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Prognostic relevance of biological subtype overrides that of TNM
staging in breast cancer: discordance between stage and biology
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Abstract Recently, we faced difficult treatment decisions
regarding appropriate adjuvant systemic treatment, especially
for patients who show discordance between stage and tumor
biology. The aim of this study was to compare the prognostic
relevance of the TNM staging system with that of intrinsic
subtype in breast cancer. We retrospectively identified women
patients who received curative surgery for stage I–III breast
cancer with available data on immunohistochemistry profiles
including hormone receptor (HR) status, human epidermal
growth factor receptor 2 (HER2) status, and Ki 67 staining
at the Samsung Medical Center from January 2004 to
September 2008. Primary outcomes were recurrence-free sur-
vival (RFS) and overall survival (OS). A total of 1145 patients
were diagnosed with breast cancer and received curative sur-
gery. Of these, 463 (40.4 %) patients were stage I, and 682
(59.6 %) were stage II or III. In addition, 701 (61.2 %) patients
were HR positive, 239 (20.9 %) were HER2 positive, and 205
(20.9 %) had triple-negative breast cancer. The 5-year RFS for
the patients who were HR positive and HER2 negative with a
low Ki 67 staining score (0–25 %) was 99 %. The 5-year RFS
for patients who were HER2-positive or had triple-
negative breast cancer were 89 and 83 %, respectively

(P value=<0.001). In multivariate analysis, advanced
stage (II/III) and unfavorable biology (HER2 positive or triple
negative) retained their statistical significance as predictors of
decreased RFS and OS. Patients with advanced-stage disease
(II or III) but favorable tumor biology (HR positive and HER2
negative and low Ki 67) had better clinical outcomes than
those with stage I disease and unfavorable tumor biology in
terms of RFS (99 versus 92 %, P value=0.011) and OS (99
versus 96 %, P value=0.03) at 5 years. The current results
showed that intrinsic subtype has a greater prognostic impact
in predicting clinical outcomes in subpopulations of patients
with stage I–III breast cancer who show discordance between
stage and biologic subtypes.
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Introduction

Breast cancer has heterogeneous clinical features and progno-
ses according to its biologic subtype. Breast cancer is divided
into at least five subtypes according to molecular expression
profiles, and hormone receptor (HR)-positive breast cancer
constitutes 60–80 % of breast cancers [1]. HR-positive breast
cancer has a favorable prognosis, which can be further classi-
fied into luminal A and luminal B mainly by proliferative rate
[2]. Amplification of human epidermal growth factor receptor
2 (HER2) represents the prototype biomarker for tailored
biologic treatment. Many studies have suggested that HER2
positivity is an independent predictor of disease recurrence
and shortened overall survival [3, 4]. Triple-negative breast
cancer [TNBC; negative for estrogen receptor (ER), proges-
terone receptor (PgR), and HER2] accounts for 15–20 % of
newly diagnosed breast cancer cases [3]. TNBC has a tenden-
cy for high rates of relapse, visceral and central nervous
system metastases, and early death [5]. TNBC is associated
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with a poor prognosis because it is refractory to chemothera-
peutic agents and has no available targeted therapies [6, 7].

Historically, the American Joint Committee on Cancer
(AJCC) TNM staging system has been the main determinant
of the prognosis and the need for adjuvant treatment in pa-
tients with breast cancer; however, TNM staging is purely
anatomical-based staging. Recently, with rapid developments
in molecular biology [8], different therapeutic strategies based
on biologic subtype have come into focus. However, the TNM
staging system still regards breast cancer as a single disease
entity; thus, it is suboptimal to reflect biologic heterogeneity.
The seventh updated AJCC TNM staging system was
intended to reflect the underlying biology by adding a “B”
category, in which the status of ER, PgR, HER2, and
multigene expression profiles would be incorporated and
added to the stage grouping; however, these additions ulti-
mately added little value. New appreciation of the biological
diversity of breast cancer subtypes has raised questions
concerning the relevance of TNM tumor staging in treatment
decisions in addition to its clinical relevance. In the era of
personalized tailored therapy based on molecular biology [9],
different therapeutic strategies based on biologic subtype have
gained prominence. This creates a dilemma that has a partic-
ular impact on prognosis when there is discordance between
stage and biology. Therefore, in this study, we attempted to
compare the prognostic relevance of the TNM staging system
with that of intrinsic subtype in breast cancer patients who
received curative surgery.

Patients and methods

Patients and data collection

We retrospectively analyzed the medical records of patients
who received curative surgery for stage I–III breast cancer
between January 2004 and September 2008 and had available
immunohistochemistry profiles. All patients had histological-
ly confirmed adenocarcinoma of the breast. We excluded the
patients who had neoadjuvant chemotherapy. All pathologic
specimens were reviewed by two experienced pathologists
who determined the primary tumor characteristics based on
histologic and nuclear grades, tumor size, presence of lympho-
vascular invasion (LVI), axillary nodal status, and the status of
immunohistochemical (IHC) staining for receptors (ER, PgR,
and HER2), and Ki 67 staining. For quantitative analysis, the
percentage of nuclei that were staining positively for Ki 67
was calculated for each section based on a value of approxi-
mately 1000 carcinoma cell nuclei/section using an image
analyzer (I-solution delta, Korea). For semi-quantitative anal-
ysis, positive signals were graded as follows: 0, 0–5 %; 1+, 5–
25 %; 2+, 26–50 %; 3+, 51–75 %; and 4+, >75 %. Positivity
for ER and PgR was defined as Allred scores [10] within the

range of 3–8 by IHC using antibodies to ER (Immunotech)
and PgR (Novocastra), respectively. HER2 status was evalu-
ated using an antibody and/or fluorescence in situ hybridiza-
tion (FISH). Grades 0 and 1 for HER2 by IHCwere defined as
a negative result and grade 3 as a positive result. Amplification
of HER2 was confirmed by FISH if HER2 was rated 2+ by
IHC [3]. Triple negativity was defined as a lack of ER, PgR,
and HER2 expressions [11]. We retrospectively collected data
on the following clinicopathologic variables and treatment
outcomes: patient demographics (age <35 and ≥35 years);
laboratory data on ER, PgR, and HER2 (categorized as +, −,
unknown) and Ki 67 index (low Ki 67: Ki 67 index 0–1+);
and TNM stage (AJCC sixth edition). The analyzed outcomes
were recurrence-free survival (RFS) and overall survival (OS).
Overall survival was measured from the first date of diagnosis
of breast cancer to the date of death or the last follow-up visit.
Recurrence-free survival was defined as the time from the date
of curative resection to the date when breast cancer recurred,
irrespective of locoregional recurrence including ipsilateral
and contralateral breast recurrence or distant metastases. The
present study was approved by the Institutional Review Board
of Samsung Medical Center.

Statistical analysis

Patient characteristics were compared using chi-square and
Fisher’s exact test (categorical variables). Survival probability
was estimated using the Kaplan-Meier method and compared
for statistical difference using log-rank analysis. Multivariate
analysis was performed using stepwise Cox proportional haz-
ards regression modeling to assess the independent prognostic
role of each clinicopathologic variable. Statistical analyses
were performed using SPSS 19.0 (SPSS Inc. Chicago,
IL, USA), and statistical significance was considered to
be P≤0.05.

Results

Patient cohorts

We identified 1556 patients who were diagnosed with breast
cancer and received curative surgery for the treatment of stage
I–III breast cancer at Samsung Medical Center between
January 2004 and September 2008 (Fig. 1). Among the
1556 patients who had curative surgery, 152 patients with
ductal carcinoma in situ, lobular carcinoma in situ, or
microinvasive cancer were excluded from the analysis.
Among the remaining 1404 invasive breast cancer patients,
1145 consecutive patients with available immunohistochem-
istry profiles were included in this analysis. The median
follow-up duration was 95.4 (range 4.6–167.4) months.
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Patient characteristics

Patient demographics are displayed in Table 1. We identified
1145 breast cancer patients with complete data. The median
age at diagnosis of breast cancer was 46 years old (range 22–
83 years). Tumor classification was stage I in 463 patients
(40.4 %), stage II in 527 patients (46 %), and stage III in 155
patients (13.5 %). Lympho-vascular invasion was present in
15 % of the patients. Of 1145 total patients, 701 (61.2 %)
patients were hormone receptor (HR) positive, 239 (20.9 %)
were HER2, and 205 (17.9 %) were TNBC. Adjuvant anti-

HER2 treatment was not available under Korean insurance
during the study period. None of the patients with HER2-
positive breast cancer were treated with anti-HER2 treatment
as an adjuvant treatment.

Clinicopathological characteristics according to biologic
subtypes

Table 2 shows the relationship between biologic sub-
types and stage and histologic grade. Higher histologic
grade (2–3) and nuclear grade (intermediate and high

Fig. 1 Patient cohorts

Table 1 Patient characteristics
(n=1145)

LVI lympho-vascular invasion;
BR grade Bloom-Richardson
grade

Characteristics Characteristics

Age, median (years) 46 (range 22–83) Stage

<35 89 (7.8 %) 1 463 (40.5 %)

≥35 1056 (92.2 %) 2 527 (46.0 %)

3 155 (13.5 %)

Immunohistochemistry Ki 67 index

HR+ 701 (61.2 %) 0 7 (0.6 %)

(ER+ and/or PgP+, HER2−) 1+ 479 (41.8 %)

HER2 + 239 (20.9 %) 2+ 291 (25.4 %)

(HER2+ regardless of ER and/or PgP) 3+ 200 (17.5 %)

TNBC 205 (17.9 %) 4+ 168 (14.7 %)
(ER-/PR-/HER2−)

Nuclear grade Recurrence rate 96 (8.4 %)

Low 212 (18.5 %)

Intermediate 439 (38.3 %)

High 476 (41.6 %)
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grade) were more common in patients with HER2-
positive breast cancer and TNBC than in those with
HR-positive breast cancer (97.0 and 95.2 versus
65.2 % for histologic grade, P value=<0.004; 96.2 and
93.9 versus 72.4 % for nuclear grade, P value=<0.001).
Patients with stage II or III disease were more likely to be in
the HER2-positive and TNBC groups than in the HR-positive
group (64.0 and 66.8%, respectively, versus 56.0%,P <0.004
for stage).

Clinical outcomes

The 5-year RFS probability among HR-positive, HER2-
positive, and TNBC groups were 93, 89, and 83 %,
respectively, and the 5-year OS probability were 97.0,
92.0, and 87.0 %, respectively (Supplement figure 1 and
Table 3). Univariate analysis demonstrated that young
age at diagnosis, unfavorable biologic subtype (HER2-
positive, TNBC groups), high histologic grade (2–3),
nuclear grade (intermediate–high), and the presence of
lympho-vascular invasion (LVI) predicted poor RFS and
OS with statistical significance (Table 3 and Fig. 2). On
multivariate analysis, biologic subtype, TNM stage, and
histologic grade retained their statistical significance to
predict RFS and OS (Table 4).

Clinical outcomes in subpopulations of patients who showed
discordance between stage and biologic subtypes

Among the total patients, 299 patients with discordance be-
tween stage and biologic subset (early stage with unfavorable
biologic subtypes or advanced stage with favorable biologic
subtypes) were included in the subgroup analysis. We com-
pared the clinical outcomes in 97 patients who had stage I

disease and HER2-positive or triple-negative status with 202
patients who had stage II or III disease and were HR positive
and HER2 negative and had a low proliferative index (Ki 67
index 0–1+) (Fig. 1). Thirty patients with stage I disease and
HER2 (+) breast cancer did not receive anti-HER2 targeted
therapy. Between two subgroups, age distribution was not
difference (Table 5). The patients with advanced-stage disease
(II or III) but favorable tumor biology (HR positive and HER2
negative and Ki 67 index 0–1+) had better clinical outcomes
than those with stage I disease and unfavorable tumor biology
(HER2 positive or triple negative) in terms of RFS (5-year
RFS rate 99 versus 92 %, respectively, P value=0.011) and
OS (5-year OS rate 99 versus 96 %, respectively, P value=
0.03) (Fig. 2).

Discussion

The present study has clinical value because it highlights the
clinical relevance of discordance between disease stage and
tumor biology in breast cancer.

In clinical practice, patients who show discordance be-
tween disease stage and tumor biology present a dilemma as
to which factor has a greater impact on prognosis. As the use
of targeted therapy increases, it becomes more important to
classify patients according to the particular biomarker profiles
for which specific treatment protocols are available. In this
regard, two scenarios exist: the first is a case with an early
stage but unfavorable biology and the second is a case with an
advanced stage but favorable biology.

Several studies have shown that unfavorable biology has a
poor prognostic impact, even in small invasive breast cancers.
Appreciation of breast cancer heterogeneity on the molecular

Table 2 Clinicopathologic characteristics according to biologic subtype

HR+ (ER+ and/or PgP+, HER2−)
(n=701, 61 %)

HER2+ (HER2+ regardless of
ER and/or PgP) (n=239, 21 %)

TNBC (ER−/PR−/HER2−)
(n=205, 18 %)

P value

Median age 46 47 46

Stage <0.004

1 309 (44.1 %) 86 (36.0 %) 68 (33.2 %)

2 311 (44.4 %) 108 (45.2 %) 108 (52.7 %)

3 81 (11.6 %) 45 (18.8 %) 29 (14.1 %)

Nuclear grade <0.001

Low 191/692 (27.6 %) 9/238 (3.8 %) 12/197 (6.1 %)

Intermediate 350/692 (50.6 %) 56/238 (23.5 %) 33/197 (16.8 %)

High 151/692 (21.8 %) 173/238 (72.7 %) 152/197 (77.1 %)

Histologic grade <0.001

1 230/660 (34.8 %) 7/232 (3.0 %) 9/192 (4.7 %)

2 306/660 (46.4 %) 77/232 (33.2 %) 36/192 (18.8 %)

3 124/660 (18.8 %) 148/232 (63.8 %) 147/192 (76.5 %)
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level is vital and should be considered in the management of
patients with small tumors. For example, adjuvant treatment
for small invasive breast cancer shows a survival benefit when
tailored according to tumor biology in the subgroup that
includes HER2-positive cancer and TNBC [11–16]. These
subgroups deserve special consideration because of their ag-
gressive tumor biology irrespective of TNM stage. In previous
studies [12], young age (<35 years) and the high Ki 67
proliferative index were valuable surrogate markers to predict
recurrence, and these subpopulations with such characteristics
might derive clinical benefit from adjuvant chemotherapy for
HR-positive small T1b–c N0 breast cancers. Curigliano et al.
[13] and Lorenzo et al. [14], reporting on the experience of the
European Institute of Oncology of Milan, demonstrated that
T1a/T1b N0 tumors with HER2 overexpression were associ-
ated with worse distant recurrence-free survival (DRFS). In
patients with TNBC, the current TNM staging system might

not be adequate for predicting outcomes to make therapeutic
decisions [15]. Because TNBC has a relatively poor
prognosis irrespective of nodal status, the relevance of
the TNM staging system has been questioned and
awarded a lower significance in breast cancer [11, 16].
According to the 2013 National Comprehensive Cancer
Network (NCCN) Guidelines for HR-positive breast cancer,
biologic marker assessment such as 21-gene RT PCR assay
can be considered for tumors >0.5 cm, HR-positive cancers,
and HER2-negative breast cancers. In cases with a high re-
currence score (≥31), adjuvant chemotherapy in addition to
endocrine therapy is recommended as category 2A; however,
because of the high cost and low feasibility of the gene array, it
cannot be routinely used in clinical practice.

In contrast, many patients with advanced-stage disease (II–
III) are overtreated with chemotherapy [17] on the basis of the
TNM staging system. Albain KS et al. recently described the

Fig. 2 Recurrence-free survival
(right panel) and overall survival
(left panel) curves for TNM stage
and biologic subgroup

Table 3 Univariate analysis for recurrence-free survival and overall survival

5-year RFS (%) P value 5-year OS (%) P value

Age <35 years 82 0.010 91 0.002
≥35 years 91 95

Tumor HR positive 93 <0.001 97 <0.001

Biology HER2 positive 89 92
TNBC 83 87

BR grade 1 98 <0.001 99 <0.001

2 89 96
3 85 91

Nuclear grade Low 98 <0.001 99 <0.001
Intermediate 89 95

High 87 92

LVI Present 82 <0.001 93 <0.001
Absent 96 98

RFS recurrence-free survival, OS overall survival, HR positive hormone receptor positive (defined as HER2+ regardless of ER and/or PgR), HER2
positive defined as HER2+ regardless of ER and/or PgR, TNBC triple-negative breast cancer (defined as ER−, PgR−, and HER2−), BR grade Bloom-
Richardson grade, LVI lympho-vascular invasion
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dilemma in treatment decisions when we face discordance
between biology and stage, especially in cases of high-risk
disease that have favorable biology (in abstract CS-1 2013
San Antonio Breast Cancer Symposium). With recent ad-
vances in our understanding of breast cancer biology and
molecular profiles, standard factors that traditionally defined
a high recurrence risk (advanced stage) are potentially
overruled by other biologic factors such as high estrogen
receptor levels, well-differentiated tumors, low proliferative
rate (Ki 67), and low 21-gene recurrence score assay [8, 9,
17–21].

Currently, it is standard to consider systemic chemotherapy,
endocrine therapy, and/or HER2 targeted treatment for the
patients with stage II–III breast cancer if their tumor expresses
ER and/or PgR or HER2 [18–20]. The added benefits of
adjuvant chemotherapy for HR-positive breast cancer patients
have been questioned and its role has been debated, even
though HR-positive breast cancer constitutes 60–80 % of
breast cancers arising in women, and endocrine therapy is
the mainstay of adjuvant therapy in such cases. HR-positive
breast cancer has been reported as less sensitive to chemother-
apy, and pathologic complete remission is less likely to be
achieved in HR-positive patients. Albain et al. demonstrated
that the 10-year breast cancer-specific survival was over 90 %
in patients with ER-positive, node-positive disease, and a low
21-gene recurrence score assay [21]. These outcomes were the
same irrespective of whether the adjuvant treatment was ta-
moxifen alone or anthracycline-based therapy followed by
tamoxifen [21]. Some biologic marker assays are currently
in the limelight such as the low 21-gene recurrence score assay
and good-risk 70-gene signatures [8].

In our previous studies, we showed that the TNM staging
system might not be sufficient for treatment decisions in the
subpopulation of patients with TNBC [15]. We also proposed
risk stratification strategies by using tumor biology for pa-
tients with small invasive breast cancer [12].

In the same vein as previous studies, the current study has
clinical value as it provides evidence generating the hypothe-
sis that subgroup analysis by intrinsic biologic subtype over-
rides tumor staging with respect to prognostic impact. The
current results showed that intrinsic subtype had overriding
prognostic impact in patients with stage I–III breast cancer
who showed discordance between stage and biologic subtype
(early stage with unfavorable biologic subtypes and advanced
stage with favorable biologic subtype). Patients with
advanced-stage disease (II or III) but favorable tumor biology
(HR positive and HER2 negative and low Ki 67) had better
clinical outcomes than those with stage I disease and unfavor-
able tumor biology (HER2 positive or triple negative) in terms
of RFS and OS. By multivariate analysis, biologic subtype,
TNM stage, and histologic grade retained their statistical
significance to predict RFS and OS.

Our study has the typical limitations of a retrospective
study, and a further prospective study is needed for validation.
The present study generates a hypothesis with implications for
patients who showed discordance between stage and biology.
Among the 1404 invasive breast cancer patients, only 1145
(81.6 %) had available immunohistochemistry profiles and
were analyzed. We did not investigate comorbidity and the
effect of fasting blood glucose and body mass index [22].

In conclusion, discordance between stage and biology may
have great critical clinical relevance for predicting clinical

Table 4 Multivariate analysis for RFS and OS

Recurrence-free survival Overall survival

Hazard ratio 95 % CI P value Hazard ratio 95 % CI P value

HER2 (+) or TNBC 1.34 1.03–1.71 0.02 1.41 1.05–1.91 0.02

Stage II or III 1.90 1.43–2.53 <0.01 2.58 1.83–3.62 <0.01

Age <35 years 1.59 0.91–2.76 0.10 1.97 1.07–3.60 0.13

Nuclear grade (2–3) 0.71 0.44–1.16 0.17 0.70 0.40–1.21 0.20

Histologic grade (2–3) 2.02 1.22–3.34 <0.01 2.21 1.25–3.92 <0.01

LVI 1.40 0.88–2.59 0.23 1.97 0.55–2.90 0.54

95 % CI 95 % confidence interval, TNBC triple-negative breast cancer, LVI lympho-vascular invasion

Table 5 Clinical characteristics in subpopulations of patients who showed discordance between stage and biologic subtypes

Early stage with unfavorable biologic subtypes Advanced stage with favorable biologic subtypes P value

Age <35 years 6 (6.2 %) 8 (4.0 %) 0.560
≥35 years 91 (93.8 %) 194 (96.0 %)
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outcomes and establishing the therapeutic strategy, and in
such cases, biologic type may override disease stage.
Therefore, decision-making with consideration of tumor biol-
ogy might lead to better outcomes for patients with breast
cancer. The current results showed that intrinsic subtype had
an overriding prognostic impact on prediction of clinical
outcomes in the subpopulations of patients with stage I–III
breast cancer who showed discordance between stage and
biologic subtype.
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