VOLUME

34

•

NUMBER

9

•

MARCH

20,

2016

JOURNAL OF CLINICAL ONCOLOGY

O R I G I N A L

R E P O R T

Annual Hazard Rates of Recurrence for Breast Cancer During
24 Years of Follow-Up: Results From the International Breast
Cancer Study Group Trials I to V
Marco Colleoni, Zhuoxin Sun, Karen N. Price, Per Karlsson, John F. Forbes, Beat Thürlimann, Lorenzo Gianni,
Monica Castiglione, Richard D. Gelber, Alan S. Coates, and Aron Goldhirsch
See accompanying editorial on page 895
Marco Colleoni and Aron Goldhirsch,
European Institute of Oncology and
International Breast Cancer Study Group,
Milan; Lorenzo Gianni, Ospedale degli
Infermi and Istituto Scientiﬁco Romagnolo
per lo Studio e la Cura dei Tumori, Rimini,
Italy; Zhuoxin Sun, Karen N. Price, and
Richard D. Gelber, International Breast
Cancer Study Group Statistical Center and
Frontier Science and Technology
Research Foundation; Zhuoxin Sun and
Richard D. Gelber, Harvard T.F. Chan
School of Public Health; Richard D.
Gelber, Dana-Farber Cancer Institute and
Harvard Medical School, Boston, MA; Per
Karlsson, Institute of Selected Clinical
Sciences, Sahlgrenska Academy,
Sahlgrenska University Hospital,
Gothenburg, Sweden; John F. Forbes,
Australia and New Zealand Breast Cancer
Trials Group, University of Newcastle,
Newcastle Mater Hospital, Newcastle;
Alan S. Coates, International Breast
Cancer Study Group and University of
Sydney, Sydney, New South Wales,
Australia; Beat Thürlimann, Breast Center
Kantonsspital, St Gallen, and Swiss Group
for Clinical Cancer Research; and Monica
Castiglione, International Breast Cancer
Study Group, Bern, Switzerland.
Published online ahead of print at
www.jco.org on January 19, 2016.

A

B

S

T

Authors’ disclosures of potential conﬂicts
of interest are found in the article online at
www.jco.org. Author contributions are
found at the end of this article.
Corresponding author: Marco Colleoni,
MD, Division of Medical Senology,
European Institute of Oncology, Via
Ripamonti 435, 20141, Milan, Italy; e-mail:
marco.colleoni@ieo.it.
© 2016 by American Society of Clinical
Oncology
0732-183X/16/3409w-927w/$20.00
DOI: 10.1200/JCO.2015.62.3504

A

C

T

Purpose
Predicting the pattern of recurrence can aid in the development of targeted surveillance and
treatment strategies. We identiﬁed patient populations that remain at risk for an event at a median
follow-up of 24 years from the diagnosis of operable breast cancer.
Patients and Methods
International Breast Cancer Study Group clinical trials I to V randomly assigned 4,105 patients
between 1978 and 1985. Annualized hazards were estimated for breast cancer–free interval (primary
end point), disease-free survival, and overall survival.
Results
For the entire group, the annualized hazard of recurrence was highest during the ﬁrst 5 years
(10.4%), with a peak between years 1 and 2 (15.2%). During the ﬁrst 5 years, patients with estrogen
receptor (ER) – positive disease had a lower annualized hazard compared with those with ERnegative disease (9.9% v 11.5%; P = .01). However, beyond 5 years, patients with ER-positive
disease had higher hazards (5 to 10 years: 5.4% v 3.3%; 10 to 15 years: 2.9% v 1.3%; 15 to 20 years:
2.8% v 1.2%; and 20 to 25 years: 1.3% v 1.4%; P , .001). Among patients with ER-positive disease,
annualized hazards of recurrence remained elevated and fairly stable beyond 10 years, even for
those with no axillary involvement (2.0%, 2.1%, and 1.1% for years 10 to 15, 15 to 20, and 20 to 25,
respectively) and for those with one to three positive nodes (3.0%, 3.5%, and 1.5%, respectively).
Conclusion
Patients with ER-positive breast cancer maintain a signiﬁcant recurrence rate during extended follow
up. Strategies for follow up and treatments to prevent recurrences may be most efﬁciently applied
and studied in patients with ER-positive disease followed for a long period of time.
J Clin Oncol 34:927-935. © 2016 by American Society of Clinical Oncology

Written on behalf of the International
Breast Cancer Study Group.
Support information appears at the end
of this article.
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INTRODUCTION

Almost 30% of patients with breast cancer who
are free of disease after initial local and regional
treatments present with disease recurrence during
follow-up.1 The timing of breast cancer recurrence varies considerably, inﬂuenced by classic
prognostic factors1 as well as adjuvant treatment
strategies.2-6 In particular, estrogen receptor (ER)
status provides a clinically useful distinction1,2;
recurrences in patients with ER-negative disease
occur earlier during follow-up, whereas in those
with ER-positive disease, recurrences continue
to occur later in follow-up (eg, years 5 to 10).7

The late relapses evident in ER-positive
disease suggest that mechanisms related to
disease relapse are different in ER-positive disease,
where cancer cells may stay dormant for a protracted
period of time despite adjuvant therapies.8 However,
only recently have clinical studies begun to focus on
late relapses,9,10 and little is known of the pattern of
recurrence after 10 years of follow-up. Results
from clinical trials are not generally reported
after a median follow-up of 10 years, because of
logistics and costs related to extended follow-up.
The limited evidence available on late outcomes has often focused on survival as opposed
to recurrence,11 but survival is less informative
about the history of the disease after prolonged
© 2016 by American Society of Clinical Oncology
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follow-up, because it is inﬂuenced by the age and comorbidities of
the patient at diagnosis. A better description of relapse patterns,
resulting in a better understanding of time-speciﬁc risk, could lead
to targeted therapeutic approaches and enhanced surveillance
methods, ultimately leading to improved patient outcomes. The
International Breast Cancer Study Group (IBCSG) observed
enrolled patients for up to 25 years in its ﬁrst generation of trials,12-14 offering a unique opportunity to better deﬁne the patterns
of late breast cancer recurrence.
PATIENTS AND METHODS
Patients
Data were analyzed from 4,105 eligible patients with breast cancer
who entered the IBCSG (formerly Ludwig Group) randomized clinical
trials I to V from 1978 to 1985 (Fig 1). Locoregional and adjuvant systemic therapies were assigned according to the design and conduct of
the trials, as described elsewhere12-14 (Data Supplement). Trials I to IV
addressed chemoendocrine questions in premenopausal (I and II) and
postmenopausal women (III and IV) with node-positive early breast cancer
using classical CMF (cyclophosphamide, methotrexate, and ﬂuorouracil) with tamoxifen (12 months), oophorectomy, and/or prednisone
(12 months).12 Prednisone was added to several regimens of chemotherapy and
endocrine therapy as a result of information from a Canadian trial indicating
that adrenal suppression induced by prednisone, when added to oophorectomy, led to improved treatment outcome.15 Trial V investigated the timing
and duration of classic CMF in the node-positive population13 or a single cycle
of perioperative CMF in the node-negative population.14 Tamoxifen and
prednisone duration was 6 months. ER levels were measured centrally.16
Staging included hematologic evaluation, renal and liver function
tests, chest x-ray, and bone scan. All patients were carefully observed for
evidence of relapse or survival. Clinical, hematologic, and biochemical
assessments (blood urea nitrogen and serum creatinine, bilirubin, alkaline
phosphatase, AST or ALT, g-glutamyl transferase, and serum calcium) of
each patient were required every 3 months for 2 years, every 6 months until
the end of the ﬁfth year, and yearly thereafter until death. Chest x-rays and
bone scans were required every 6 months for 2 years and once yearly for
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up to 5 years. These tests were recommended only if clinically indicated
beyond the ﬁfth year. Yearly follow-up forms were collected until 2008 or
2009, when the IBCSG decided to stop follow-up.

Categories of Sites of Invasive Relapse
All ﬁrst reoccurring breast cancer events were classiﬁed according
to site as follows: local recurrences conﬁned to the ipsilateral chest wall,
including mastectomy scar; regional relapses, including ipsilateral axillary,
supraclavicular, and internal mammary lymph node metastases; and
distant metastases, including soft tissue or nodal metastases in distant sites,
bone metastases, and visceral metastases in all other organs or diffuse intraabdominal metastases. Other ﬁrst events included invasive contralateral
breast cancer, second non–breast cancer malignancies, and deaths without
malignancies. Any site was considered to be a component of a ﬁrst event if
diagnosed within a 2-month timeframe, with ﬁrst site of breast cancer
recurrence speciﬁed hierarchically according to worst prognosis: viscera,
bone, distant nodes or soft tissue, regional, contralateral breast, and local.
Statistical Methods
The primary end point for this analysis was breast cancer–free interval
(BCFI), with disease-free survival (DFS) and overall survival (OS) considered
secondary end points. BCFI was deﬁned as time from the date of random
assignment to any invasive breast cancer recurrence (including ipsilateral or
contralateral breast recurrence) and was censored at date of last follow-up or
at date of death without recurrence. DFS was deﬁned as time from the date of
random assignment to any invasive relapse (including ipsilateral breast
recurrence), appearance of a second primary cancer (including contralateral
breast cancer), or death, whichever occurred ﬁrst. OS was deﬁned as time
from the date of random assignment to death resulting from any cause.
Event-time distributions were estimated using the Kaplan-Meier method. To
evaluate whether the hazard ratio changed over time, interaction term of
survival times by ER status was tested in a Cox model, where the interaction
term was treated as a time-varying variable.
Annualized hazard rates for events of interest were calculated using
the maximum likelihood estimate from a piece-wise exponential model.
These estimates (reported as percentages) are number of events occurring
within a time interval divided by the total years of follow-up during the
interval accrued by patients at risk during the interval. To compare hazard
rates between time intervals and among patient populations, a constant
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Fig 1. CONSORT diagram showing the analytic population according to estrogen receptor
(ER) status for the ﬁve clinical trials.
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Table 1. Patient Characteristics According to ER Status
ER Positive
(n = 1,808)
Characteristic

No.

No. of positive axillary nodes
0
1-3
$4
Tumor size, cm
#2
.2
Unknown
Menopausal status
Premenopausal
Postmenopausal
Tumor grade
1
2
3
Unknown
Adjuvant systemic treatment
Observation
Hormonal therapy 6 chemotherapy
Chemotherapy without hormonal therapy
Age, years
Median
Range

ER Negative
(n = 1,148)

ER Unknown
(n = 1,149)

Total (N = 4,105)

%

No.

%

No.

%

No.

%

640
671
497

35.4
37.1
27.5

409
399
340

35.6
34.8
29.6

226
573
350

19.7
49.9
30.5

1,275
1,643
1,187

31.1
40.0
28.9

809
907
92

44.7
50.2
5.1

433
650
65

37.7
56.6
5.7

531
582
36

46.2
50.7
3.1

1,773
2,139
193

43.2
52.1
4.7

909
899

50.3
49.7

714
434

62.2
37.8

602
547

52.4
47.6

2,225
1,880

54.2
45.8

335
904
482
87

18.5
50.0
26.7
4.8

93
380
591
84

8.1
33.1
51.5
7.3

222
510
339
78

19.3
44.4
29.5
6.8

650
1,794
1,412
249

15.8
43.7
34.4
6.1

309
362
1,137

17.1
20.0
62.9

188
172
788

16.4
15.0
68.6

239
281
629

20.8
24.5
54.7

736
815
2,554

17.9
19.9
62.2

53
22-80

49
24-79

52
21-80

52
21-80

Abbreviation: ER, estrogen receptor.

hazard was estimated within each cohort, and the tests were based on
normal approximation of the difference between estimates.
The cumulative incidences of site-speciﬁc ﬁrst breast cancer events were
calculated based on a competing-risk model,17,18 treating recurrences in other
sites and death without recurrence as competing events. Comparisons of
subgroups within time intervals were based on Gray’s test,17,18 restricted to
follow-up just from that speciﬁc time interval. All P values are two sided.

RESULTS

A total of 4,105 eligible patients from IBCSG trials I to V were
included in the analysis. Table 1 lists the distribution of patient

characteristics according to ER status. ER levels of 10 fmol/mg or
greater of cytosol protein based on biochemical assay were classiﬁed as positive (n = 1,808; 40%). ER status was unknown for
1,149 patients (28%).
At a median follow-up of 24.2 years, 2,590 patients (63.1%)
had died, and 2,451 (59.7%) had experienced a breast cancer
recurrence, either a ﬁrst recurrence at a local site (n = 420; 10.2% of
all patients), contralateral breast cancer (n = 219; 5.3% of all
patients), a recurrence at a regional site (n = 351; 8.6% of all
patients), or a recurrence at a distant site (n = 1,461; 40.7% of
all patients). One hundred ninety-nine patients (4.9%) had a
nonbreast second primary malignancy before breast cancer

Table 2. Annualized Hazards of Recurrence Estimated Within 5-Year Intervals From Random Assignment
Hazard (%; SE)
Outcome
BCFI
All patients
ER positive
ER negative
DFS
All patients
ER positive
ER negative
OS
All patients
ER positive
ER negative

Years 0-5

Years 5-10

Years 10-15

Years 15-20

Years 20-25

10.4 (0.2)
9.9 (0.4)
11.5 (0.5)

4.5 (0.2)
5.4 (0.3)
3.3 (0.3)

2.2 (0.2)
2.9 (0.3)
1.3 (0.2)

1.5 (0.3)
2.8 (0.4)
1.2 (0.3)

0.7 (0.2)
1.3 (0.3)
1.4 (0.4)

11.2 (0.3)
10.6 (0.4)
12.1 (0.5)

5.4 (0.2)
6.6 (0.4)
3.8 (0.4)

3.7 (0.2)
4.5 (0.4)
2.3 (0.3)

4.2 (0.3)
5.5 (0.5)
3.1 (0.4)

4.0 (0.3)
4.2 (0.6)
4.2 (0.6)

5.7 (0.2)
4.3 (0.2)
7.9 (0.4)

5.3 (0.2)
6.1 (0.3)
4.2 (0.4)

3.6 (0.2)
4.0 (0.3)
2.2 (0.3)

4.0 (0.2)
4.7 (0.4)
2.7 (0.4)

4.1 (0.3)
4.6 (0.5)
3.3 (0.5)

NOTE. Data are shown as percentage (SE).
Abbreviations: BCFI, breast cancer–free interval; DFS, disease-free survival; OS, overall survival.

www.jco.org

© 2016 by American Society of Clinical Oncology

Downloaded from ascopubs.org by 180.150.39.22 on July 25, 2020 from 180.150.039.022
Copyright © 2020 American Society of Clinical Oncology. All rights reserved.

929

Colleoni et al

recurrence; 485 patients (11.9%) died before breast cancer
recurrence; and 76% of the 1,169 patients last known to be alive
without recurrence were observed for at least 15 years (Data
Supplement). The hazards of BCFI, DFS, and OS events by 5-year
intervals according to ER status are listed in Table 2, and annual
hazard of recurrence plots are shown in Fig 2. For the entire group,
the annualized hazard of breast cancer recurrence was greatest for
the ﬁrst 5 years (10.4%), with a peak interval between years 1 and 2
after surgery (15.2%; Fig 2A). The hazard decreased consistently
during years 5 to 10 (4.5%) and then remained stable. During years
10 to 15, 15 to 20, and 20 to 25, the hazard of recurrence was 2.2%,
1.5%, and 0.7%, respectively (Table 2).

A

We observed a statistically signiﬁcantly lower hazard of breast
cancer recurrence for patients presenting with ER-positive disease
versus those with ER-negative disease during the ﬁrst 5 years (9.9%
v 11.5%; P = .01). However, the hazards of ER-positive and ERnegative disease crossed between years 2 and 3 (Fig 2B). Beyond
5 years, the hazard of recurrence was higher for patients with ERpositive disease compared with that of those with ER-negative
disease (5 to 10 years: 5.4% v 3.3%; 10 to 15 years: 2.9% v 1.3%; 15
to 20 years: 2.8% v 1.2%; and 20 to 25 years: 1.3% v 1.4%; P ,.001;
Table 2). As shown in the Kaplan-Meier curves (Fig 3) as well, the
curves of ER-positive and ER-negative cohorts cross, and the
hazard ratio of ER-positive versus ER-negative disease changes over

B
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Fig 2. Annual hazard of breast cancer recurrence (A) for 4,105 patients included in International Breast Cancer Study Group trials I to V overall, (B) according to known
estrogen receptor (ER) status (n = 2,956), (C) according to number of positive nodes for patients with ER-positive disease (n = 1,808), and (D) according to number of
positive nodes for patients with ER-negative disease (n = 1,148). Vertical lines indicate 95% CI of the hazard.
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Fig 3. Kaplan-Meier curves according to known estrogen receptor (ER) status for
the end points of (A) breast cancer–free interval (BCFI), (B) disease-free survival
(DFS), and (C) overall survival (OS). Two-sided P values based on tests for interaction of ER status and survival times are each P , .001, indicating signiﬁcant
nonproportionality of hazards over time.
www.jco.org

time for BCFI, DFS, and OS (P , .001 for interactions of ER status
and survival time).
Table 3 lists the cumulative incidence rates of site-speciﬁc ﬁrst
breast cancer events over time according to ER status. During the
ﬁrst 5 years, distant recurrences occurred more frequently in
patients with ER-negative versus ER-positive disease (27.1% v
23.4%; P = .005). Beyond 5 years, the cumulative incidence of
distant recurrence increased more rapidly in the ER-positive
subgroup than in the ER-negative subgroup (cumulative incidence rates at years 10, 15, 20, and 25 were 31.9%, 35%, 37.4%, and
38.3% for ER-positive disease v 31.8%, 33.4%, 34.1%, and 35.3%
for ER-negative disease, respectively; P , .001). Cumulative
incidence for local and contralateral recurrences was also higher in
later years for the ER-positive cohort (Table 3), and the same
crossing pattern seen for other end points was also observed for
locoregional ﬁrst recurrences (Data Supplement).
Table 4 lists the hazards of recurrence by 5-year interval
according to ER status for subgroups deﬁned by number of positive
axillary nodes, tumor size, menopausal status, tumor grade, and
treatment. For every subgroup, consistent with the overall populations, patients with ER-positive disease had a lower hazard of
recurrence compared with those with ER-negative disease during
the ﬁrst 5 years. Beyond 5 years, patients with ER-positive disease
had a higher hazard of recurrence than those with ER-negative
disease. Within the ER-positive subgroup, those with no axillary
involvement (hazards during years 10 to 15, 15 to 20, and 20 to 25
were 2.0%, 2.1%, and 1.1%, respectively) or one to three positive
nodes (hazards during years 10 to 15, 15 to 20, and 20 to 25 were
3.0%, 3.5%, and 1.5%, respectively) maintained a stable hazard of
recurrence, whereas for patients with ER-positive tumors with
more than four involved nodes, the hazard of recurrence continued
to decrease gradually (hazards during years 10 to 15, 15 to 20, and
20 to 25 were 5.9%, 3.8%, and 1.3%, respectively; Fig 2C).

In this study, we evaluated patterns of recurrence for patients
included in the ﬁrst generation of IBCSG trials of adjuvant
treatment. Our focus was on events occurring during extended
follow-up to consider treatments, such as prolonged endocrine
therapies for ER-positive disease, that might target this speciﬁc type
of relapse. The limited amount of clinical trial data assessing the
magnitude of the hazard ratios for late recurrence may in fact result
in unnecessary extended adjuvant endocrine therapy for some or,
conversely, a lack of effective extended treatment for others.
Although several studies of hazard ratios after 10 years are
available in the literature,19-22 limited data have been reported after
a careful extended follow-up within the context of clinical trials.
Other limitations include no description of biologic features20 or
adjuvant systemic treatment received19 and limited sample size.21
Since 1978, the IBCSG has had the policy of regular lifelong
follow-up and collection of sites and dates of ﬁrst and all subsequent events. The member institutions maintained collaboration
with the IBCSG during the years and carried the costs for the
follow-up of the patients, regarding it as a moral obligation. To our
knowledge, the current study, based on prospectively deﬁned and
quality-controlled databases for the ﬁrst generation of IBCSG
© 2016 by American Society of Clinical Oncology
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Table 3. Cumulative Incidence of Site-Speciﬁc First Breast Cancer Events by Year From Random Assignment
Cumulative Incidence (%; SE)
Event
Local only
ER positive
ER negative
Contralateral breast 6 local
ER positive
ER negative
Regional 6 above
ER positive
ER negative
Distant 6 above
ER positive
ER negative

Year 5

Year 10

Year 15

Year 20

Year 25

8.8 (0.7)
6.9 (0.8)

11.2 (0.7)
8.0 (0.8)

11.9 (0.8)
8.1 (0.8)

12.5 (0.8)
8.3 (0.8)

12.6 (0.8)
8.3 (0.8)

2.2 (0.3)
1.3 (0.3)

3.9 (0.5)
2.7 (0.5)

5.1 (0.5)
3.8 (0.6)

6.2 (0.6)
5.3 (0.7)

6.5 (0.6)
6.2 (0.8)

5.0 (0.5)
9.0 (0.8)

6.2 (0.6)
10.0 (0.9)

7.0 (0.6)
10.0 (0.9)

7.3 (0.6)
10.0 (0.9)

7.5 (0.6)
10.1 (0.9)

23.4 (1.0)
27.1 (1.3)

31.9 (1.1)
31.8 (1.4)

35.0 (1.1)
33.4 (1.4)

37.4 (1.2)
34.1 (1.4)

38.3 (1.2)
35.3 (1.5)

NOTE. Data are shown as percentage (SE).
Abbreviation: ER, estrogen receptor.

randomized clinical trials, provides the largest population of
patients included in clinical trials with extended follow-up
(median, 24 years) available.
We have demonstrated that the hazards of recurrence and
death decreased consistently until year 10 but then remained stable
after year 10 through year 25. We have also shown that patients
with ER-positive tumors continued to have a higher risk of relapse,
including distant metastases, during years 5 to 25, reinforcing the
need for long-term clinical follow-up to understand the pattern of
recurrence of breast cancer and conﬁrm that micrometastases are
completely eradicated.
Regarding locoregional events, it is important to note that all
patients entered the trials after mastectomy and axillary clearance,
with at least eight axillary nodes removed. At that time, this
standardized surgical approach excluded locoregional radiotherapy.
A recently published overview, without results according to ER
status, demonstrated that for women with node-positive disease,
postmastectomy radiotherapy reduced locoregional recurrence as
ﬁrst relapse site within a 10-year follow-up period.6 Our study shows
a locoregional ﬁrst recurrence risk at 24 years of follow-up that is
slightly lower than that seen in the overview control group, with a
pattern of late events almost exclusively seen in the ER-positive
cohort (Data Supplement). The incidence of locoregional recurrence
as ﬁrst recurrence site might have been reduced had radiotherapy
been used for patients at high risk for recurrence.
In the seminal study by Saphner et al,1 a signiﬁcant relapse rate
was maintained after year 5 for patients with ER-positive disease,
although because of the small number of patients evaluable after year
10, no deﬁnite conclusion could be drawn on outcome after prolonged follow-up. Subsequently, other studies showed a different
pattern of relapse for ER-positive and ER-negative disease after a
median follow-up generally not exceeding 10 years.9 We have
reported that the hazard rates for ER-negative and ER-positive disease
started to diverge quite early and then crossed between years 2 and 3,
after which women with ER-negative tumors had a lower rate of
death resulting from breast cancer than those with ER-positive
tumors. Consequently, the Kaplan-Meier estimates of BCFI rates
crossed between the eighth and ninth years, after which the percentage
of women with ER-negative tumors who were breast cancer free was
higher than that of those with ER-positive tumors (Fig 3A).
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Notably, the recurrence rate was different according to nodal
status. Others have demonstrated that the contrast between early
and late recurrences is larger in the subsets with the greatest tumor
burden, where patients have a more abrupt decrease in recurrence
rate,1 as shown in our study. Conversely, patients with the lowest
tumor burdens, namely those with no axillary involvement or one
to three positive nodes, exhibited the minimum contrast between
early and late hazards of recurrence, maintaining a constant risk of
relapse after 10 years of follow-up (Fig 2C). It is of interest that, in
our series, late events were similar for patients with ER-positive
disease who initially presented with high or low burden of
metastatic lymph nodes.
Several factors might in fact inﬂuence the lag time between
surgery and appearance of metastases. It is intuitive that recurrences in
locally advanced cancers are related to metastases already evident or
appearing soon. Conversely, the late appearance of metastases in ERpositive low-stage breast cancer occurring many years after diagnosis
might not be related exclusively to the low rate of proliferation.23-25
Several mechanisms have been proposed, including angiogenic
switch, immunosurveillance, and interaction with extracellular matrix
and stromal cells,26,27 but late relapses and related mechanisms still
represent a major clinical challenge and a research priority.28
Our ﬁndings are also useful for formulating strategies for
breast cancer follow-up and management in asymptomatic patients after surgery, supporting the need for long-term clinical
follow-up in selected subpopulations. A noted outcome of proper
follow-up is improvement in quality of life. In particular, in
previously reported studies, the value of follow-up was related to
diagnosis of recurrence, patient anxiety, and maintenance of
health-related quality of life.29,30 This outcome could be related not
only to the investigation of symptoms and communication of test
results, but also to physician awareness of the results of ongoing
investigations as well as history of the disease.31 Long-term followup is an orphan item that is not given sufﬁcient priority or
attention in the clinical trials community. Data from long-term
observation of trial populations might provide valuable information on morbidity and delayed costs of treatments.
To our knowledge, our retrospective study represents the
largest series reporting outcomes of patients included in
randomized clinical trials at a median follow-up of 24 years.
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Table 4. Hazard of Recurrence by 5-Year Interval According to ER Status for Subgroups Deﬁned by Number of Positive Axillary Nodes, Tumor Size, Menopausal Status,
Tumor Grade, and Treatment
Hazard (%; SE)
Variable
No. of positive axillary nodes
0
ER positive
ER negative
1-3
ER positive
ER negative
$4
ER positive
ER negative
Tumor size, cm
#2
ER positive
ER negative
.2
ER positive
ER negative
Menopausal status
Premenopausal
ER positive
ER negative
Postmenopausal
ER positive
ER negative
Tumor grade
1
ER positive
ER negative
2
ER positive
ER negative
3
ER positive
ER negative
Treatment
Observation
ER positive
ER negative
Hormonal therapy 6 chemotherapy
ER positive
ER negative
Chemotherapy without hormonal therapy
ER positive
ER negative

Years 0-5

Years 5-10

Years 10-15

Years 15-20

Years 20-25

5.8 (0.5)
6.7 (0.6)

3.3 (0.4)
2.1 (0.4)

2.0 (0.4)
1.1 (0.3)

2.1 (0.4)
1.6 (0.4)

1.1 (0.4)
1.1 (0.5)

9.5 (0.6)
9.2 (0.7)

5.8 (0.6)
3.7 (0.6)

3.0 (0.5)
1.1 (0.4)

3.5 (0.7)
0.9 (0.4)

1.5 (0.6)
1.9 (0.7)

17.2 (0.9)
22.8 (1.2)

10.9 (1.2)
6.2 (1.3)

5.9 (1.2)
2.8 (1.0)

3.8 (1.2)
0.5 (0.5)

1.3 (0.9)
0.8 (0.8)

7.0 (0.4)
8.3 (0.7)

4.8 (0.4)
3.3 (0.5)

2.9 (0.4)
1.3 (0.4)

2.7 (0.5)
1.5 (0.4)

1.5 (0.5)
0.6 (0.4)

12.9 (0.6)
14.0 (0.7)

6.1 (0.6)
3.2 (0.5)

2.9 (0.5)
1.4 (0.4)

2.7 (0.5)
0.9 (0.3)

1.1 (0.5)
2.1 (0.6)

9.6 (0.5)
11.0 (0.6)

5.1 (0.5)
3.6 (0.4)

3.2 (0.4)
1.6 (0.3)

2.8 (0.5)
1.3 (0.3)

1.4 (0.4)
1.8 (0.5)

10.3 (0.5)
12.4 (0.8)

5.8 (0.5)
2.7 (0.5)

2.5 (0.4)
0.8 (0.3)

2.8 (0.5)
1.0 (0.4)

1.0 (0.5)
0.6 (0.4)

5.8 (0.6)
4.9 (1.1)

4.9 (0.7)
2.5 (0.9)

3.6 (0.7)
1.6 (0.8)

4.0 (0.9)
2.4 (1.1)

0.7 (0.5)
4.7 (1.9)

9.6 (0.5)
11.7 (0.9)

6.3 (0.5)
5.2 (0.8)

2.8 (0.4)
2.5 (0.6)

2.7 (0.5)
2.3 (0.7)

1.8 (0.5)
1.0 (0.6)

14.1 (0.8)
13.0 (0.7)

4.1 (0.6)
2.4 (0.4)

2.5 (0.6)
0.7 (0.2)

2.4 (0.7)
0.3 (0.2)

0.4 (0.4)
1.0 (0.4)

9.5 (0.9)
11.8 (1.2)

4.1 (0.7)
2.8 (0.8)

2.5 (0.7)
0.3 (0.3)

2.7 (0.8)
2.2 (0.8)

1.2 (0.7)
1.0 (0.7)

9.6 (0.4)
10.6 (0.6)

5.2 (0.4)
3.3 (0.4)

2.8 (0.4)
1.7 (0.3)

3.0 (0.4)
1.1 (0.3)

1.3 (0.4)
1.5 (0.4)

11.3 (0.9)
16.1 (1.5)

7.4 (1.0)
3.4 (1.1)

3.4 (0.8)
0.4 (0.4)

1.8 (0.7)
0.0 (0)

1.4 (1)
1.0 (1)

NOTE. Data are shown as percentage (SE).
Abbreviation: ER, estrogen receptor.

However, our study of long-term follow-up has the same limitation
that affects all such analyses; the adjuvant systemic therapies
studied in trials that accrued patients from 1978 to 1985 are not the
same as those routinely offered to patients today. A signiﬁcant
improvement in breast cancer relapse–free survival was in fact shown
for patients treated in the modern era, compared with patients treated
several decades ago, possibly related to the better efﬁcacy of modern
adjuvant treatment approaches.32 For example, in the reported trials,
aromatase inhibitors were not used; endocrine treatment duration
was shorter than recommended by current guidelines, which advise
up to 10 years, especially for node-positive disease; and few
premenopausal patients were treated with oophorectomy and none
with ovarian suppression. Moreover, commonly used adjuvant
www.jco.org

chemotherapy regimens act primarily on the early hazard peak of
recurrences and deaths (reducing the risk of events during the ﬁrst
years after initial diagnosis).33 A similar effect with treatment
affecting primarily the earlier hazard peak has been shown for
adjuvant endocrine treatments.34 Thus, although modern therapies
might reduce the hazard of early recurrences like those shown in our
report, their inﬂuence on later recurrence risk is less certain, and in
fact, the newer treatments might delay rather than eliminate
recurrence risk. Unfortunately, with current clinical trial designs
terminating follow-up at 10 years, we may never know the answer.
Another limitation of our study is that factors used for
treatment choice today, such as human epidermal growth factor
receptor 2/neu expression, were not available in our database.
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Consequently, the tumor subgroups identiﬁed in our analysis
include heterogeneous groups of tumors, and the identiﬁcation of
additional tumor subtypes amenable to targeted treatments represents a research priority. In particular, the ER-positive subgroup
is highly heterogeneous and might be separated into different
subpopulations (eg, luminal A or B) that could behave differently
during extended follow-up.35
In conclusion, the risk of breast cancer recurrence continues
through 24 years after primary treatment, supporting the
importance of continuing care for patients with breast cancer. We
identiﬁed a population (ER positive) that maintains a signiﬁcant
risk of relapse even after more than 10 years of follow-up. New
targeted treatments and different modes of breast cancer surveillance for preventing late recurrences within this population
should be studied. Developing cost-effective mechanisms to
maintain the follow-up of patients enrolled in current randomized
clinical trials is essential.
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