the 2 groups. Although unexpected, the fact that the use ofOFS
was present since the beginning of the cohort, that the increased
uptake of OFS is predominantly achieved in the very later years of the
cohort, and that the overall absolute number of patients receivingOFS
is lower than those not receiving this treatment explain the balanced
follow-up and add to the robustness of the analysis. Finally, treatment
effectiveness was measured as OS, not cancer-specific survival, and
DFS was not available. Although cancer-specific survival could add
some extra robustness to our study, the relatively young age of this
group of patients might increase the likelihood of the identification of
mostly cancer-specific deaths. Although ROR-S exhaustively collects
OS through its electronic connection to the national death certificates
database, as a population-based registry, recurrence events need to be
proactively reported by contributing centers, leading to a relevant
proportion of patients with missing DFS status and thus rendering
this outcome not useful for clinical research at this point in time.

Conclusion
Now that intensification of ET with OFS in pre-menopausal

women with HReþ BC at high risk of relapse is becoming stan-
dard of care, this large cohort of premenopausal women receiving
adjuvant ET shows real-world evidence that supports these guide-
lines. Since 2014, one-quarter of patients were treated with adjuvant
OFS, of which more than 30% were treated in combination with an
AI. The use of adjuvant OFS showed an OS benefit.
- Clinical Breast Cancer October 2019
Clinical Practice Points

� The real-world use and effectiveness of OFS as adjuvant treat-
ment for premenopausal women with early BC is poorly
understood.

� In this retrospective cohort study of 1717 premenopausal women
with stage I to III HReþ BC diagnosed from 2006 to 2015, the
use of adjuvant OFS increased after 2014 from 16% to 25% of
patients.

� AIs are the combination of choice in more than 30% of cases.
� OFS improved short-term OS in this real-world setting study,
providing a real-world layer of evidence supporting its use and
allowing a more informed discussion between patients and
physicians.
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Supplemental Figure 1 Patient Flowchart

Premenopausal women with hormone-receptor 
posi�ve stage I-III primary invasive breast cancer 

treated in a contribu�ng center and diagnosed from 
January 2006 to December of 2015: n=2771

No informa�on about surgery performed: n=161
Incomplete informa�on on adjuvant therapy: n=981

Pa�ents eligible for primary analysis: n=1717

Supplemental Figure 2 Overall Survival by Treatment Arm in Subgroups Defined by Age at Diagnosis and TNM Staging

Abbreviation: OFS ¼ ovarian suppression function.
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Supplemental Table 1 Patient Demographics, Tumor Characteristics, and Type of Concomitant Treatment by Type of Adjuvant
Endocrine Therapy in the Matching Samples

Variable List

PS Matching (1:1)

No OFS, n (%) OFS, n (%) P Value (No OFS vs. OFS)

Total patients 250 (50.0) 250 (50.0) NA

Follow-up, mo

Median 34.8 36.5 .419

IQR 14.6-63.7 16.1-62.6

Demographic and clinicopathologic
characteristics

Age, y

�35 68 (27.2) 84 (33.6) .291

>35 to �40 103 (41.2) 92 (36.8)

>40 to �50 79 (31.6) 74 (29.6)

Year of diagnosis

2006-2009 73 (29.2) 64 (25.6) .445

2010-2012 67 (26.8) 79 (31.6)

2013-2015 110 (44.0) 107 (42.8)

pT (tumor size, pathologic)

pT0/1 174 (69.6) 168 (67.7) .103

pT2 71 (28.4) 66 (26.6)

pT3/4 5 (2.0) 14 (5.7)

pN (nodes, pathologic)

Negative 150 (60.0) 148 (59.2) .948

pN1 66 (26.4) 64 (25.6)

pN2 23 (9.2) 27 (10.8)

pN3 11 (4.4) 11 (4.4)

Simplified TNM staging

Stage I 115 (46.0) 229 (91.6) .331

Stage II 98 (39.2) 13 (5.2)

Stage III 37 (14.8) 8 (3.2)

Histology

Invasive ductal carcinoma 225 (90.0) 229 (91.6) .331

Invasive lobular carcinoma 20 (8.0) 13 (5.2)

Other 5 (2.0) 8 (3.2)

Histologic grade

Grade 1 39 (15.6) 41 (16.4) .694

Grade 2 155 (62.0) 146 (58.4)

Grade 3 56 (22.4) 63 (25.2)

Hormone receptor status

ER and PR positive 200 (85.5) 202 (86.3) .791

ER or PR positive 34 (14.5) 32 (13.7)

HER2 receptor status

Negative 207 (82.8) 201 (80.4) .489

Positive 43 (17.2) 49 (19.6)

Treatment characteristics

Surgery

Breast-conserving surgery 120 (48.0) 110 (44.0) .370

Mastectomy 130 (52.0) 140 (56.0)

Arlindo R. Ferreira et al
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Supplemental Table 1 Continued

Variable List

PS Matching (1:1)

No OFS, n (%) OFS, n (%) P Value (No OFS vs. OFS)

Radiotherapy

Yes 176 (70.4) 175 (70.0) .922

No 74 (29.6) 75 (30.0)

(Neo)adjuvant chemotherapy

Yes 187 (74.8) 198 (79.2) .242

No 63 (25.2) 52 (20.8)

Abbreviations: ER ¼ estrogen receptor; HER2 ¼ human epidermal growth factor receptor 2; IQR ¼ interquartile range; OFS ¼ ovarian function suppression; PR ¼ progesterone receptor.
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Supplemental Table 2 Summary of Adjuvant Trials and Meta-analyses Comparing Tamoxifen With or Without OFS and OFS With
Either Tamoxifen or an AIa

Study (Year of Last
Results Update) Treatment Arms

Sample
Size Follow-up Disease-free Survival Overall Survival

Clinical trials: tamoxifen vs.
tamoxifen D OFS

SOFT (2018)5,6 Tamoxifen alone vs. tamoxifen þ
OFS (vs. exemestane þ OFS)

2033 8.0 HR, 0.76; 95% CI, 0.62-0.93;
P ¼ .009

HR, 0.67; 95% CI 0.48-0.92;
P ¼ .01

ASTRRA (2018)13 Tamoxifen alone vs. tamoxifen þ
OFS

1282 5.3 HR, 0.686; 95% CI, 0.48-0.97;
P ¼ .033

HR, 0.310; 95% CI, 0.10-0.94;
P ¼ .029

E-3193/INT-0142 (2014)17 Tamoxifen alone vs. tamoxifen þ
OFS

345 9.9 HR, 1.16; 95% CI, 0.64-2.08;
P ¼ .62

HR, 1.19; 95% CI, 0.52-2.70;
P ¼ .67

ABC/OAS (2007)E1 Tamoxifen alone vs. tamoxifen þ
OFS/ablation

2144 5.9 HR, 0.95;
95% CI, 0.81-1.12; P ¼ .56

HR, 0.94;
95% CI, 0.78-1.13; P ¼ .44

ZIPP (2005)E2 Tamoxifen alone vs. tamoxifen þ
OFS

2710 5.5 HR, 0.80; 95% CI, 0.69-0.92;
P ¼ .002

HR, 0.81; 95% CI, 0.67-0.99;
P ¼ .038

INT 0101/E5188 (2005)E3 CAF vs. CAF þ OFS vs. CAF þ
OFS þ tamoxifen

1503 9.6 HR, 0.93; 95% CI, 0.76-1.12;
P ¼ .22

HR, 0.88; 95% CI, 0.70-1.11;
P ¼ .14

Meta-analyses: tamoxifen
vs. tamoxifen D OFS

Zhang (2017)12 OFS þ tamoxifen vs. tamoxifen 7331 NR HR, 0.94; 95% CI, 0.88-1.01;
P ¼ .09

HR, 0.92; 95% CI, 0.82-1.03;
P ¼ .13

Qiu (2016)14 OFS þ tamoxifen vs. tamoxifenb 12,292 NR RR, 0.86; 95% CI, 0.75-0.96;
P ¼ NR

RR, 0.79; 95% CI, 0.70-0.89;
P ¼ NR

Yan (2015)15 OFS þ tamoxifen vs. tamoxifen 6279 NR RR, 0.87; 95% CI, 0.71-1.06;
P ¼ .16

RR, 0.84; 95% CI, 0.66-1.07;
P ¼ .16

Cuzick (2007)11 OFS þ tamoxifen vs. tamoxifen 1013 NR HR, 0.85; 95% CI, 0.67-1.09;
P ¼ .20

HR, 0.84; 95% CI, 0.59-1.19;
P ¼ .33

Clinical trials: OFS D
tamoxifen vs. OFS D AI

SOFT/TEXT (2018)6,7 OFS þ tamoxifen vs. OFS þ
exemestane (vs. tamoxifen alone)

4690 9.0 HR, 0.77; 95% CI, 0.67-0.90;
P <.001

HR, 0.98; 95% CI, 0.79-1.22;
P ¼ .84

ABCSG-12 (2015)22 OFS þ tamoxifen vs. OFS þ
anastrazol

1803 7.9 HR, 1.13; 95% CI, 0.88-1.45;
P ¼ .335

HR, 1.63; 95% CI, 1.05-1.45;
P ¼ .030

HOBOE-2 (2018)E4 OFS þ tamoxifen vs. OFS þ
letrozole (vs. OFS þ letrozole þ

ZA)

710c 5.4 HR, 0.72; 95% CI, 0.48-1.07;
P ¼ .06

NR

Abbreviations: AI ¼ aromatase inhibitor; CI ¼ confidence interval; ET ¼ endocrine therapy; HR ¼ hazard ratio; NR ¼ not reported; OFS ¼ ovarian function suppression; RR ¼ relative risk;
ZA ¼ zoledronic acid.
aNSABP-30 and ABCSG 13-93 studies further showed that patients achieving chemotherapy-induced amenorrhea had improved survival. The 2005 EBCTCG meta-analysis compared adjuvant OFS/
ablation to no further ET showing a significant effect of OFS on both DFS and OS.
bTamoxifen or other ET beyond OFS was not provided in all trials included in this meta-analysis.
c1065 patients if including the OFS þ letrozole þ ZA arm.
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