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ABSTRACT
Background. The American Joint Committee on Cancer (AJCC)
breast cancer staging system provides important prognostic
information. The recently published eighth edition incorporates
biological markers and recommends the use of a complex
“prognostic stage.” In this study, we assessed the relationship
between stage, breast cancer subtype, grade, and outcome in a
large population-based cohort, and evaluate a risk score system
incorporating tumor characteristic to the AJCC anatomic staging
system.
Materials and Methods. Patients diagnosed with primary
breast cancer stage I–IV between 2005–2008 were identiﬁed in
the California Cancer Registry. For patients with stage I–III disease, pathologic stage was recorded. For patients with stage IV
disease, clinical stage was utilized. Five-year breast cancer speciﬁc survival (BCSS) and overall survival (OS) rates were determined for each potential tumor size-node involvementmetastases (TNM) combination according to breast cancer

subtype. A risk score point-based system using grade, estrogen
receptor, and human epidermal growth factor receptor 2
(HER2) status was designed to complement the anatomic AJCC
staging system. Survival probabilities between groups were
compared using log-rank test. Cox proportional hazards models
were used.
Results. Among 43,938 patients, we observed differences in
5-year BCSS and OS for each TNM combination according
to breast cancer subtype. The most favorable outcomes were
seen for hormone receptor-positive tumors followed closely by
HER2-positive tumors, with the worst outcomes observed for triple negative breast cancer. Our risk score system separated
patients into four risk groups within each stage category (all
p < .05).
Conclusion. Our simple risk score system incorporates biological
factors into the AJCC anatomic staging system, providing accurate prognostic information. The Oncologist 2017;22:1–9

Implications for Practice: This study demonstrates that stage, but also breast cancer subtype and grade, deﬁne prognosis in a large
population of breast cancer patients. It shows that a point-based risk score system that incorporates these biological factors
provides reﬁned stratiﬁcation and information on prognosis, improving the anatomic American Joint Committee on Cancer (AJCC)
staging system. In addition, the overall mortality and breast cancer speciﬁc mortality rates detailed here provide much-needed
information about prognosis in the current era, reﬁning the current AJCC staging.

INTRODUCTION
Recent decades have witnessed a major decrease in the early
stage breast cancer (BC) mortality rates and improvement in
the survival rates among patients with metastatic disease.
These improvements are largely attributable to advances in
treatment. In addition, knowledge regarding BC biology has
increased substantially and has resulted in the identiﬁcation
and validation of biologic markers of prognosis and treatment
beneﬁt [1–7]. Tumor grade has long been recognized as an
important prognostic factor [8–10] and current guidelines

recommend the determination of estrogen receptor (ER), progesterone receptor (PR), and the human epidermal growth factor receptor 2 (HER2) in all patients with invasive BC [11, 12].
The status of these markers is critical for practicing oncologists
to recommend therapy [13].
For physicians, it is critically important to have a simple
staging system that provides information that accurately
deﬁnes prognosis. A staging system should also serve as a tool
that can standardize clinical trial participants. Since its inception

Correspondence: Mariana Chavez-MacGregor, M.D., University of Texas MD Anderson Cancer Center, 1400 Pressler Street Unit 1444, Houston,
Texas 77030, USA. Telephone: 713-563-0020; e-mail: Mchavez1@mdanderson.org Received March 7, 2017; accepted for publication May 5,
2017. http://dx.doi.org/10.1634/theoncologist.2017-0116

The Oncologist 2017;22:1–9 www.TheOncologist.com

c AlphaMed Press 2017
O

Downloaded from http://theoncologist.alphamedpress.org/ at YALE MEDICAL LIBRARY on July 3, 2017

Key Words. Breast cancer

Published Ahead of Print on June 7, 2017 as 10.1634/theoncologist.2017-0116.

Rethinking Breast Cancer Staging

2

Table 1. Characteristics of breast cancer patients identiﬁed in
the California Cancer Registry from 2005–2008 (n 5 43,938)
Characteristics

n

Year of diagnosis
2005
2006
2007
2008
Age at diagnosis

8,886 (20.2%)
10,891 (24.8%)
11,790 (26.8%)
12,371 (28.2%)

<39
40–49
50–59
60–69
70–79
80
Sex
Male
Female
Race/ethnicity

264 (0.6%)
43,674 (99.4%)
28,278 (64.4%)
2,622 (6.0%)
7,401 (16.8%)
5,637 (12.8%)

HR1/HER2–
HR1/HER21
HR–/HER21
TNBC
Detailed TNM stage
Stage I

30,649 (69.8%)
5,362 (12.2%)
2,649 (6.0%)
5,278 (12.0%)

Stage IIA

Study Population and Variables

Stage IIB
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4,019 (9.1%)

Non-Hispanic white
Non-Hispanic black
Hispanic/Latino
Non-Hispanic Asian/PI/other
Grade
1
2
3
Subtype

MATERIALS AND METHODS
Data from the California Cancer Registry (CCR), a state-mandated
population-based registry that is a member of the National Cancer Institute’s (NCI) Surveillance, Epidemiology, and End Results
Program (SEER) program, was used. The CCR has been collecting
information on all cancer cases in California since 1988, and it is
estimated that BC case ascertainment is 99% complete [23]. The
CCR started collecting data on hormone receptor status in 1990.
Collection of data on HER2 status began in 1999; however, it was
not collected regularly until 2005 [24, 25].
Patients with histologically conﬁrmed primary BC stage I–
IV diagnosed between January 2005 and December 2008 with
complete follow-up until December 2013 were identiﬁed.
Cases diagnosed solely on autopsy or death certiﬁcate, those
with a history of prior or subsequent tumors, International
Classiﬁcation of Diseases for Oncology (third edition) morphology codes 8940, 8941, 8950, 8980, 8981, 9020, 9050–9055,

2,339 (5.3%)
8,798 (20.0%)
11,575 (26.3%)
10,375 (23.6%)
6,832 (15.5%)

Stage IIIA

Stage IIIB

Stage IIIC
Stage IV

T1 N0 M0
T1 N1mi M0
T1 N1 M0
T2 N0 M0
T2 N1 M0
T3 N0 M0
T1 N2 M0
T2 N2 M0
T3 N1 M0
T3 N2 M0
T4 N0 M0
T4 N1 M0
T4 N2 M0
Any T N3 M0
Any T Any N M1

10,358 (23.6%)
18,890 (43.0%)
14,690 (33.4%)

22,028 (36.2%)
1,331 (3.0%)
3,395 (7.7%)
6,813 (15.5%)
4,119 (9.4%)
489 (1.1%)
719 (1.6%)
1,443 (3.3%)
557 (1.3%)
360 (0.8%)
100 (0.2%)
154 (0.4%)
175 (0.4%)
1,289 (2.9%)
966 (2.2%)

Abbreviations: HER2, human epidermal growth factor receptor 2; HER21,
human epidermal growth factor receptor 2-positive; HER22, human epidermal growth factor receptor 2-negative; HR, hormone receptor; HR1,
hormone receptor-positive; HR2, hormone receptor-negative; PI, Paciﬁc
Islander; TNBC, triple negative breast cancer; TNM, TNM-tumor, node
involvement, metastases staging.
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in 1959, the American Joint Committee on Cancer (AJCC) has
led collaborative efforts with the International Union for Cancer
Control to develop cancer-speciﬁc staging systems. The BC staging system has classiﬁed the extent of disease based on anatomic information considering the size of the primary tumor
(T), the presence, absence, and extent of lymph node involvement (N), and the presence or absence of distant metastases
(M) using the TNM system [14].
An ideal staging system should reﬂect the most up-to-date
clinical research as well as the widespread consensus among
physicians about appropriate diagnostic and treatment standards that take into account relevant biological factors. Different
groups have made important efforts trying to incorporate biological factors such as grade, ER, PR, and HER2 status into the
staging system. Previous reports incorporating these factors
add relevant prognostic information to the current staging system [15–20]; however, most have evaluated smaller cohorts
and selected groups of patients. The BC staging system has
undergone a series of revisions to address advances in knowledge and treatment. The AJCC BC Expert Panel recognizes the
limitations of the anatomic staging system in light of the better
understanding of biological markers of prognosis and prediction
[14]. In the recently published eighth edition of the AJCC system, a new “prognostic stage” that incorporates tumor characteristics is recommended for case reporting in cancer registries
in the U.S. and for routine use in countries where biomarker
information is commonly available [21]. This complex new staging system is based in unpublished data from the National Care
Data Base (NCDB) and includes patients treated between
2010–2011 with known ER, PR, HER2, and grade [21], in addition to conventional TNM variables.
The eighth edition of the AJCC BC staging system also
describes the use of an alternative risk score system including
grade, ER, and HER2 that could be used to further reﬁne prognostic information, and that we are evaluating in this study [21,
22]. We sought to determine the relationship between stage,
BC subtype, grade, and outcome in a large and representative
group of contemporary BC patients, and to validate a simple
risk score point-based system incorporating tumor characteristics into the AJCC system.
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Table 2. Five-year BCSS among 43,938 breast cancer patients identiﬁed in the California Cancer Registry (2005–2008)
HR1/HER2–
STAGE
Stage I

Stage IIA
Stage IIB

Stage IIIB

Stage IIIC
Stage IV

T1 N2 M0
T2 N2 M0
T3 N1 M0
T3 N2 M0
T4 N0 M0
T4 N1 M0
T4 N2 M0
Any T N3 M0
Any T Any
N M1

n
1,802
5,447
9,459

1.00 (0.99–1.00)
1.00 (0.99–1.00)
0.99 (0.98–0.99)

1,044
2,429
4,165
2,620
309
463
859
346
236
61
86
79
724
520

HER21/HR1
n

5-year
BCSS

264
612
1,492

1.00 (0.97–1.00)
0.99 (0.98–1.00)
0.98 (0.98–0.99)

0.99 (0.99–1.00)
0.97 (0.96–0.98)
0.96 (0.95–0.96)
0.93 (0.92–0.94)
0.94 (0.91–0.96)

145
461
824
600
47

0.95 (0.92–0.96)
0.87 (0.84–0.89)
0.91 (0.87–0.94)
0.85 (0.80–0.89)
0.70 (0.56–0.81)
0.92 (0.83–0.96)
0.81 (0.70–0.88)
0.78 (0.74–0.81)
0.39 (0.35–0.43)

117
251
69
42
0
25
31
215
159

HER21HR–

TNBC

n

5-year
BCSS

n

5-year
BCSS

162
204
559

0.97 (0.93–0.99)
0.97 (0.94–0.99)
0.95 (0.92–0.96)

148
487
1,392

0.96 (0.91–0.98)
0.96 (0.94–0.98)
0.93 (0.92–0.95)

0.97 (0.93–0.99)
0.97 (0.95–0.98)
0.94 (0.92–0.95)
0.94 (0.92–0.96)
0.87 (0.73–0.94)

54
191
487
312
42

0.94 (0.83–0.98)
0.92 (0.88–0.95)
0.93 (0.90–0.95)
0.84 (0.79–0.88)
0.82 (0.66–0.91)

88
314
1,337
587
91

0.85 (0.75–0.91)
0.88 (0.83–0.91)
0.88 (0.86–0.89)
0.76 (0.72–0.79)
0.80 (0.70–0.87)

0.96 (0.90–0.98)
0.87 (0.81–0.90)
0.95 (0.87–0.99)
0.85 (0.70–0.93)

70
128
37
39
8
17
30
183
126

0.85 (0.73–0.91)
0.75 (0.67–0.82)
0.81 (0.64–0.90)
0.73 (0.55–0.84)
0.50 (0.15–0.77)
0.74 (0.45–0.90)
0.65 (0.45–0.79)
0.63 (0.55–0.70)
0.24 (0.16–0.33)

69
205
105
43
23
26
35
167
161

0.77 (0.65–0.86)
0.69 (0.62–0.75)
0.61 (0.50–0.70)
0.44 (0.29–0.58)
0.63 (0.39–0.79)
0.58 (0.36–0.75)
0.52 (0.34–0.67)
0.45 (0.37–0.53)
0.17 (0.11–0.24)

0.75 (0.53–0.88)
0.66 (0.45–0.81)
0.80 (0.74–0.85)
0.47 (0.38–0.54)

Abbreviations: BCSS, breast cancer speciﬁc survival; HER2, human epidermal growth factor receptor 2; HER21, human epidermal growth factor
receptor 2-positive; HER22, human epidermal growth factor receptor 2-negative; HR, hormone receptor; HR1, hormone receptor-positive; HR2,
hormone receptor-negative; TNBC, triple negative breast cancer.

9140, 9590–9992, or inﬂammatory carcinoma were excluded.
Patients with unknown ER (n 5 2,574), HER2 (n 5 6,215), or
grade (n 5 3,556) status were also excluded. Additionally,
patients with stage I–III disease without valid surgery codes
(n 5 652) and those treated with neoadjuvant chemotherapy
or unknown sequencing of systemic therapy (n 5 4,710)
were excluded. A total of 43,938 patients were included in
the ﬁnal study cohort.
Patient information, including demographic characteristics
and variables related to the cancer diagnosis, was abstracted
from the medical record by tumor registrars as part of routine
registry procedures. The following variables were obtained
from the CCR: date of diagnosis, patient age, and race/ethnicity.
Pathologic status, including tumor size (T) and lymph node
involvement (N), was abstracted; for patients diagnosed with
stage IV de novo, the presence of distant metastasis (M) was
recorded. Patients were categorized according to the AJCC staging system in use at the time of diagnosis. Basic treatment
information including type of breast surgery (mastectomy,
breast conserving), radiation therapy (yes/no), and chemotherapy (yes/no) was also recorded. Data on tumor grade, ER, PR,
and HER2 status was categorized into four groups: Hormone
receptor (HR)-positive (ER-positive and/or PR-positive) and
HER2-negative; HR-positive and HER2-positive; HR-negative
(ER-negative and PR-negative) and HER-positive; and triple negative (TNBC; ER-negative, PR-negative, and HER-negative).

Statistical Analysis
Patients were categorized according to BC subtype and stage.
Descriptive statistics were used to evaluate the characteristics
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of the patient population. Follow-up was calculated using the
reverse censored Kaplan-Meier method. Survival time was calculated in days from date of diagnosis to date of death or last
follow-up. The CCR regularly updates vital status information
through active follow-up from hospitals as well as regular linkages with state and national databases including state vital
statistics, voter registration, the Ofﬁce of Statewide Health
Planning and Development, the Social Security Administration,
and the National Death Index. Patients who were known to be
alive at the study cutoff date of December 31, 2013 were censored on that date. Five-year breast cancer speciﬁc survival
(BCSS) and overall survival (OS) rates were calculated from the
date of diagnosis to BC-speciﬁc death or death of any cause,
respectively. For BCSS, deceased patients whose underlying
cause of death was not BC were censored at the time of death.
A Cox proportional hazards model was used to identify factors independently associated with outcome. Variables in the
ﬁnal model included stage, ER status, HER2 status, grade,
age, race/ethnicity, surgery (breast conservation/mastectomy/
none), radiotherapy (yes/no), and chemotherapy (yes/no).
Based on the results of the multivariable model and previous
work by our group [15, 17, 21], we evaluated outcome according to a point-based risk score system (0–3 points). This risk
score takes into account the status of the BC biomarkers and
grade. To calculate the risk score, one point was assigned for
each one of the following tumor characteristics: HR-negative
status, HER2-negative status, and grade 3. Thus, a patient with
an invasive ductal carcinoma grade 1, HR-positive, HER2-positive BC will have a score of 0; one with a grade 1, HR-positive,
HER2-negative BC will have a score of 1; a patient with a grade
c AlphaMed Press 2017
O
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Stage IIIA

T1a N0 M0
T1b N0 M0
T1c, T1NOS
N0 M0
T1 N1mi M0
T1 N1 M0
T2 N0 M0
T2 N1 M0
T3 N0 M0

5-year
BCSS
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Table 3. Cox proportional hazards model evaluating determinants of BCSS and OS among 43,938 breast cancer patients
identiﬁed in the California Cancer Registry (2005–2008)a

covariate

Negative
HER2 status
Positive
Negative
Grade
1, 2
3
Age
Per year
Race/ethnicity
NH white
NH black

OS
Hazard ratio
(95% CI)

Reference
Reference
2.85 (2.54–3.21)
1.61 (1.51–1.72)
5.53 (4.86–6.29)
2.57 (2.36–2.79)
9.11 (7.99–10.39)
3.84 (3.51–4.20)
11.33 (9.18–13.98)
4.63 (3.96–5.41)
18.18 (15.78–20.94) 7.34 (6.62–8.14)
46.42 (40.42–53.31) 14.28 (12.87–15.85)
Reference

Reference

2.14 (1.98–2.30)

1.69 (1.59–1.80)

Reference
1.24 (1.14–1.34)

Reference
1.11 (1.04–1.18)

Reference

Reference

2.03 (1.88–2.20)

1.88 (1.49–1.67)

1.02 (1.02–1.02)

1.05 (1.05–1.05)

Reference
1.46 (1.31–1.64)

Reference
1.44 (1.32–1.57)

Hispanic
1.01 (0.92–1.10)
Asian/PI
0.85 (0.76–0.95)
Other/unknown
0.97 (0.69–1.38)
Surgery
Mastectomy
Reference
Breast conserving 0.82 (0.76–0.89)
None/other
2.85 (2.45–3.41)
Radiation
No
Reference

0.99 (0.93–1.06)
0.76 (0.70–0.83)
0.99 (0.76–1.29)

Yes
Chemotherapy
No
Yes

Reference
0.91 (0.86–0.97)
2.85 (2.44–3.32)
Reference

0.92 (0.86–0.99)

0.74 (0.70–0.78)

Reference
0.73 (0.68–0.77)

Reference
0.70 (0.66–0.74)

a

The model includes all variables in the table.
Abbreviations: BCSS, breast cancer speciﬁc survival; CI, conﬁdence
interval; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; NH, non-Hispanic; OS, overall survival; PI, Paciﬁc
Islander; TNBC, triple negative breast cancer.

3 tumor, HR-negative and HER2-positive will be assigned a
score of 2; and a patient with grade 3 tumor that is TNBC will
have a risk score of 3. Survival analyses according to stage and
risk score were performed for BCSS and OS using the Kaplan
Meier method. The log-rank test was used to compare differences between groups. The relationship of detailed stage and risk
score for BCSS and OS was modeled using a Cox proportional
c AlphaMed Press 2017
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RESULTS
Among the 43,938 eligible patients, median age at diagnosis
was 59 years (interquartile range 49–69). Patient characteristics
are shown in Table 1. The majority of patients (69.8%) belonged
to the HR-positive/HER2-negative group, followed by the
HER2-positive/HR-positive (12.2%), the TNBC (12.0%), and
HER2-positive/HR-negative (6.0%) groups. Most patients presented with pathologic stage I (53.2%) or II (33.7%). A total of
10.9% of the included participants were diagnosed with pathologic stage III disease and 2.2% of the patients were diagnosed
with distant metastases at the time of initial presentation.
Median follow-up was 81 months (95% CI 80.7–81.2). Fiveyear BCCS rates according to stage and subtype are shown in
Table 2. For all possible TNM combinations, the 5-year survival
rates differed by tumor subtype. The best outcomes are seen
among the patients in the HR-positive/HER2-negative group,
followed closely by those with HR-positive/HER2-positive
tumors; the worst outcomes were seen among patients with
TNBC. This observation demonstrates the substantial variation
in outcomes by BC subtype. Similar results were observed for
OS (supplemental online Table 1).
The determinants of BCSS and OS were examined in a multivariable Cox proportional hazards model (Table 3) showing
that, while stage is the strongest predictor of outcome, ER,
HER2, and grade are independently associated with outcome.
For BCSS, ER-negative tumors are associated with increased
risk of BC-related death (HzR 5 2.14; 95% CI 1.98–2.30) compared with ER-positive tumors; similarly, HER2-negative tumors
are associated with worse outcomes compared with HER2positive tumors (HzR 5 1.24; 95% CI 1.14–1.34). Independent
of ER and HER2, patients with grade 3 tumors had an increased
risk of BC-related death compared with patients with histologic
grade 1 or 2 tumors (HzR 5 2.03; 95% CI 1.88–2.20). For OS,
the estimates were similar.
Considering that ER, HER2 and grade were independent
predictors of BCSS and OS in the multivariable model, these
variables were included in the risk score-point based system.
The distribution of patients according to the previously
described score was as follows: risk 0 n 5 2,888 (6.6%), 1
n 5 27,527 (62.7%), 2 n 5 9,107 (20.7%), and 3 n 5 4,416
(10.1%). Figure 1 shows the BCSS survival curves for stages
I–IIIC according to risk score. Figure 2 shows the BCSS and OS
survival curves for patients diagnosed with stage IV de novo. In
all cases, the survival probability varied according to risk score
(all p < .001). Similar ﬁndings are seen for OS (supplemental
online Fig. 1).
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Stage
I
IIA
IIB
IIIA
IIIB
IIIC
IV
ER status
Positive

BCSS
Hazard ratio
(95% CI)

hazards model. Age at diagnosis and treatment (radiotherapy,
chemotherapy, and surgery) were included in the model.
Results are expressed in hazard ratios (HzR) and 95% conﬁdence intervals (CI).
Statistical analyses were performed on de-identiﬁed CCR
data using SAS version 9.3 software (SAS Institute Inc., Cary,
NC, https://www.sas.com/en_us/home.html). All tests were
two-sided; p values .05 were considered statistically signiﬁcant. This study was conducted with the oversight of the Institutional Review Board (IRBs) of the Cancer Prevention Institute
of California and the University of Texas MD Anderson Cancer
Center.
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Figure 2. Breast cancer speciﬁc survival and overall survival among patients with stage IV breast cancer and risk score. Risk score was
assigned according to a point system: 1 point if estrogen receptor negative, 1 point if human epidermal growth factor receptor 2 negative,
and 1 point for grade 3.
Abbreviations: AJCC, American Joint Committee on Cancer; BCSS, breast cancer speciﬁc survival; OS, overall survival.

The graphic representation of the estimates for BCSS
and OS and of the Cox proportional hazards model combining stage and risk score is shown in Figure 3. This demonstrates the increased risk associated with the combination
of stage and risk score, and that stage alone is insufﬁcient
to determine reﬁned prognostic information. Patients with

www.TheOncologist.com

a stage I risk 3 tumor have higher risk of BC-related death
than patients within the same stage (stage I risk 0, stage I
risk 1, stage I risk 2), but also higher risk than patients
within other stage categories (stage IIA risk 0, stage and IIA
risk 1). The adjusted model is shown in supplemental online
Table 2.
c AlphaMed Press 2017
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Figure 1. Breast cancer speciﬁc survival according to stage (I–III) and risk score. Risk score was assigned according to a point system: 1
point if estrogen receptor negative, 1 point if human epidermal growth factor receptor 2 negative, and 1 point for grade 3. Stage I (A),
stage IIA (B), stage IIB (C), stage IIIA (D), stage IIIB (E), stage IIIC (F).
Abbreviations: AJCC, American Joint Committee on Cancer; BCSS, breast cancer speciﬁc survival.
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DISCUSSION
In this population-based study including a large and representative sample of almost 44,000 BC patients treated with contemporary treatment regimens, we demonstrate that stage, BC
subtype, and grade deﬁne prognosis. Furthermore, we show
that a simple point-based risk score system that incorporates
tumor characteristics reﬁned stratiﬁcation and information on
prognosis, improving the anatomic AJCC staging system.
In this large series we report outcomes among BC patients
treated with contemporary regimens. The overall mortality and
BC-speciﬁc mortality rates detailed here provide much-needed
information about prognosis in the current era. While our main
focus was documenting the differences in prognosis according
to tumor characteristics and biological markers, we recognize
the excellent outcomes observed among the early stage BC
patients in our cohort. Similarly, some of the patients with
c AlphaMed Press 2017
O

metastatic BC have improved survival compared with older
reports [1, 14, 26–29].
The knowledge of BC biology has signiﬁcantly increased,
leading to the validation of prognostic and predictive biomarkers [1–7]. Estrogen receptor expression in primary BC confers a favorable prognosis independent of stage [4, 7, 28, 30,
31]. However, until this analysis, population-based data showing that within speciﬁc TNM stages the presence of ER or HER2
modiﬁed prognosis has not been available in detail. When
HER2 was ﬁrst described, HER2-positive tumors were associated with poor outcomes. In the current era, due to the impact
of HER2-targeted therapies, the prognosis of patients with
HER2-positive tumors has improved considerably [1, 2, 7, 28,
32, 33]. As seen in the presented survival estimates, the prognosis of patients with HER2-positive tumors is very good, and
when associated with HR-positive status, almost mimics the
outcome of patients with HR-positive/HER2-negative tumors.
In addition to ER and HER2, tumor grade has long been recognized as an important prognostic factor [8–10]. A recent analysis using the SEER database demonstrated that histologic grade
is a prognostic factor independent of tumor size or number of
positive lymph nodes [34]. Currently, there are several genomic
tools available providing reﬁned prognostic and predictive
information for early stage BC patients. OncotypeDx (Genomic
Health, Redwood City, CA, http://www.oncotypedx.com/),
EndoPredict (Myriad Genetics, Salt Lake City, UT, http://
endopredictusa.com/), and PAM50 are gene expression proﬁling tools used to gauge the beneﬁt of chemotherapy among
patients with HR-positive/HER2-negative tumors [7]. Recently,
the eighth edition of the AJCC staging system proposed to categorize patients with T1–2, N0, and Oncotype score less than 11
with ER-positive and HER2-negative tumors as stage IA, considering their good prognosis [35]. Questions regarding how to
incorporate other recurrence score values and the role of other
multigene panels remain unanswered. One limitation of incorporating multigene panels into the staging system is that while
their use has signiﬁcantly increased and their use is recommended by the guidelines, they are not yet used broadly across
different populations particularly outside of the United States
and Canada.
Different groups have proposed modiﬁcations to the staging system, incorporating biological factors [15–20, 36].
Veronesi et al. proposed modiﬁcations to the deﬁnitions of the
TNM system, incorporating ER, PR, and HER2 status in what
they called the TNMIEO (Instituto Europeo di Oncologia (IEO))
staging system [19, 36]. Park and colleagues evaluated 1,879
patients categorized by stage and showed that prognosis varied
according to BC subtype, highlighting that the current TNM system does not adequately predict outcome [20].
The eighth edition of the AJCC recommends the use of
a “prognostic stage” based on data from the group of Dr.
D. Winchester. They identiﬁed 238,253 patients diagnosed with
BC between 2010–2011 in the NCDB database. The study used
the traditional TNM staging system and added grade, ER, PR,
and HER2 status. With a median follow-up of only 37.6 months,
the authors observed that patients with TNBC had decreased
survival, comparable to patients with at least one stage higher
using the seventh edition criteria. The use of this model
resulted in a reassignment of 41% of the patients to a different
stage group. The new proposed staging system, while providing
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Figure 3. Hazard ratios among breast cancer patients according to
stage and risk score. Risk score was assigned according to a point
system: 1 point if estrogen receptor negative, 1 point if human
epidermal growth factor receptor 2 negative, and 1 point for grade
3. Reference group was stage I risk 0, bars represent 95% conﬁdence intervals. Adjusted for age, radiation therapy (yes/no), chemotherapy (yes/no), and surgery (breast conservation/mastectomy/
none).
Abbreviations: BCSS, breast cancer speciﬁc survival; CI, conﬁdence interval; HR, hazard ratio; OS, overall survival.
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but comparisons with untreated patients are futile when trying
to provide prognostic information for patients receiving therapy. Details on the speciﬁc treatments that the patients in this
cohort received are not available; however, information on
type of surgery and administration of radiotherapy and chemotherapy was available and was included in the multivariable
model. In addition, and despite the expected variation seen
within standard practice, our large sample size provides generalizable results and real-world estimates of the outcomes of BC
patients treated in the current era.
While laboratory variability by pathology protocols for the
evaluation of grade, ER, PR, and HER2 status exists, it is likely
non-differential and equally distributed in the population. Longer follow-up will be important considering the late recurrences
seen among HR-positive patients. Our risk score and our survival estimates were derived from pathologic staging, and the
patients included in this study with stage I–III BC were selected
because they underwent surgery as the initial treatment strategy. However, there is no reason to believe that the effect of
tumor subtype and grade will be different when evaluating clinical stage or pathologic stage obtained after neoadjuvant chemotherapy, particularly because different studies, including some
work by our group, have demonstrated the prognostic relevance of these factors in this setting. The MD Anderson Bioscore (considering grade, ER, and HER2 status) performed
similarly when evaluated among patients treated with neoadjuvant therapy [16–18, 37]. It is well known that the amount of
residual disease after neoadjuvant systemic therapy has important prognostic implications [38, 39]; however, it is also known
that the prognostic information associated with a response to
therapy varies according to tumor subtype [40]. Future studies
validating our work, as well as the new eighth AJCC BC staging
system, are needed because they will provide information on
the interaction of prognostic factors and the response to therapy. We hypothesize that the risk score presented here will
have prognostic information among patients treated with neoadjuvant chemotherapy or neoadjuvant endocrine therapy.
Grade has been incorporated in the staging system for prostate,
soft-tissue sarcomas, and some bone tumors. Others, like melanoma or testicular cancer, include the results of markers such
as LDH, bHCG or a-feto protein [14]. Discussions are ongoing
to incorporate biological factors into the staging system of different tumor types, including Human Papilloma Virus-related
head and neck cancers [41, 42].

CONCLUSION
In order for our staging systems to remain current and useful,
we must make efforts to incorporate clinically relevant biological
information in a simple form that is easy to use in daily practice.
Our risk score incorporating ER and HER2 should be considered
as a simpler alternative to the proposed eighth edition AJCC
“prognostic stage” in upcoming revisions.
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an improvement in grouping patients with similar prognoses, is
complex, and its incorporation into clinical practice may require
special software or electronic tools [21].
Our group evaluated independent predictors of outcome
among 3,728 patients with BC treated at MD Anderson Cancer
Center. When compared with pathologic stage alone, a score
system incorporating grade and ER status resulted in improved
discrimination between stages with respect to outcome [15].
We recently updated this work in a more contemporary cohort
of patients and have shown that incorporation of HER2 status
into the score system further improves the discrimination (Mittendorf, personal communication). The data conﬁrmed the
prognostic signiﬁcance of ER, HER2, and grade and led to the
development of the point-based system risk proﬁle that we
used in the current study. At the time the AJCC BC expert panel
ﬁnalized their eighth edition recommendation, our results were
not ﬁnal, yet our work was considered to be relevant and is
mentioned in the discussion because it demonstrated the inﬂuence of tumor characteristics in prognosis [22].
Our proposed risk-score point-based system provides
reﬁnement and builds on the anatomic AJCC system. This score
system has several advantages over the “prognostic staging”
described in the eighth edition of the AJCC staging manual. It is
simple and easy to calculate; in addition, the information
needed to calculate it is available in most pathology reports.
This risk score modiﬁcation will be easy to incorporate into routine clinical practice and reﬂects the current use of endocrine
and HER2-targeted therapies. Furthermore, because this risk
score does not change the current TNM system, it will still provide a common language with which to communicate with colleagues when biological data is not available, or to compare
outcomes from retrospective cohorts. Population-based registries started to collect information about HR status only within
the past 10–15 years, and information about HER2 was not
added into national databases (e.g., SEER) until 2010, making
our data unique. The NCDB data used in the proposed AJCC
“prognostic stage,” while very large, still has a short median
follow-up of 37.6 months compared with our more mature
data with a median follow-up of 81 months. Future studies
using other large databases, once enough follow-up is reached,
will continue to provide important information on the prognosis of BC patients according to biological factors. While our data
cannot provide patient-speciﬁc prognosis, it offers muchneeded information to facilitate conversations with other providers regarding treatment recommendations as well as with
patients regarding prognosis. Most clinical trials are designed
to address the impact of therapeutic strategies according to
tumor subtype; our data is extremely relevant for clinical trial
design because the presented survival estimates can be used as
a reference when calculating sample sizes.
In clinical practice, a number of other factors not measured
in this study may contribute to the outcome of a given patient.
The treatment administered, and the response to it, are clear
determinants of outcome. Data on prognosis not inﬂuenced by
therapy are impossible to obtain and to interpret. Patients that
forgo treatment for personal reasons or because their physicians considered them poor candidates to receive therapy represent a minority group with different characteristics compared
with patients receiving treatment. Information on untreated
patients could provide information of the natural history of BC,
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