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A B S T R A C T

Purpose
To determine whether the patterns of relapse according to estrogen receptor (ER) and human
epidermal growth factor receptor 2 (HER2) status changed in the contemporary era.

Patients and Methods
Female patients referred to the British Columbia Cancer Agency with biopsy-proven stage I to III
breast cancer (BC), diagnosed between 1986 and 1992 (cohort 1 [C1]) and between mid-2004 and
2008 (cohort 2 [C2]), and with known ER and HER2 status were eligible. Data were prospectively
collected. C2 patients were matched to C1 patients for stage, grade, and ER and HER2 status. The
primary end point was hazard rate of relapse (HRR) for BC by study cohort according to biomarker
status. Secondary outcomes included HRR according to stage, grade, and age and hazard rate of
death (HRD).

Results
After matching, 7,178 patients were included (3,589 patients in each cohort). BC subtype
distribution was as following ER positive/HER2 negative, 70.8%; ER positive/HER2 positive, 6.9%;
ER negative/HER2 positive, 6.6%; and ER negative/HER2 negative, 15.8%. For the overall
population, the HRR approximately halved in all yearly intervals to year 9 in C2 compared with C1.
Differences in HRR between cohorts were greater in the initial five intervals for HER2-positive and
ER-negative/HER2-negative BC. The HRR decreased in C2 compared with C1 for all disease
stages and grades. The HRD in C2 also decreased compared with C1, although to a lesser extent.

Conclusion
Although the pattern of relapse remains similar, there has been a significant improvement in BC
relapse-free survival. Outcomes have improved for all BC subtypes, especially HER2-positive and
ER-negative/HER2-negative BC, with the early spike in disease recurrence markedly decreased.
These contemporary hazard rates are important for treatment decisions, patient discussions, and
planning clinical trials of early BC.

J Clin Oncol 32. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Breast cancer (BC) is the most common cancer di-
agnosed among women in the United States and the
second leading cause of cancer death among
women.1 More than 90% of all BCs are diagnosed at
a localized stage and treated with curative intent.2

In the 1990s, Saphner et al3 reported different
patterns of BC recurrence according to estrogen re-
ceptor (ER) positivity for patients diagnosed from
1978 to 1988. The hazard of recurrence for ER-
negative patients was higher in years 0 to 5 and
decreased significantly with time. For ER-positive
patients, the hazards of recurrence remained rela-
tively constant. Between years 3 and 4, the hazard of
recurrence for ER-negative and ER-positive patients

crossed and was higher for ER-positive patients
beyond 5 years. This study was pivotal in our
understanding of the patterns of relapse in inva-
sive BC and has been quoted extensively in clinical
and research practice.4-12

BC is now classified according to molecular
factors that predict response to treatment.13,14 Al-
though patients continue to experience relapse,
contemporary studies in early BC report unex-
pectedly good outcomes in standard treatment
arms, requiring much longer follow-up, increased
expense, and potential patient exposure to futile
experimental therapies.15-20

In this large retrospective analysis, our aim was
to demonstrate the current patterns of disease re-
lapse and outcomes of patients with BC treated with
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curative intent in the modern treatment era (2004 to 2008) and to
compare this with a historic cohort from 1986 to 1992 in British
Columbia, an era similar to the initial series by Saphner et al.3

PATIENTS AND METHODS

Patient Population

We reviewed female patients with biopsy-proven, newly diagnosed, stage
I to III BC, who were diagnosed between January 1986 and December 1992
(cohort 1 [C1]) and between July 2004 and December 2008 (cohort 2 [C2])
and referred to the British Columbia Cancer Agency. Patients with unknown
ER or human epidermal growth factor receptor 2 (HER2) status, a previous or
synchronous invasive BC, or noninvasive BC were excluded.

Data were extracted from the prospectively collected Breast Cancer Out-
comes Unit Database to determine clinical, pathologic, treatment, and out-
come variables. Health information management professionals trained in data
abstraction reviewed the complete medical record of eligible patients. Infor-
mation, including age at diagnosis, stage,21 grade, histology, biomarkers (ER
and HER2), and lymphovascular invasion, was extracted. Data on systemic
therapy (ie, chemotherapy, anti-HER2 therapy, and hormonal therapy) and
dates of diagnosis, disease relapse, and death were also obtained.

Disease relapse was defined as any locoregional (within the confines of
the ipsilateral breast, chest wall, or regional lymph nodes) or distant BC
recurrence after initial therapy. Additional manual electronic chart data ex-
traction was performed for missing values on receptor status and grade. To
adjust for possible imbalances, C1 and C2 patients were matched in a 1:1 ratio
for disease stage, grade, ER status, and HER2 status.

Treatment Guidelines for the Two Cohorts

British Columbia has treatment guidelines that evolve with new data. In
C1, no systemic therapy (cyclophosphamide, methotrexate, and fluorouracil
or doxorubicin and cyclophosphamide) was recommended for node-negative
patients with tumors less than 2 cm without lymphovascular invasion. Two
years of tamoxifen was given to postmenopausal but not premenopausal
women. In C2, policy changes included the introduction of aromatase inhib-
itors, taxanes, and trastuzumab, as well as the increased use of regional nodal
radiotherapy, tamoxifen for premenopausal women, prolonged hormonal
therapy from 2 to 5 or more years, and second and third lines of systemic
therapy at relapse.22 The Screening Mammography Program of British Co-
lumbia (SMPBC) was implemented in 1988.

BC Classification

BC subtypes were classified according to ER and HER2 status into four
categories as follows: ER positive/HER2 negative, ER positive/HER2 positive,
ER negative/HER2 positive, and ER negative/HER2 negative. ER status was
determined by the dextran-coated charcoal (DCC) biochemical method in C1
at the time of diagnosis.23 ER status was considered positive if the ER protein
level was � 10 fmol/mg and negative if the protein level was less than 10
fmol/mg. In cohort 2, ER was evaluated by immunohistochemistry (IHC)
staining and was considered positive if staining � 1% of tumor tissue.24,25

HER2 status was determined by IHC staining. Tumors were considered
HER2 positive if they scored 3� on IHC, indeterminate if 2�, and negative if
1� or 0. When IHC was indeterminate, tumors were considered HER2 posi-
tive with amplification (ratio � 2.0) by fluorescence in situ hybridization
analysis.26 For C1 patients, the tissue microarray technique was used to obtain
tumor from paraffin-embedded blocks to determine HER2 status, as de-
scribed in detail by Cheang et al.24 HER2 was tested by IHC, followed by
fluorescence in situ hybridization analysis if required.

Outcome Measures

The primary end point of this study was to compare the hazard rate of BC
relapse (hazard rate of relapse [HRR]) between C1 and C2 according to ER
status and tumor subtypes and to establish contemporary patterns of relapse.

Secondary outcomes included the HRR according to disease stage, grade, and
age category and the hazard rate of death (HRD).

A relapse event was defined as any disease recurrence. Secondary cancers
were censored. A mortality event was defined as death from any cause. For all
patients who died of BC without a diagnosis of disease recurrence, a recurrence
date was imputed 12 months before the date of death.

Statistical Analysis

The �2 and Fisher’s exact tests were used to compare characteristics
between study cohorts. All statistical tests were two-sided, and P � .05 was
considered statistically significant. The life-table method was used to calculate
the annual hazards of recurrence (HRR) and death (HRD). The annual haz-
ards were plotted at each 1-year interval after diagnosis until year 9, with a total
of nine yearly intervals (intervals 0 to 8). The ratio between the hazards of C1
and C2 is demonstrated as C2/C1. SPSS for Windows version 14.0 (SPSS,
Chicago, IL) was used for all statistical analyses. The study was approved by the
Research Ethics Board of the British Columbia Cancer Agency.

RESULTS

The Breast Cancer Outcomes Unit database identified 12,336 eligible
patients. After case matching, 7,178 patients were included in the
analysis (3,589 patients in each cohort; Fig 1). Patient characteristics of
the entire cohort are listed in Appendix Table A1 (online only), and
patient characteristics of the matched cohort are listed in Table 1. All
described results will refer to the matched cohort population. Median
follow-up times were 15.5 and 6.1 years in C1 and C2, respectively.
The delivery of chemotherapy, hormone therapy, and anti-HER2
agent was different between study cohorts. Chemotherapy was given
to 26.3% of patients in C1 versus 52.7% of patients in C2 (P � .001).
ER-positive patients received hormone therapy in 46.7% of patients in
C1 versus 86.6% in C2 (P � .001). Patients in C1 did not receive any
HER2-targeted adjuvant therapy, whereas 72.0% of HER2-positive
patients in C2 received adjuvant anti-HER2 treatment.

Disease Relapse

One thousand seven hundred four patients experienced disease
relapse in the first 9 years of follow-up. The HRR approximately
halved in C2 compared with C1 up to year 7. After year 7, the C2/C1
HRR ratio decreased to less than 0.5, but the number of long-term
follow-up patients in C2 diminished (Data Supplement).

Eligible patients
(N = 12,336)

Included
(n = 7,178)

Cohort 1
(n = 3,589)

Cohort 2
(n = 3,589)

Cohort 1
(n = 3,672)

Cohort 2
(n = 8,664)

Case matching for
stage, grade, ER, HER2

Fig 1. CONSORT diagram. ER, estrogen receptor; HER2, human epidermal
growth factor receptor 2.
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ER Status

The HRR for ER-negative tumors was higher than the HRR
for ER-positive tumors during the initial years of follow-up. In C1,
the HRR for ER-negative tumors was higher in the first 4 years; the
HRR for ER-positive tumors had a smooth peak in the first 3 years
and remained relatively stable after year 5. Between years 4 and 5,
the hazards of ER-negative and ER-positive patients crossed. In C2,

the HRR for ER-negative patients was also higher in the initial 4
years; the HRR for ER-positive patients had a slight peak in the first
3 years and remained relatively stable after year 5. Again, the HRR
of ER-negative and ER-positive patients crossed between years 4
and 5 (Fig 2, Table 2).

Despite the same pattern of disease relapse over time for ER-
negative and ER-positive patients between study cohorts, the HRR of

Table 1. Patient Characteristics of Matched Cohorts

Characteristic

Cohort 1 (1986 to 1992;
n � 3,589)

Cohort 2 (mid-2004 to 2008;
n � 3,589)

PNo. of Patients % No. of Patients %

Age, years
Median 60 58
Range 23-95 23-97
� 40 272 7.6 200 5.6 � .001
40-49 763 21.3 776 21.6
50-59 731 20.4 955 26.6
60-69 944 26.3 831 23.2
� 70 879 24.5 827 23.0

ER status
ER negative 803 22.4 803 22.4
ER positive 2,786 77.6 2,786 77.6

Biomarkers
ER positive/HER2 negative 2,540 70.8 2,540 70.8
ER positive/HER2 positive 246 6.9 246 6.9
ER negative/HER2 positive 237 6.6 237 6.6
ER negative/HER2 negative 566 15.8 566 15.8

Stage
I 1,237 34.5 1,237 34.5
II 1,660 46.3 1,660 46.3
III 678 18.9 678 18.9
Unknown 14 0.4 14 0.4

Grade
1 180 5.0 180 5.0
2 1,446 40.3 1,446 40.3
3 1,887 52.6 1,887 52.6
Unknown 76 2.1 76 2.1

Histology � .001
Invasive ductal 3,322 92.6 3,296 91.8
Invasive lobular 198 5.5 275 7.7
Other 69 1.9 18 0.5

LVI .018
LVI positive 948 26.4 870 24.2
LVI negative 2,439 68.0 2,549 71.0
Unknown 202 5.6 170 4.7

Adjuvant chemotherapy � .001
Yes 943 26.3 1,893 52.7

First generation 676 71.7 202 10.7
Second generation 159 16.9 517 27.3
Third generation 108 11.5 1,174 62.0

No 2,644 73.7 1,691 47.1
Unknown 2 0.1 5 0.1

Hormone therapy in ER-positive disease � .001
Yes 1,302 46.7 2,409 86.6
No 1,484 53.3 373 13.4
Unknown 0 4 0.1

Anti-HER2 agent in HER2-positive disease � .001
Yes 0 0 348 72.0
No 483 100 135 28.0

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; LVI, lymphovascular invasion.
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C2 was approximately half of C1 for almost all yearly intervals in
ER-negative patients, and the HRR C2/C1 ratio ranged from 0.26 to
0.56 throughout the yearly intervals in ER-positive patients.

Tumor Subtype

The HRR according to tumor subtype was compared between C1
and C2. For ER-positive/HER2-negative tumors, the HRR in C2
ranged from 0.3 to 0.62 of C1 throughout the yearly intervals. For
ER-positive/HER2-positive disease, the peak of disease recurrence in
the first 5 years seen in C1 was not observed in C2, with an HRR in C2
less than half of that of C1, except for comparison interval 5. For
ER-negative/HER2-positive disease, the peak of disease relapse seen in
C1 was still present in C2 but reduced in magnitude, with an HRR of
C2 lower than 0.5 of C1 in the initial 5 years, with few events afterward.
For ER-negative/HER2-negative disease, the HRR of C2 also im-
proved in comparison to C1, but to a lesser extent than for other
subtypes. The C2/C1 HRR ratio ranged from 0.55 to 0.87 in the initial
seven intervals and then reached zero in both cohorts. The peak of
disease recurrence in the initial 5 years persisted in C2 (Fig 3, Table 3).

Disease Stage and Grade

The HRR was lower in C2 compared with C1 across all disease
stages (Data Supplement) and tumor grades (Data Supplement).

Age

Age distribution was not uniform between cohorts.
Younger patients (� 50 years old) had a higher HRR compared
with older patients (� 50 years old) in C1 in the first 5 years of
follow-up. In C2, this difference was minimal (Data Supple-
ment). Comparing the same age categories, the HRR of C2 is lower
than that of C1 for all comparison intervals. Younger patients
(� 50 years old) in C1 were less frequently ER positive/HER2
negative and more frequently ER negative/HER2 negative than in
C2 (Data Supplement).

Mortality

For the entire study population, the HRD was reduced in C2
compared with C1 during the follow-up time, with the exception of
the first yearly interval (Data Supplement). The HRD was higher for
ER-negative patients in the first years after diagnosis in both cohorts.
For ER-positive patients, the HRD increased over the years and
crossed that of the ER-negative patients at year 6 in C1 and at year 5 in
C2 (Data Supplement). The greatest relative HRD reductions in C2
were observed in HER2-positive disease. For HER2-negative disease, a
reduction in the HRD was not observed across all yearly intervals
(Table 4).
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Fig 2. Hazard rate of relapse according to estrogen receptor (ER) status in (A) cohort 1 and (B) cohort 2.

Table 2. HRR According to ER Status per Study Cohort

ER Status
and Cohort

HRR at 1-Year Interval (%)

0 1 2 3 4 5 6 7 8

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

ER positive
C1 3.1 0.7 6.7 1.0 5.5 0.9 4.8 0.9 4.3 0.9 4.1 0.9 3.1 0.8 3.4 0.9 2.0 0.7
C2 1.6 0.5 2.6 0.6 3.1 0.7 2.5 0.6 2.2 0.6 1.7 0.6 1.6 0.8 0.9 0.8 0.7 1.3
C2/C1 ratio 0.52 0.39 0.56 0.52 0.51 0.41 0.52 0.26 0.35

ER negative
C1 10.8 2.3 17.1 3.2 12.7 3.0 5.8 2.1 3.4 1.7 1.8 1.2 1.8 1.3 1.4 1.1 1.5 1.2
C2 5.8 1.7 8.6 2.1 6.4 1.9 3.2 1.4 1.4 1.0 0.9 0.9 0.9 1.1 0.6 1.1 0 0
C2/C1 ratio 0.54 0.50 0.50 0.55 0.41 0.50 0.50 0.43 0

Abbreviations: ER, estrogen receptor; HRR, hazard rate of relapse; SD, standard deviation.
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DISCUSSION

The description by Saphner et al3 of different patterns of relapse
has been a mainstay of clinical practice and research, particularly
the discreet outcomes between estrogen-sensitive and estrogen-
insensitive tumors.27,28 Recently, a distinction between the HER2-
overexpressing cancers according to ER status has been described.29

We have shown that the timing and patterns of relapse differ accord-
ing to BC molecular subtypes and that these patterns persist with
current therapies, albeit with better overall outcomes.

After reproducing the curves of Saphner et al3 in our initial
cohort of patients, we have demonstrated that the pattern of relapse
over time according to ER status remains similar in a recent cohort.
Not only have the HRR curves in C2 improved with better outcomes
overall, but also the peak of the curve seen in ER-negative cancers has
become attenuated. The HRD in C2 has also maintained a similar

pattern compared with C1 but with overall improvements. A higher
benefit was again seen in the early peak of mortality in the ER-negative
patients. The greatest improvements in outcomes were achieved in the
BC subtypes known to be more aggressive, namely the HER2-positive
and ER-negative/HER2-negative patients. Although a higher peak of
relapse and death remains in the early years after diagnosis, the de-
crease in relapse rate is likely explained by the use of more comprehen-
sive and appropriate systemic and locoregional treatments with
recognition of the subtypes.

Park et al12 have also demonstrated different HRRs according to
BC molecular subtypes in a cohort of patients diagnosed between 1999
and 2005, with the HRR for HER2-positive and triple-negative BC
reaching a peak approximately 1 year after diagnosis. A different rate
of locoregional relapse was seen, with higher rates for the HER2-
positive subgroup. However, the patients in this study were treated
before the standard use of adjuvant trastuzumab. Other studies
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Fig 3. Hazard rate of relapse according to tumor subtype in (A) cohort 1 and (B) cohort 2. ER, estrogen receptor; HER2, human epidermal growth factor receptor 2.

Table 3. Relapse Hazards According to Study Cohort and Tumor Subgroup

Tumor Subgroup and
Cohort

HRR at 1-Year Interval (%)

0 1 2 3 4 5 6 7 8

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

ER positive/HER2 negative
C1 2.8 0.7 6.1 1.0 5.0 0.9 4.3 0.9 4.1 0.9 4.2 0.9 3.1 0.8 3.3 0.9 1.9 0.7
C2 1.4 0.5 2.6 0.6 3.1 0.7 2.3 0.6 2.1 0.6 1.6 0.6 1.7 0.8 1.0 0.9 0.7 1.4
C2/C1 ratio 0.50 0.43 0.62 0.53 0.51 0.38 0.55 0.30 0.37

ER positive/HER2 positive
C1 6.8 3.3 13.7 0.5 12.1 5.1 10.7 5.1 6.9 4.3 3.8 3.3 3.2 3.1 4.3 3.8 2.8 3.2
C2 2.9 2.2 2.6 2.1 2.7 2.2 3.8 2.6 3.2 2.5 2.1 2.4 0 0 0 0 0 0
C2/C1 ratio 0.43 0.19 0.22 0.36 0.46 0.55 0 0 0

ER negative/HER2 positive
C1 14.1 0.5 23.3 7.0 17.2 6.7 7.9 4.9 6.0 4.5 2.7 3.1 1.9 2.6 1.9 2.7 2.0 2.8
C2 4.8 2.8 8.9 4.0 7.2 3.7 3.3 2.6 0.6 1.2 0 0 0 0 2.1 4.0 0 0
C2/C1 ratio 0.34 0.38 0.42 0.42 0.10 0 0 1.11 0

ER negative/HER2 negative
C1 9.5 2.6 14.7 3.4 11.1 3.2 5.1 2.3 2.6 1.7 1.5 1.3 1.8 1.5 1.3 1.2 1.3 1.3
C2 6.2 2.1 8.5 2.5 6.1 22 3.2 1.7 1.8 1.3 1.3 1.2 1.2 1.5 0 0 0 0
C2/C1 ratio 0.65 0.58 0.55 0.63 0.69 0.87 0.67 0 0

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HRR, hazard rate of relapse; SD, standard deviation.
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confirm the influence of BC subtypes on the rates of locoregional
relapse30-33 and distant recurrence.30,34-36

Our analysis also showed a greater HRR for higher disease stage
and grade, which is consistent with the results of Saphner et al3 and
others.12 However, the biology of the disease inferred by BC subtypes
seems to be the major driver. Higher disease stage and tumor grade are
associated with a larger percentage of the more aggressive subtypes,
namely HER2-positive and ER-negative/HER2-negative disease
(Data Supplement). Other studies have confirmed the independent
impact of BC subtypes on outcomes after adjusting for other prognos-
tic factors.30,32,36-38

We evaluated the impact of age on the HRR as a surrogate
marker for menopausal status. In C1, younger age was associated
with worse early outcomes compared with an older group of pa-
tients. However, this was not true for C2. Saphner et al3 also
showed a worse outcome for premenopausal patients, which is
possibly explained by worse disease biology and a lack of appropri-
ate treatment, rather than age alone.

The method of diagnosis has an important prognostic role in
BC, and this is a limitation of our study. Reports suggest that
patients with tumors detected by screening mammography may
have a longer time to distant recurrence and longer survival com-
pared with interval or symptomatically detected BC.39 This is par-
tially explained by a lead-time bias associated with stage shift.
Although matching for stage may decrease the effect, it does not
correct for this bias completely because of the within-stage shift
that also occurs.40 Screen-detected cancers also tend to grow more
slowly, creating a length-time bias. Matching for tumor biology
would theoretically compensate for this bias. The SMPBC began in
1988. An increase in diagnosis was primarily driven by population
aging and growth and predates 1988.41 Moreover, the rate of inva-
sive BC overdiagnosis with the implementation of the SMPBC was
modest, reported as 5.4%. Although our matching will not exclude
the bias of increased screening in C2, it will reduce its impact.

The introduction of new systemic agents, including
chemotherapy,42-49 HER2-targeted agents,50-54 and hormonal thera-
pies,55 in the curative setting has contributed to our results. The HRR
plot in C2 of the ER-positive/HER2-positive patients approaches that
of the ER-positive/HER2-negative patients, supporting the efficacy of
anti-HER2 agents. However, the reduced but persistent peak of early
recurrence in ER-negative/HER2-positive disease signals the need for
new treatment strategies, including dual HER2 blockade.

The ER-negative/HER2-negative patients also maintain a per-
sistent early peak of disease recurrence, with reduced improvement
in C2 compared with C1. These tumors are orphans of efficacious
therapy to date. They are recognized as a nonhomogeneous entity
that can be further classified into at least six subgroups,56-58 which
challenges research efforts of trials targeted for these smaller, spe-
cific biologic groups.59,60

The benefit from chemotherapy is known to occur mostly in the
initial 3 years after treatment.61 The improvements seen in our study
extend throughout the follow-up period, likely representing both im-
proved treatment strategies and increased screening. In ER-positive
patients, the widespread and more prolonged use of hormone therapy
and more efficacious agents has affected outcomes. For ER-negative
patients, chemotherapy results in dramatic decreases in early recur-
rence rates. The benefit extends beyond the 3-year period, with no
rebound effect, and is probably associated with other treatment ad-
vances including greater attention to negative surgical margins and
regional radiotherapy in node-positive patients.

Longer follow-up of C2 patients is needed to confirm that ER-
positive disease continues to relapse beyond 10 years after diagnosis.
Recent evidence showing improved outcomes with extended adjuvant
hormonal therapy18,62,63 may affect the HRR for these patients. On-
going studies of other targeted agents64 may also impact late relapse
rates of ER-positive tumors, which emphasizes the importance of
periodically revisiting the long-term hazard rate patterns.

Table 4. Hazard of Death According to Tumor Subtype

Tumor Subtype and Cohort

HRD at 1-Year Interval (%)

0 1 2 3 4 5 6 7 8

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

ER positive/HER2 negative
C1 0.5 0.3 2.8 0.7 4.1 0.8 4.2 0.8 4.4 0.9 3.7 0.8 5.8 1.0 5.6 1.1 3.7 0.8
C2 1.3 0.5 1.9 0.5 3.3 0.7 2.7 0.7 3.3 0.8 4.4 1.0 3.6 1.2 3.2 1.5 2.6 2.6
C2/C1 ratio 2.60 0.68 0.80 0.64 0.75 1.19 0.62 0.57 0.70

ER positive/HER2 positive
C1 1.2 1.4 4.6 2.7 12.8 4.7 10.9 4.6 8.0 4.2 8.6 4.5 4.6 3.4 7.7 4.6 8.4 4.9
C2 0.8 1.1 2.9 2.2 1.7 1.7 5.3 3.0 3.9 2.7 1.3 1.8 3.0 3.4 3.9 5.4 0 0
C2/C1 ratio 0.67 0.63 0.13 0.49 0.49 0.15 0.65 0.51 0

ER negative/HER2 positive
C1 3.9 2.5 14.6 5.1 12.4 5.1 13.5 5.6 9.7 5.1 5.2 3.9 1.5 2.1 1.6 2.2 3.2 3.1
C2 0.8 1.2 6.6 3.3 5.1 3.0 9.5 4.3 1.7 1.9 2.1 2.4 0 0 0 0 0 0
C2/C1 ratio 0.21 0.45 0.41 0.70 0.18 0.40 0 0 0

ER negative/HER2 negative
C1 2.7 1.4 9.5 2.6 7.9 2.5 10.5 3.0 5.2 2.2 4.9 2.2 4.3 2.1 2.5 1.6 2.3 1.6
C2 3.2 1.5 6.4 2.2 5.2 2.0 4.4 1.9 5.1 2.1 3.8 2.0 3.7 2.4 0.7 1.4 3.1 6.2
C2/C1 ratio 1.19 0.67 0.66 0.42 0.98 0.78 0.86 0.28 1.35

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HRD, hazard rate of death; SD, standard deviation.
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The use of ER and HER2 status as the only markers to identify
the BC subtypes is a potential limitation of our study. Our classifi-
cation aims to reflect the underlying biology of BC, as an approx-
imation of the molecular subtypes. It is reasonable to assume such
correlation based on these two markers, because they remain in
daily clinical use. Progesterone receptor is strongly correlated with
ER status. Ki-67 methodologies have not been standardized to
date.65 ER status was determined by different but equivalent meth-
odologies in each cohort. The prognostic potential of the DCC and
IHC methods is comparable.66

To enable a historical cohort comparison, HER2 status was de-
termined retrospectively in C1. Previous manipulation for the DCC
technique and long-term tissue storage under possibly suboptimal
conditions might have created artifacts, disrupted membrane integ-
rity, and smashed cellular content, which could compromise the indi-
vidual validity of HER2 testing in C1 patients. However, the large
numbers analyzed in our study should compensate for the individual
inaccuracy of the test. Technical reasons could also explain the lower
incidence of HER2-positive patients in C1. Overall, our BC subgroups
are thought to adequately represent the different BC subtypes.

The shorter follow-up time of C2 patients is another possible
limitation, and the calculated hazards for the later years may be more
uncertain than in C1. However, our large number of study patients at
risk seems statistically adequate.

Although we did not analyze treatment differences between
BC subtypes, there are standard guidelines for care across all British
Columbia Cancer Agency treatment centers and data showing
good adherence to policies.67,68 Thus, the improvement in out-
comes in C2 likely reflects the better efficacy of modern evidence-
based treatment guidelines.

In summary, we demonstrated significant improvements in the
outcomes of patients with stage I to III BC treated in the modern era
compared with a cohort of patients treated in the late 1980s/early
1990s, with a pattern of relapse remaining consistent with the differ-
ences in ER status previously described. Although current treatments
are more effective, we still see late relapses in patients with ER-positive
tumors and an early peak of recurrence in patients with ER-negative
cancers. Contemporary patterns of disease recurrence according to
BC characteristics and subtypes are of upmost importance to ade-
quately inform patients and physicians about prognosis and also to
guide planning of future clinical trials.

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS
OF INTEREST

Disclosures provided by the authors are available with this article at
www.jco.org.

AUTHOR CONTRIBUTIONS

Conception and design: Rachel J.D. Cossetti, Scott K. Tyldesley, Karen
A. Gelmon
Financial support: Karen A. Gelmon
Collection and assembly of data: Rachel J.D. Cossetti, Caroline H.
Speers, Karen A. Gelmon
Data analysis and interpretation: Rachel J.D. Cossetti, Scott K.
Tyldesley, Caroline H. Speers, Yvonne Zheng, Karen A. Gelmon
Manuscript writing: All authors
Final approval of manuscript: All authors

REFERENCES

1. DeSantis C, Ma J, Bryan L, et al: Breast cancer
statistics, 2013. CA Cancer J Clin 64:52-62, 2014

2. Davidson A, Chia S, Olson R, et al: Stage,
treatment and outcomes for patients with breast
cancer in British Columbia in 2002: A population-
based cohort study. CMAJ Open 1:E134-E141, 2013

3. Saphner T, Tormey DC, Gray R: Annual hazard
rates of recurrence for breast cancer after primary
therapy. J Clin Oncol 14:2738-2746, 1996

4. Punglia RS, Kuntz KM, Winer EP, et al: Opti-
mizing adjuvant endocrine therapy in postmeno-
pausal women with early-stage breast cancer: A
decision analysis. J Clin Oncol 23:5178-5187, 2005

5. Kaufmann M, Rody A: Long-term risk of
breast cancer recurrence: The need for extended
adjuvant therapy. J Cancer Res Clin Oncol 131:487-
494, 2005

6. Grunfeld E, Levine MN, Julian JA, et al: Random-
ized trial of long-term follow-up for early-stage breast
cancer: A comparison of family physician versus special-
ist care. J Clin Oncol 24:848-855, 2006

7. Karnon J, Delea T, Johnston SR, et al: Cost
effectiveness of extended adjuvant letrozole in post-
menopausal women after adjuvant tamoxifen ther-
apy: The UK perspective. Pharmacoeconomics 24:
237-250, 2006

8. Anderson WF, Chen BE, Jatoi I, et al: Effects
of estrogen receptor expression and histopathology
on annual hazard rates of death from breast cancer.
Breast Cancer Res Treat 100:121-126, 2006

9. Kennecke HF, Olivotto IA, Speers C, et al:
Late risk of relapse and mortality among postmeno-
pausal women with estrogen responsive early
breast cancer after 5 years of tamoxifen. Ann Oncol
18:45-51, 2007

10. Brewster AM, Hortobagyi GN, Broglio KR, et
al: Residual risk of breast cancer recurrence 5 years
after adjuvant therapy. J Natl Cancer Inst 100:1179-
1183, 2008

11. Mook S, Schmidt MK, Weigelt B, et al: The
70-gene prognosis signature predicts early metasta-
sis in breast cancer patients between 55 and 70
years of age. Ann Oncol 21:717-722, 2010

12. Park S, Koo JS, Kim MS, et al: Characteristics
and outcomes according to molecular subtypes of
breast cancer as classified by a panel of four bio-
markers using immunohistochemistry. Breast 21:
50-57, 2012

13. Perou CM, Sørlie T, Eisen MB, et al: Molecular
portraits of human breast tumours. Nature 406:747-
752, 2000

14. Goldhirsch A, Wood WC, Coates AS, et al: Strat-
egies for subtypes—dealing with the diversity of breast
cancer: Highlights of the St Gallen International Expert
Consensus on the Primary Therapy of Early Breast Can-
cer 2011. Ann Oncol 22:1736-1747, 2011

15. Early Breast Cancer Trialists’ Collaborative
Group (EBCTCG), Peto R, Davies C, et al: Compari-
sons between different polychemotherapy regi-
mens for early breast cancer: Meta-analyses of
long-term outcome among 100 000 women in 123
randomised trials. Lancet 379:432-444, 2012

16. Goldhirsch A, Winer EP, Coates AS, et al:
Personalizing the treatment of women with early

breast cancer: Highlights of the St Gallen Interna-
tional Expert Consensus on the Primary Therapy of
Early Breast Cancer 2013. Ann Oncol 24:2206-2223,
2013

17. Jakesz R, Jonat W, Gnant M, et al: Switching
of postmenopausal women with endocrine respon-
sive early breast cancer to anastrozole after 2 years’
adjuvant tamoxifen: Combined results of ABCSG
trial 8 and ARNO 95 trial. Lancet 366:455-462, 2005

18. Goss PE, Ingle JN, Martino S, et al: Random-
ized trial of letrozole following tamoxifen as ex-
tended adjuvant therapy in receptor-positive breast
cancer: Updated findings from NCIC CTG MA.17.
J Natl Cancer Inst 97:1262-1271, 2005

19. Mamounas EP, Jeong JH, Wickerham DL, et
al: Benefit from exemestane as extended adjuvant
therapy after 5 years of adjuvant tamoxifen:
Intention-to-treat analysis of the National Surgical
Adjuvant Breast and Bowel Project B-33 Trial. J Clin
Oncol 26:1965-1971, 2008

20. Regan MM, Neven P, Giobbie-Hurder A, et al:
Assessment of letrozole and tamoxifen alone and in
sequence for postmenopausal women with steroid
hormone receptor-positive breast cancer: The BIG
1-98 randomised clinical trial at 8·1 years median
follow-up. Lancet Oncol 12:1101-1108, 2011

21. Edge SE, Byrd DR, Compton CC, et al: (eds):
AJCC Cancer Staging Manual (ed 7). New York, NY,
Springer, 2009

22. BC Cancer Agency Cancer Management Guide-
lines: Breast cancer. http://www.bccancer.bc.ca/HPI/
CancerManagementGuidelines/Breast/Management/
default.htm

Breast Cancer Recurrence and Outcome Patterns

www.jco.org © 2014 by American Society of Clinical Oncology 7

169.230.243.252
Information downloaded from jco.ascopubs.org and provided by at UCSF LIBRARY & CKM on December 17, 2014 from

Copyright © 2014 American Society of Clinical Oncology. All rights reserved.

http://www.jco.org
http://www.bccancer.bc.ca/HPI/CancerManagementGuidelines/Breast/Management/default.htm
http://www.bccancer.bc.ca/HPI/CancerManagementGuidelines/Breast/Management/default.htm
http://www.bccancer.bc.ca/HPI/CancerManagementGuidelines/Breast/Management/default.htm


23. Elwood JM, Godolphin W: Oestrogen receptors in
breast tumors: Associations with age, menopausal sta-
tus and epidemiological and clinical features in 735 pa-
tients. Br J Cancer 42:635-644, 1980

24. Cheang MC, Voduc D, Bajdik C, et al: Basal-
like breast cancer defined by five biomarkers has
superior prognostic value than triple-negative phe-
notype. Clin Cancer Res 14:1368-1376, 2008

25. Cheang MC, Chia SK, Voduc D, et al: Ki67
index, HER2 status, and prognosis of patients with
luminal B breast cancer. J Natl Cancer Inst 101:736-
750, 2009

26. Wolff AC, Hammond ME, Schwartz JN, et al:
American Society of Clinical Oncology/College of
American Pathologists guideline recommendations
for human epidermal growth factor receptor 2 test-
ing in breast cancer. J Clin Oncol 25:118-145, 2007

27. Legha SS, Davis HL, Muggia FM: Hormonal
therapy of breast cancer: New approaches and
concepts. Ann Intern Med 88:69-77, 1978

28. Early Breast Cancer Trialists’ Collaborative
Group (EBCTCG), Davies C, Godwin J, et al: Rele-
vance of breast cancer hormone receptors and other
factors to the efficacy of adjuvant tamoxifen:
Patient-level meta-analysis of randomised trials.
Lancet 378:771-784, 2011

29. Slamon DJ, Clark GM, Wong SG, et al: Human
breast cancer: Correlation of relapse and survival
with amplification of the HER-2/neu oncogene. Sci-
ence 235:177-182, 1987

30. Nguyen PL, Taghian AG, Katz MS, et al:
Breast cancer subtype approximated by estrogen
receptor, progesterone receptor, and HER-2 is asso-
ciated with local and distant recurrence after breast-
conserving therapy. J Clin Oncol 26:2373-2378,
2008

31. Voduc KD, Cheang MC, Tyldesley S, et al:
Breast cancer subtypes and the risk of local and
regional relapse. J Clin Oncol 28:1684-1691, 2010

32. Kneubil MC, Brollo J, Botteri E, et al: Breast
cancer subtype approximations and loco-regional
recurrence after immediate breast reconstruction.
Eur J Surg Oncol 39:260-265, 2013

33. Mazouni C, Rimareix F, Mathieu MC, et al:
Outcome in breast molecular subtypes according to
nodal status and surgical procedures. Am J Surg
205:662-667, 2013

34. Zhang HM, Zhang BN, Xuan LX, et al: Clinical
characteristics and survival in the operable breast
cancer patients with different molecular subtypes.
Zhonghua Zhong Liu Za Zhi 31:447-451, 2009

35. Metzger-Filho O, Sun Z, Viale G, et al: Patterns
of recurrence and outcome according to breast
cancer subtypes in lymph node-negative disease:
Results from International Breast Cancer Study
Group trials VIII and IX. J Clin Oncol 31:3083-3090,
2013

36. Puig-Vives M, Sánchez MJ, Sánchez-
Cantalejo J, et al: Distribution and prognosis of
molecular breast cancer subtypes defined by immu-
nohistochemical biomarkers in a Spanish population-
based study. Gynecol Oncol 130:609-614, 2013

37. Cancello G, Maisonneuve P, Rotmensz N, et
al: Prognosis in women with small (T1mic,T1a,T1b)
node-negative operable breast cancer by immuno-
histochemically selected subtypes. Breast Cancer
Res Treat 127:713-720, 2011

38. Cortesi L, De Matteis E, Cirilli C, et al: Outcome
evaluation in pre-trastuzumab era between different

breast cancer phenotypes: A population-based study on
Italian women. Tumori 98:743-750, 2012

39. Joensuu H, Lehtimäki T, Holli K, et al: Risk for
distant recurrence of breast cancer detected by
mammography screening or other methods. JAMA
292:1064-1073, 2004

40. Shen Y, Yang Y, Inoue LY, et al: Role of
detection method in predicting breast cancer sur-
vival: Analysis if randomized screening trials. J Natl
Cancer Inst 97:1195-1203, 2005

41. Coldman A, Phillips N: Incidence of breast
cancer and estimates of overdiagnosis after the
initiation of a population-based mammography
screening program. CMAJ 185:E492-E498, 2013

42. Fisher B, Brown AM, Dimitrov NV, et al: Two
months of doxorubicin-cyclophosphamide with and
without interval reinduction therapy compared with
6 months of cyclophosphamide, methotrexate, and
fluorouracil in positive-node breast cancer patients
with tamoxifen-nonresponsive tumors: Results from
the National Surgical Adjuvant Breast and Bowel
Project B-15. J Clin Oncol 8:1483-1496, 1990

43. Mamounas EP, Bryant J, Lembersky B, et al:
Paclitaxel after doxorubicin plus cyclophosphamide
as adjuvant chemotherapy for node-positive breast
cancer: Results from NSABP B-28. J Clin Oncol
23:3686-3696, 2005

44. Jones SE, Savin MA, Holmes FA, et al: Phase
III trial comparing doxorubicin plus cyclophosph-
amide with docetaxel plus cyclophosphamide as
adjuvant therapy for operable breast cancer. J Clin
Oncol 24:5381-5387, 2006

45. Sparano JA, Wang M, Martino S, et al: Weekly
paclitaxel in the adjuvant treatment of breast cancer.
N Engl J Med 358:1663-1671, 2008

46. Jones S, Holmes FA, O’Shaughnessy J, et al:
Docetaxel with cyclophosphamide is associated
with an overall survival benefit compared with doxo-
rubicin and cyclophosphamide: 7-Year follow-up of
US Oncology Research Trial 9735. J Clin Oncol
27:1177-1183, 2009

47. Martín M, Seguí MA, Antón A, et al: Adjuvant
docetaxel for high-risk, node-negative breast cancer.
N Engl J Med 363:2200-2210, 2010

48. Coudert B, Asselain B, Campone M, et al:
Extended benefit from sequential administration of
docetaxel after standard fluorouracil, epirubicin, and
cyclophosphamide regimen for node-positive breast
cancer: The 8-year follow-up results of the
UNICANCER-PACS01 trial. Oncologist 17:900-909,
2012

49. Mackey JR, Martin M, Pienkowski T, et al:
Adjuvant docetaxel, doxorubicin, and cyclophosph-
amide in node-positive breast cancer: 10-year
follow-up of the phase 3 randomised BCIRG 001
trial. Lancet Oncol 14:72-80, 2013

50. Slamon DJ, Leyland-Jones B, Shak S, et al:
Use of chemotherapy plus a monoclonal antibody
against HER2 for metastatic breast cancer that
overexpresses HER2. N Engl J Med 344:783-792,
2001

51. Romond EH, Perez EA, Bryant J, et al: Tras-
tuzumab plus adjuvant chemotherapy for operable
HER2-positive breast cancer. N Engl J Med 353:
1673-1684, 2005

52. Piccart-Gebhart MJ, Procter M, Leyland-
Jones B, et al: Trastuzumab after adjuvant chemo-
therapy in HER2-positive breast cancer. N Engl J
Med 353:1659-1672, 2005

53. Slamon D, Eiermann W, Robert N, et al:
Adjuvant trastuzumab in HER2-positive breast can-
cer. N Engl J Med 365:1273-1283, 2011

54. Perez EA, Romond EH, Suman VJ, et al:
Four-year follow-up of trastuzumab plus adjuvant
chemotherapy for operable human epidermal
growth factor receptor 2–positive breast cancer:
Joint analysis of data from NCCTG N9831 and
NSABP B-31. J Clin Oncol 29:3366-3373, 2011

55. Dowsett M, Cuzick J, Ingle J, et al: Meta-
analysis of breast cancer outcomes in adjuvant trials
of aromatase inhibitors versus tamoxifen. J Clin
Oncol 28:509-518, 2010

56. Shah SP, Roth A, Goya R, et al: The clonal and
mutational evolution spectrum of primary triple-
negative breast cancers. Nature 486:395-399, 2012

57. Gelmon K, Dent R, Mackey JR, et al: Target-
ing triple-negative breast cancer: Optimising thera-
peutic outcomes. Ann Oncol 23:2223-2234, 2012

58. Masuda H, Baggerly KA, Wang Y, et al: Dif-
ferential response to neoadjuvant chemotherapy
among 7 triple-negative breast cancer molecular
subtypes. Clin Cancer Res 19:5533-5540, 2013

59. Lehmann BD, Bauer JA, Chen X, et al: Identifica-
tion of human triple-negative breast cancer subtypes and
preclinical models for selection of targeted therapies. J
Clin Invest 121:2750-2767, 2011

60. Lehmann BD, Pietenpol JA: Identification and
use of biomarkers in treatment strategies for triple-
negative breast cancer subtypes. J Pathol 232:142-
150, 2014

61. Berry DA, Cirrincione C, Henderson IC, et al:
Estrogen-receptor status and outcomes of modern
chemotherapy for patients with node-positive breast
cancer. JAMA 295:1658-1667, 2006

62. Davies C, Pan H, Godwin J, et al: Long-term
effects of continuing adjuvant tamoxifen to 10 years
versus stopping at 5 years after diagnosis of oestro-
gen receptor-positive breast cancer: ATLAS, a ran-
domised trial. Lancet 381:805-816, 2013

63. Gray RG, Rea D, Handley K, et al: Long-term
effects of continuing adjuvant tamoxifen to 10 years
versus stopping at 5 years in 6,953 women with
early breast cancer. J Clin Oncol 31, 2013 (suppl;
abstr 5)

64. Chavez-Mac GM, Barlow WE, Gonzalez-
Angulo AM, et al: A phase III randomized, placebo-
controlled clinical trial evaluating the use of adjuvant
endocrine therapy �/– one year of everolimus in
patients with high-risk, hormone receptor- (HR) pos-
itive and HER2-negative breast cancer: SWOG/
NSABP S1207. Cancer Res 72:OT2-2-04, 2012
(suppl 24; abstr)

65. Polley MY, Leung SC, McShane LM, et al: An
international Ki67 reproducibility study. J Natl Can-
cer Inst 105:1897-1906, 2013

66. Andersen J, Thorpe SM, King WJ, et al: The
prognostic value of immunohistochemical estrogen
receptor analysis in paraffin-embedded and frozen
sections versus that of steroid-binding assays. Eur J
Cancer 26:442-449, 1990

67. Olivotto A, Coldman AJ, Hislop TG, et al:
Compliance with practice guidelines for node-
negative breast cancer. J Clin Oncol 15:216-222,
1997

68. Olivotto IA, Bajdik CD, Plenderleith IH, et al:
Adjuvant systemic therapy and survival after breast
cancer. N Engl J Med 330:805-810, 1994

■ ■ ■

Cossetti et al

8 © 2014 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

169.230.243.252
Information downloaded from jco.ascopubs.org and provided by at UCSF LIBRARY & CKM on December 17, 2014 from

Copyright © 2014 American Society of Clinical Oncology. All rights reserved.



GLOSSARY TERMS

estrogen receptor (ER): ligand-activated nuclear proteins,
belonging to the class of nuclear receptors, present in many
breast cancer cells that are important in the progression of
hormone-dependent cancers. After binding, the receptor-ligand
complex activates gene transcription. There are two types of es-
trogen receptors (ER� and ER�). ER� is one of the most impor-
tant proteins controlling breast cancer function. ER� is present
in much lower levels in breast cancer, and its function is uncer-
tain. Estrogen receptor status guides therapeutic decisions in
breast cancer.

HER2/neu (human epidermal growth factor receptor 2):
also called ErbB2. HER2/neu belongs to the epidermal growth factor
receptor (EGFR) family and is overexpressed in several solid tumors.
Like EGFR, it is a tyrosine kinase receptor whose activation leads to

proliferative signals within the cells. On activation, the human epider-
mal growth factor family of receptors are known to form homodimers
and heterodimers, each with a distinct signaling activity. Because HER2
is the preferred dimerization partner when heterodimers are formed, it
is important for signaling through ligands specific for any members of
the family. It is typically overexpressed in several epithelial tumors.

prognostic factor: a measurable patient characteristic that is associ-
ated with the subsequent course of disease (whether or not therapy is
administered). The identification of a prognostic factor does not neces-
sarily suggest a cause-and-effect relationship. However, within a suitable
outcome model, the measurement of a prognostic factor contributes to
an estimate of an outcome probability (eg, the probability of disease-free
survival within a given time interval).
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Appendix

Table A1. Patient Characteristics of Unmatched Cohorts

Characteristic

Cohort 1 (1986 to 1992;
n � 3,672)

Cohort 2 (mid-2004 to 2008;
n � 8,664)

P
No. of

Patients %
No. of

Patients %

Age, years
Median 60 59
Range 23-95 23-98
� 40 274 7.5 429 5.0 � .001
40-49 779 21.2 1,800 20.8
50-59 750 20.4 2,299 26.5
60-69 962 26.2 2,039 23.5
� 70 907 24.7 2,097 24.2

ER status � .001
ER negative 810 22.1 1,624 18.7
ER positive 2,862 77.9 7,040 81.3

Biomarkers � .001
ER positive/HER2 negative 2,615 71.2 6,192 71.5
ER positive/HER2 positive 247 6.7 848 9.8
ER negative/HER2 positive 240 6.5 562 6.5
ER negative/HER2 negative 570 15.5 1,062 12.3

Stage � .001
I 1,262 34.4 3,676 42.4
II 1,707 46.5 3,529 40.7
III 680 18.5 1,416 16.3
Unknown 23 0.6 43 0.5

Grade � .001
1 180 4.9 1,918 22.1
2 1,448 39.4 3,441 39.7
3 1,892 51.5 3,218 37.1
Unknown 152 4.1 87 1.0

Histology
Invasive ductal 3,380 92.0 7,901 91.2 � .001
Invasive lobular 220 6.0 725 8.4
Other 72 2.0 38 0.4

LVI
LVI positive 964 26.3 1,783 20.6 � .001
LVI negative 2,484 67.6 6,508 75.1
Unknown 224 6.1 373 4.3

Adjuvant chemotherapy
Yes 960 26.1 3,956 45.7 � .001

First generation 691 72.0 456 11.5
Second generation 159 16.6 1,009 25.5
Third generation 110 11.4 2,491 63.0

No 2,710 73.8 4,702 54.3
Unknown 2 0.1 6 0.1

Hormone therapy in ER-positive disease
Yes 1,342 46.9 5,950 84.5 � .001
No 1,520 53,1 1,083 15.4
Unknown 0 7 �0.1

Anti HER2 agent in HER2-positive disease
Yes 0 0 998 70.8 � .001
No 487 100 412 29.2

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; LVI, lymphovascular invasion.
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