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A B S T R A C T

Purpose
American Joint Committee on Cancer (AJCC) staging is used to determine breast cancer
prognosis, yet patient survival within each stage shows wide variation. We hypothesized that
differences in biology influence this variation and that addition of biologic markers to AJCC staging
improves determination of prognosis.

Patients and Methods
We identified a cohort of 3,728 patients who underwent surgery as the first intervention between
1997 and 2006. A Cox proportional hazards model, with backward stepwise exclusion of factors
and stratification on pathologic stage (PS), was used to test the significance of adding grade (G),
lymphovascular invasion (L), estrogen receptor (ER) status (E), progesterone receptor (PR) status,
combined ER and PR status (EP), or combined ER, PR, and human epidermal growth factor
receptor 2 status (M). We assigned values of 0 to 2 to these disease-specific survival (DSS)
–associated factors and assessed six different staging systems: PS, PS � G, PS � G L, PS � G
E, PS � G EP, and PS � G M. We compared 5-year DSS rates, Akaike’s information criterion (AIC),
and Harrell’s concordance index (C-index) between systems. Surveillance, Epidemiology, and End
Results data were used as the external validation cohort (n � 26,711).

Results
Median follow-up was 6.5 years, and 5-year DSS rate was 97.4%. The PS � G E status staging
system was most precise, with a low AIC (1,931.9) and the highest C-index (0.80). PS � G E status
was confirmed to stratify outcomes in internal bootstrapping samples and the external valida-
tion cohort.

Conclusion
Our results validate an improved breast cancer staging system that incorporates grade and ER
status. We recommend that biologic markers be incorporated into revised versions of the AJCC
staging system.

J Clin Oncol 29:4654-4661. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Cancer staging systems are intended to provide in-
formation on prognosis and to guide clinicians in
treatment planning. Traditionally, breast cancer has
been staged using the American Joint Committee on
Cancer (AJCC) TNM system. Developed in 1959,
this system has been periodically updated to reflect
new knowledge regarding the relationship between
disease extent and prognosis, ensuring that the sys-
tem maintains clinical relevance.1 The various pos-

sible combinations of tumor, node, and metastasis
status are divided into stage groupings for which
survival outcomes have been estimated using large
cohorts. TNM status is determined for each patient
and corresponds to a specific disease stage, used to
determine the treatment plan according to guide-
lines such as those of the National Comprehensive
Cancer Network.1 Breast cancer is assigned a clinical
stage at initial diagnosis, before surgical interven-
tion, on the basis of physical examination, radiologic
studies, and biopsy. Definitive stage is determined
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after surgery by pathologic evaluation of the primary tumor and
regional lymph nodes.2 Although the AJCC staging system is the most
widely used classification system for determining breast cancer prog-
nosis, patient survival within each stage shows wide variation.

Recent work investigating the impact of primary tumor histo-
logic grade and biologic tumor markers has indicated the potential for
refinement of the AJCC system by inclusion of these factors. Within
the last decade, tumor grade has become widely accepted as a powerful
indicator of prognosis in breast cancer.3 Most tumor grading systems
currently employed are modifications of Black’s nuclear grading sys-
tem.4 Biologic markers routinely assessed in breast cancer specimens
include estrogen receptor (ER), progesterone receptor (PR), and hu-
man epidermal growth factor receptor 2/neu (HER2). Published liter-
ature on these markers consistently indicates that ER, PR, and HER2
receptors carry both predictive and prognostic value in patients with
breast cancer.5-8 We previously described a novel staging system that
takes into account clinical stage, pathologic stage (PS), ER status, and
tumor grade to determine a score that correlates with outcome after
treatment with neoadjuvant chemotherapy.9 This staging system
proved superior to both AJCC clinical staging before treatment and
AJCC pathologic staging after chemotherapy in terms of stratifying
patients into subgroups with different outcomes. Our novel staging
system was validated in both internal and external patient cohorts.10 In
the current study, we tested the hypothesis that incorporating biologic
tumor markers into the AJCC pathologic staging system would result
in more precise determination of prognosis for patients who undergo
surgery as the first intervention in their breast cancer treatment.

PATIENTS AND METHODS

We identified patients with invasive breast cancer treated at The University of
Texas MD Anderson Cancer Center (Houston, TX) from January 1997 to
December 2006. Patients were excluded if they had received neoadjuvant
chemotherapy; had stage IV disease; had unknown PS, grade, ER status, or PR
status; or had been lost to follow-up within 2 years after surgery. This study was
approved by the institutional review board.

Model Building

The clinical end point was disease-specific survival (DSS) calculated
from the time of diagnosis to death resulting from breast cancer. Patients not
experiencing this end point were censored at last follow-up.

ER and PR status were determined with immunohistochemical (IHC)
staining and were considered positive if there was staining in more than 10% of
cells. Tumors were considered HER2 positive if they were 3� on IHC staining
or 2� on IHC staining and HER2 amplified (ratio � 2.0) on fluorescence in
situ hybridization.11,12 ER, PR, and HER2 were used as surrogate markers to
approximate breast cancer subtype: ER and/or PR positive and HER2 negative
was considered hormone receptor positive; ER and/or PR positive and HER2
positive was considered hormone receptor and HER2 positive; ER and PR
negative and HER2 positive was considered HER2 positive; and ER, PR, and
HER2 negative was considered triple negative.13

Because PS is considered the definitive stage, it was used to derive a
prognostic model for DSS after surgery. The univariate association of each
potential prognostic factor with DSS rate was calculated. We used a Cox
proportional hazards model, with backward stepwise exclusion of factors and
stratification on PS, to test the significance of adding candidate prognostic
factors: modified Black’s nuclear grade; presence of lymphovascular invasion
(LVI); ER status; PR status; combination of ER and PR; or combination of ER,
PR, and HER2. The first multivariate model included grade, LVI, ER, and PR;
the second included grade, LVI, and the combination of ER, PR, and HER2;
and the third included grade, LVI, and the combination of ER and PR. ER

status; combination of ER and PR status; and combination of ER, PR, and
HER2 status could not be included in the same model, because they are highly
correlated. A prognostic score of 0 to 2 was then assigned to each factor by
considering the magnitude of the hazard ratio (HR) and then defining cutoffs.
Only independent predictors of DSS (P � .05) were assigned a score. For
binary variables, the comparison group with significant impact on DSS was
assigned one point. For ordinal variables, the comparison groups determined
to have a significant impact on DSS with an HR between 1.1 and 3 were
assigned one point, and those variables determined to have an HR between 3.1
and 6 were assigned two points. An overall staging score was calculated by
summing scores for the individual independent predictors of DSS. Finally, the
overall staging score was used to stratify patients.

Six different staging systems were assessed: first, PS; second, PS and
grade; third, PS, grade, and LVI; fourth, PS, grade, and ER status; fifth, PS,
grade, and the combination of ER and PR status; and sixth, PS, grade, and the
combination of ER, PR, and HER2 status. Model performance was quantified
using Harrell’s concordance index (C-index).14 The discriminative ability of

Table 1. Clinicopathologic Characteristics of Initial and External
Validation Cohorts

Characteristic

Initial Cohort
(n � 3,728)

External
Cohort

(n � 26,711)

PNo. % No. %

Age, years � .001
Median 57 60
Mean 57.3 60.8
Range 22-99 24-99

Pathologic stage � .001
I 2,309 61.9 12,930 48.4
IIA 944 25.3 7,826 29.3
IIB 321 8.6 4,326 16.2
IIIA 154 4.1 1,629 6.1

ER status � .001
Positive 2,988 80.2 24,632 92.2
Negative 740 19.8 2,079 7.8

PR status � .001
Positive 2,444 65.6 20,273 75.9
Negative 1,284 34.4 6,438 24.1

HER2 status�

Positive 508 13.6
Negative 2,837 76.1
Unknown 383 10.3

Nuclear grade � .001
I 521 14.0 5,810 21.8
II 2,006 53.8 14,512 54.3
III 1,201 32.2 6,389 23.9

Adjuvant chemotherapy�

Yes 1,683 45.1
No 2,045 54.9

Adjuvant radiation therapy .01
Yes 2,251 60.4 12,648 47.3
No 1,477 39.6 14,063 52.7

Adjuvant hormonal therapy�

Yes 2,565 68.8
No 1,163 31.2

Follow-up time, years � .001
Median 6.3 5.3
Mean 6.6 5.9
Range 0.1-14 0.1-17.9

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor
receptor 2; PR, progesterone receptor.

�Not available for external validation cohort.
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the model was assessed using the C-index for comparative purposes with the
literature as well as with the concordance probability estimate because of the
high degree of censoring in the data.15 The concordance probability estimate
can range from perfect concordance (1.0) to perfect discordance (0.0). In
addition, Akaike’s information criterion (AIC) was calculated.16 The AIC takes
into account how well the model fits the data and the complexity of the model,
thereby reducing the risk of overfitting. After comparisons, the most precise
prognostic staging system (ie, one with lowest AIC value and highest C-index)
was included the final predictive model. All statistical analyses were performed
using R version 2.10.1 (http://www.r-project.org/).

Model Validation

The performance of the final model was internally validated using a
bootstrapping technique: 200 resamples were examined, and the ability of the
model to discriminate between patients with varying disease stages was calcu-
lated. The National Cancer Institute Surveillance, Epidemiology, and End
Results (SEER) database was used to externally validate the staging system.
Data were obtained from all US cancer registries participating in the SEER
program using SEER*Stat version 6.5.2 (http://seer.cancer.gov/seerstat). The
geographic scope of the current SEER database has been reported
previously.17-19 Patients in the SEER database with invasive breast cancer
diagnosed before 2007 were identified. Patients with the following Interna-

tional Classification of Diseases for Oncology (third edition) codes were in-
cluded: 8521/3 (infiltrating ductal carcinoma), 8522/3 (infiltrating ductal and
lobular carcinoma), 8523/3 (infiltrating ductal mixed with other types of
carcinoma), and 8524/3 (infiltrating lobular mixed with other types of carci-
noma). Patients with stage I to IIIA breast cancer were included. Stage in the
SEER database is derived from a combination of clinical and pathologic infor-
mation. For patients diagnosed before 2004, stage reflects the AJCC third
edition, and for those diagnosed in 2004 or later, stage reflects the AJCC sixth
edition. Patients with unknown stage, grade, ER status, or PR status and those
lost to follow-up within 2 years were excluded. We could not determine
whether surgery was the first intervention, because there is no information
about neoadjuvant chemotherapy in the SEER database.

RESULTS

Clinicopathologic Characteristics of Initial and

External Validation Cohorts

Clinicopathologic characteristics of the initial and external vali-
dation cohorts are listed in Table 1. There were differences between the

ER + PR status
    ER+/PR+
    ER+/PR-
    ER-/PR-
    ER-/PR+

ER + PR + HER2 status
    HR+
    HR/HER2+
    HER2+
    Triple-

0

P < .001

LVI
    None
    Present

No. at risk
Present 3,138 2,294 371 0
None 590 365 42 0

No. at risk
Pos 2,988 2,157 331 0
Neg 740 502 82 0

No. at risk
Pos 2,444 1,745 280 0
Neg 1,284 914 133 0

ER
    Positive
    Negative

PR
    Positive
    Negative

Di
se

as
e-

Sp
ec

ifi
c

Su
rv

iv
al

 (p
ro

po
rti

on
)

Follow-Up Time (years)

1.0

0.8

0.6

0.4

0.2

5 10 15 0

P < .001

Di
se

as
e-

Sp
ec

ifi
c

Su
rv

iv
al

 (p
ro

po
rti

on
)

Follow-Up Time (years)

1.0

0.8

0.6

0.4

0.2

5 10 150

P < .001

Di
se

as
e-

Sp
ec

ifi
c

Su
rv

iv
al

 (p
ro

po
rti

on
)

Follow-Up Time (years)

1.0

0.8

0.6

0.4

0.2

5 10 15

0

P < .001

Grade
    1
    2
    3

No. at risk
1 521 362 41 0
2 2,006 1,460 252 0
3 1,201 837 120 0

No. at risk
ER+/PR+ 2,349 1,677 265 0
ER+/PR- 637 478 66 0
ER-/PR- 647 436 67 0
ER-/PR+ 93 66 15 0

No. at risk
HR+ 350 252 36 0
HR/HER2+ 2,412 1,699 143 0
HER2+ 159 108 10 0
Triple- 424 273 21 0

Di
se

as
e-

Sp
ec

ifi
c

Su
rv

iv
al

 (p
ro

po
rti

on
)

Follow-Up Time (years)

1.0

0.8

0.6

0.4

0.2

5 10 15 0

P < .001

Di
se

as
e-

Sp
ec

ifi
c

Su
rv

iv
al

 (p
ro

po
rti

on
)

Follow-Up Time (years)

1.0

0.8

0.6

0.4

0.2

5 10 150

P < .001

Di
se

as
e-

Sp
ec

ifi
c

Su
rv

iv
al

 (p
ro

po
rti

on
)

Follow-Up Time (years)

1.0

0.8

0.6

0.4

0.2

5 10 15

CA B

FD E

Fig 1. Kaplan-Meier survival plots with risk tables demonstrating association between predictor variables and disease-specific survival in patients with invasive breast cancer treated
with surgery as first intervention. (A) Lymphovascular invasion (LVI); (B) estrogen receptor (ER) status; (C) progesterone receptor (PR) status; (D) modified Black’s nuclear grade;
(E) ER and PR status; (F) ER, PR, and human epidermal growth factor receptor 2 (HER2) status. Log-rank test is provided for each comparison. HR, hormone receptor.
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cohorts with respect to all factors compared, including PS, grade, ER
status, and PR status.

There were 3,728 patients in the initial cohort and 26,711 in the
external validation cohort. For the initial cohort, the 5-year DSS was
97.4% (95% CI, 96.8% to 97.8%). For the external validation cohort,
the 5-year DSS was 93.2% (95% CI, 92.9% to 93.5%).

Pathologic and Biologic Marker Staging System

The univariate association of each potential prognostic factor
with DSS is shown in Figure 1. The results of univariate and multivar-
iate analyses for clinicopathologic factors associated with DSS in the
initial cohort are shown in Table 2. ER status, combination of ER and
PR status, and combination of ER, PR, and HER2 status could not be
included in the same model, because they are known to be highly
correlated. The first multivariate analysis indicated that grade 3 tumor,
presence of LVI, and ER- and PR-negative disease were additional
independent risk factors (Table 2); the second indicated that grade 3
tumor, presence of LVI, and triple-negative subtype were additional
independent risk factors; and the third indicated that grade 3 tumor,
negative ER and PR status, and negative ER and positive PR status

were additional independent risk factors. Patients with negative ER
and positive PR status (2.5%) had worse DSS compared with those
with other ER/PR subtypes. In addition, within each PS, patients with
grade 3 tumors fared worse than those with grade 1 and 2 tumors.

Points assigned for the various predictors of DSS by using the meth-
odsdescribed(exceptgrade) tocreate theoverall stagingscoreare listed in
Table 2. For the category of tumor grade, grade 3 was assigned one point,
with an associated HR greater than 5. The reason for this designation
was that lower grades (eg, grade 2) were noted to be insignificant, with
HRs greater than 2, and it was reasoned that overall, this variable is of
less significance despite the magnitude of the HR for a single category.
Five-year DSS and the C-index for each proposed staging system are
shown in Figure 2. The staging system that included PS, grade, and ER
status (PS � G E staging system) had the lowest AIC and highest
C-index (0.80), and the staging system that included PS, grade, and
combined ER and PR status (PS � G EP staging system) and allowed
for expansion of the staging system into more distinct subgroups (Figs
2D, 2E). These two staging systems showed good validation on boot-
strapping (C-index, 0.80; bootstrap validated, 0.79; concordance
probability estimate, 0.71; bootstrap validated, 0.69).

Table 2. Univariate and Multivariate Analyses for Clinicopathologic Factors Associated With DSS in Initial Cohort

Factor
No. of
Events

5-Year
DSS
(%)

Univariate Analysis

Multivariate Analysis

Assigned
Points

1 2 3

HR P HR P HR P HR P

Pathologic stage
I 43 98.8 Referent Referent Referent Referent 0
IIA 49 96.3 2.9 � .001 2.3 � .001 2.42 � .001 2.26 � .001 1
IIB 22 94.5 3.9 � .001 2.6 � .001 2.65 .001 2.58 � .001 1
IIIA 19 88.6 7.7 � .001 5.1 � .001 5.92 � .001 5.02 � .001 2

Nuclear grade
I 3 99.6 Referent Referent Referent Referent 0
II 34 98.8 2.8 .09 2.1 .2 2.22 .2 2.09 .2 0
III 96 94.0 13.8 � .001 5.1 .003 5.97 .003 5.29 .006 1

ER status
Positive 57 98.8 Referent Referent 0
Negative 76 91.6 5.6 � .001 3.7 � .001 1

PR status
Positive 63 98.2 Referent Referent
Negative 70 95.8 2.0 � .001 0.50 .006

HER2 status
Positive 29 96.2 Referent
Negative 92 97.4 0.6 .02 NS

ER and PR status
ER and PR positive 47 98.7 Referent Referent 0
ER positive, PR negative 10 99.2 0.8 .5 0.76 .4 0
ER and PR negative 60 92.5 4.8 � .001 2.64 � .001 1
ER negative, PR positive 16 85.8 8.7 � .001 5.11 � .001 2

ER, PR, and HER2 status
Hormone receptor positive 16 97.6 Referent Referent 0
Hormone receptor and HER2 positive 50 98.5 0.5 .01 0.79 .4 0
HER2 positive 13 93.1 1.9 .09 1.27 .5 0
Triple negative 42 91.3 2.4 .003 2.20 .009 1

Presence of LVI
No 87 98.2 Referent Referent Referent 0
Yes 46 92.9 3.2 � .001 1.8 .004 1.72 .009 NS 1

Abbreviations: DSS, disease-specific survival; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; LVI, lymphovascular
invasion; NS, not significant; PR, progesterone receptor.
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Table 3 summarizes 5-year DSS for the initial and external vali-
dation cohorts stratified according to PS � G E and PS � G EP score.
Survival differences were noted between the initial and external co-
horts for patients with PS � G E and PS � G EP scores of 2 or 3. In the
external validation cohort, PS � G E and PS � G EP staging facilitated
categorization of patients into more refined subgroups than did
pathologic staging, and the patterns of prediction of DSS were similar
to those demonstrated in the initial cohort (Fig 3).

DISCUSSION

A major challenge to the development of cancer staging systems is the
rapid evolution of cancer biology and identification of additional

biologic factors that predict outcome and response to treatment with
more accuracy than tumor size and nodal status.20,21 The develop-
ment of superior staging systems for patients with invasive breast
cancer has been the focus of several studies.3,22-25 In the current
analysis, when patients were restaged with grade and ER status
along with PS, we observed improved discrimination between
stages with respect to DSS. Both PS � G E and PS � G EP staging
systems refine assessment of prognosis of patients with breast
cancer using variables routinely assessed at standard pathologic
examination; therefore, these novel staging systems can be easily
implemented in clinical practice.

In agreement with other published studies, we found that
higher PS, grade 3 tumor, negative ER, and presence of LVI were

0

P < .001

C−index: 0.68
AIC: 2,038.4

No. at risk
1 2,309 1,668 274 0
2A 944 678 93 0
2B 321 226 31 0
3A 154 87 15 0

No. at risk
0 1,674 1,208 208 0
1 1,395 1,013 143 0
2 592 406 55 0
3 65 30 7 0

No. at risk
0 1,552 1,136 205 0
1 1,271 924 126 0
2 653 450 58 0
3 213 132 22 0
4 37 15 2 0

Di
se

as
e-

Sp
ec

ifi
c

Su
rv

iv
al

 (p
ro

po
rti

on
)

Follow-Up Time (years)

1.0

0.8

0.6

0.4

0.2

5 10 15 0

P < .001

Di
se

as
e-

Sp
ec

ifi
c

Su
rv

iv
al

 (p
ro

po
rti

on
)

Follow-Up Time (years)

1.0

0.8

0.6

0.4

0.2

5 10 150

P < .001

Di
se

as
e-

Sp
ec

ifi
c

Su
rv

iv
al

 (p
ro

po
rti

on
)

Follow-Up Time (years)

1.0

0.8

0.6

0.4

0.2

5 10 15

0

P < .001

No. at risk
0 1,567 1,133 192 0
1 1,134 829 120 0
2 720 509 70 0
3 280 174 28 0
4 25 12 3 0

No. at risk
0 1,567 1,133 192 0
1 1,112 811 116 0
2 707 498 70 0
3 283 185 25 0
4 53 29 10 0
5 6 3 0 0

No. at risk
0 1,617 1,171 206 0
1 1,225 898 130 0
2 690 479 68 0
3 183 104 7 0
4 11 5 2 0

C−index: 0.76
AIC: 1,965.9

PS + G
    0
    1
    2
    3

C−index: 0.77
AIC: 1,968.1

C−index: 0.80
AIC: 1,931.9

C−index: 0.80
AIC: 1,927.3

C−index: 0.78
AIC: 1,949.4

PS + G L
    0
    1
    2
    3
    4

Di
se

as
e-

Sp
ec

ifi
c

Su
rv

iv
al

 (p
ro

po
rti

on
)

Follow-Up Time (years)

1.0

0.8

0.6

0.4

0.2

5 10 15 0

P < .001

Di
se

as
e-

Sp
ec

ifi
c

Su
rv

iv
al

 (p
ro

po
rti

on
)

Follow-Up Time (years)

1.0

0.8

0.6

0.4

0.2

5 10 150

P < .001

Di
se

as
e-

Sp
ec

ifi
c

Su
rv

iv
al

 (p
ro

po
rti

on
)

Follow-Up Time (years)

1.0

0.8

0.6

0.4

0.2

5 10 15

CA B

FD E

PS + G E
    0
    1
    2
    3
    4

PS + G M
    0
    1
    2
    3
    4

PS + G EP
    0
    1
    2
    3
    4
    5

PS
    1
    2A
    2B
    3A

Fig 2. Kaplan-Meier survival plots with risk tables demonstrating association between different staging systems and disease-specific survival in patients with invasive
breast cancer treated with surgery as first intervention. (A) Pathologic stage (PS); (B) PS plus nuclear grade (PS � G); (C) PS plus nuclear grade plus lymphovascular
invasion status (PS � G L); (D) PS plus grade plus estrogen receptor (ER) status (PS � G E); (E) PS plus grade plus the combination of ER and progesterone receptor
(PR) status (PS � G EP); (F) PS plus grade plus combination of ER, PR, and human epidermal growth factor receptor 2 status (PS � G M). Log-rank test is provided
for each comparison. AIC, Akaike’s information criterion; C-index, Harrell’s concordance index.
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adverse prognostic factors.4,24-26 Lundin et al27 suggested that
omission of histologic grade from clinical decision making may
result in overuse of adjuvant therapies. Rakha et al25 suggested that
grade was a strong predictor of outcome in patients and should be
incorporated into a breast cancer staging system.3 Tumor grade is
already part of the staging systems for prostate cancer, soft tissue
sarcomas, and certain bone tumors, and Wasif et al28 recently
suggested that grade be incorporated into the AJCC staging system

for pancreatic cancer. The AJCC has not included tumor grade in
the breast cancer staging system for a number of reasons. First,
some have questioned whether grade adds value in patients with
small tumors.1 We found that grade maintained its utility even in
patients with small tumors, consistent with the results of other inves-
tigations.25,26 Second, the applicability of tumor grade to nonductal
histologic subtypes has been questioned. Recent evidence suggests that
grade is also prognostic in invasive lobular cancers.29

Table 3. DSS Outcomes by Stage According to PS � G E and PS � G EP Staging Systems

Score

Initial Cohort (n � 3,728) External Cohort (n � 26,711)

PNo. of Patients No. of Events 5-Year DSS (%) 95% CI No. of Patients No. of Events 5-Year DSS (%) 95% CI

PS � G E 3,728 133 26,711 2,131

0 1,567 12 99.5 98.9 to 99.7 10,237 234 98.5 98.2 to 98.7 NS

1 1,134 24 98.9 98.0 to 99.4 10,567 739 95.2 94.7 to 95.6 NS

2 720 43 96.1 94.3 to 97.3 4,538 734 86.3 85.2 to 87.4 � .001

3 280 45 86.2 81.4 to 89.8 1,424 364 72.2 69.3 to 74.8 � .001

4 25 9 65.2 41.7 to 81.1 127 60 54.2 44.3 to 63.1 NS

C-index 0.80

CPE 0.71

PS � G EP

0 1,567 12 99.4 98.9 to 99.7 10,237 234 98.5 98.2 to 98.7 NS

1 1,112 24 98.9 98.0 to 99.4 10,443 733 95.2 94.7 to 95.6 NS

2 707 41 96.3 94.5 to 97.5 4,526 722 86.3 85.2 to 87.4 � .001

3 283 37 88.4 83.9 to 91.7 1,294 362 73.9 71.2 to 76.4 � .001

4 53 15 74.3 59.7 to 84.3 197 72 68.2 60.8 to 77.5 NS

5 6 4 50.0 11.1 to 80.3 14 8 53.6 23.8 to 76.2 NS

C-index 0.80

CPE 0.71

Abbreviations: C-index, Harrell’s concordance index; CPE, concordance probability estimate; DSS, disease-specific survival; E, estrogen receptor status; EP,
estrogen and progesterone status; G, grade; NS, not significant; PS, pathologic stage.

P < .001

No. at risk
I 12,930 7,392 1,675 244 0
IIA 7,826 4,437 867 121 0
IIB 4,326 2,253 405 46 0
IIIA 1,629 609 134 19 0

No. at risk
0 10,237 5,762 1,185 161 0
1 10,567 6,012 1,200 157 0
2 4,538 2,361 533 85 0
3 1,242 516 154 24 0
4 127 40 9 3 0

No. at risk
0 10,237 5,762 1,185 161 0
1 10,443 5,925 1,159 151 0
2 4,526 2,342 533 85 0
3 1,294 571 177 28 0
4 197 85 24 4 0
5 14 6 3 1 0
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Fig 3. Kaplan-Meier survival plots with risk tables of disease-specific survival for (A) subgroups of external validation cohort defined using American Joint Committee
on Cancer staging; (B) scores based on pathologic stage plus grade plus estrogen receptor status (PS � G E); (C) scores based on pathologic stage plus grade plus
combination of estrogen and progesterone receptor status (PS � G EP).
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The value of LVI status in determining prognosis has been
debated. Although some have argued that LVI adds little to pre-
dicting outcome in patients with lymph node–positive disease,
others have found that LVI is associated with worse outcome in
node-negative patients independent of tumor size and grade.30 In
our study, survival differences between patients in different stages
decreased and AIC increased when we incorporated LVI into the
PS � G staging system, and LVI was a significant predictor of worse
DSS in univariate and multivariate analyses.

ER, PR, and HER2 status have long been known to have both
predictive and prognostic value in breast cancer, and combinations
of these receptors have been correlated with distinct genomic signa-
tures.8,13 As use of targeted therapy increases, it becomes important to
classify patients according to biomarker profiles for which specific
treatment protocols are available.31-33 In our study, on univariate
analysis, ER-negative status, PR-negative status, and HER2-positive
status were significant adverse factors. However, when both ER and
PR were incorporated into a multivariate model, PR-negative disease
was associated with better DSS. We studied the combination of ER and
PR status in a multivariate model and found that patients with nega-
tive ER and positive PR status had worse DSS than patients with
positive ER and positive PR status or negative ER and negative PR
status, consistent with a report by Rakha et al.34 The PS � G E and
PS � G EP staging systems shared the highest C-index (0.80), and
there was no statistical difference in AIC, even though the PS � G EP
staging system had the lowest AIC value (1,927.3 v 1,931.9). However,
because of the small number of patients with ER-negative and PR-
positive status (2.5%), the group with a PS � G EP score of five had a
small sample size (n � 6 for initial cohort; n � 14 for external cohort).
As a result, it was not possible to identify significant differences be-
tween the values. A larger cohort with negative ER and positive PR
status is required to validate the survival impact for this subset. On the
basis of the results from our study, we recommend use of the PS � G
E instead of the PS � G EP staging system. Breast cancers with differ-
ent IHC receptor profiles (hormone receptor positive, hormone re-
ceptor and HER2 positive, HER2 positive, and triple negative) have
been associated with significantly different prognoses in patients
treated both with and without adjuvant endocrine therapy.13 How-
ever, in our study, we found that survival differences decreased and
AIC increased when we incorporated combined ER, PR, and HER2
status into the PS � G staging system. One caveat is that the dates of
inclusion in this study largely predate the routine use of trastuzumab
for patients with HER2-overexpressing disease. Our model, therefore,
was not able to capture the benefit of trastuzumab therapy. Thus, these
staging systems are not applicable to such patients, and future work
will need to be performed to develop similar staging systems appro-
priate for this population.

The PS � G E staging system was developed with an initial cohort
and validated using an external cohort (SEER). Internal validation
confirmed the robustness of the model (C-index dropped slightly
from 0.80 to 0.79, and concordance probability estimate from 0.71 to
0.69 after bootstrapping), and the C-index of 0.8 represents acceptable
concordance. For comparison, a majority of C-indices for other can-
cer prediction models (eg, pancreatic, colorectal, gastric, and prostate
cancers) are from 0.61 to 0.80.35-39 Despite differences in the distribu-
tion of pathologic factors in the initial and external cohorts, the PS �
G E staging system stratified patients in the external cohort into more

refined prognostic subgroups than the current AJCC staging system.
Together, these findings suggest that the PS � G E staging system has
excellent discrimination and broad applicability and can be general-
ized to other institutions with patient populations and/or practice
patterns not identical to those at MD Anderson.

This study has several limitations. First, it was performed
using retrospectively collected data, and treatment was not as-
signed in a randomized fashion. Second, we used population-based
data as the external cohort. SEER data are checked regularly for
discrepancies and reportedly have 95% accuracy; however, the
possibility of coding errors remains. Furthermore, we cannot ac-
count for variability among SEER regions in pathology protocols
used to assess grade and ER status or for interobserver variability
among pathologists. Finally, SEER lacks information on chemo-
therapy, so we were unable to exclude patients treated with neoad-
juvant chemotherapy, which may explain the discrepancy between
groups when PS � G E score was two or three. However, we
demonstrated that the addition of grade and ER status makes sense
given their significant and independent association with survival,
and they can simply be added to the existing pathologic staging
system. In other words, the novel PS � G E staging system does not
create a more complex staging system but rather builds on the
existing AJCC staging system.

In conclusion, our results show that tumor grade and ER
status are significant, independent predictors of DSS after primary
surgery. We also confirmed that the PS � G E staging system
improves discrimination among patient subgroups with respect to
DSS. These findings may have implications for decision making
regarding adjuvant therapy and risk stratification of patients enter-
ing clinical trials. Importantly, the PS � G E score can readily be
determined using data available in clinical and pathologic records.
For grade and ER to be integrated into the AJCC staging system, a
national effort is needed to standardize their assessment so that
both are reproducible, and intra- and interpathologist variability
is minimized.
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