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Abstract
Background The TNM system, which reflects the anatomical extent of disease, was used for stage definition. In the recently 
published AJCC 8th edition, the new staging system of the clinical and pathological prognostic stage, which incorporates 
biological factors, is introduced.
Patients and methods A total of 2622 patients with primary breast cancer at stage I–III were included in this study. The 
anatomic stage (aStage) and the pathological prognostic stage (ppStage) for each case were determined according to the 
definition of the AJCC 8th edition, and the influence of these stages on the prognosis was compared.
Results The stage distributions of aStage and ppStage were as follows: aStage, stage IA (54.8%), IB (1.1%), IIA (26.1%), IIB 
(9.2%), IIIA (5.6%), IIIB (0.1%), and IIIC (3.1%); and ppStage, stage IA (66.6%), IB (13.1%), IIA (11.1%), IIB (3.2%), IIIA 
(3.3%), IIIB (1.4%), and IIIC (1.2%). Compared with the aStage, the ppStage stayed the same in 1710 patients (65.2%), was 
downstaged in 778 patients (29.7%), and was upstaged in 134 patients. The pathological tumor size (pT2) and lymph node 
metastasis (pN1) were associated with downstaging, and histological grade 3 was associated with upstaging. ER positivity, 
PgR positivity, and HER2-positivity were significantly associated with downstaging, and the TN subtype was associated 
with upstaging. Both the aStage and ppStage were significantly associated with the prognosis; however, the Kaplan–Meier 
curves for the relapse-free survival (RFS), distant recurrence-free survival (DRFS), and overall survival were better strati-
fied by the ppStage.
Conclusion The ppStage reflects the prognosis of patients with early breast cancer more accurately than the aStage.

Keywords Breast cancer · TNM · AJCC · Pathological prognostic stage

Introduction

An improved understanding of the breast cancer biology has 
greatly changed the therapeutic strategies for both early and 
advanced breast cancer. The evaluations of the expression of 
estrogen receptor (ER) and progesterone receptor (PgR) and 
human epidermal growth factor 2 (HER2) status are neces-
sary to choose the most appropriate treatment. In addition, a 
number of factors, including the tumor grade, Ki67 labeling 
index, and results of multigene assays, such as Oncotype Dx, 
are considered when determining the adjuvant therapy for 
early breast cancer [1, 2].

The TNM (primary tumor [T], regional lymph node [N], 
and distant metastases [M]) staging system by American 
Joint Committee on Cancer (AJCC) began in 1959 [3]. 
Since then, it has been employed worldwide, including in 
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Japan, to manage breast cancer. Recently, the 8th edition of 
AJCC staging system was published [4], showing substantial 
changes from the 7th edition. The most critical change is 
the introduction of the prognostic stage (clinical prognostic 
stage and pathological prognostic stage).

The prognostic stage incorporates the biological factors, 
such as the tumor grade, ER and PgR expression and HER2 
overexpression and/or amplification. If the OncotypeDx® 
test is performed in cases with a T1N0M0 or T2N0M0 can-
cer that is ER + /HER2-, the recurrence score (RS) is used 
to determine the pathological prognostic stage (ppStage) [4]. 
The ppStage is based on all clinical information, biomarker 
data, and findings from surgery and resected tissue, and it 
is expected to reflect the outcomes of patients with breast 
cancer more accurately than the anatomic stage (aStage).

Since the publication of the AJCC 8th edition, some insti-
tutions have reported the validation of the new AJCC 8th 
edition of the staging system [5–9]. However, the reported 
differences in the stage between the aStage and ppStage, as 
well as the prognosis with each stage, have varied among 
reports.

In the present study, we retrospectively compared the two 
clinical staging systems of the aStage and ppStage estab-
lished by the 8th edition of the AJCC staging system and 
analyzed the clinical significance of the prognostic staging 
system proposed in the treatment of early breast cancer.

Patients and methods

Patient population

A total of 2622 patients with primary breast cancer at 
stage I–III, who underwent surgery without neoadjuvant 
systemic therapy in the Department of Breast Oncology, 
National Hospital Organization Kyushu Cancer Center 
between 2003 and 2016 were included in this study. The 
clinical data were obtained from the patients’ medical 
records. Adjuvant treatment had been determined consid-
ering various factors, according to the clinical guidelines 
and the recommendations of the expert panel at that time as 
well as based on the clinical condition and preferences of 
the patients. Written informed consent was obtained from 
all of the patients before collecting the tissue samples. This 
study was approved by the institutional review board in our 
hospital.

Pathological examinations

All pathological examinations were performed by the expe-
rienced pathologists in our hospital. The expression of ER 
and PgR was regarded as positive if their nuclear expression 
was ≥ 1%. The HER2 status was evaluated according to the 

recommendation of ASCO/CAP; HER2 score of 0 and 1 was 
defined as negative, while score of 3 was defined as positive. 
For HER2 score 2, amplification of HER2 was confirmed by 
in situ hybridization methods (FISH or DISH) [10].

Stage classification

The aStage and ppStage for each case were determined 
according to the definition of the 8th AJCC TNM stage 
group tables [11]. For the definition of primary tumor (T) 
and regional lymph nodes (N), pathological T (pT) and 
pathological N (pN) were used in this study, respectively.

Statistical analyses

The statistical analyses were performed using the JMP soft-
ware package, version 14.0 (SAS Institute Inc., Cary, NC, 
USA). The associations between the clinicopathological 
characteristics were assessed using χ2 tests. The relapse-free 
survival (RFS) was defined as the time from surgery to the 
first breast cancer event, including loco-regional recurrence, 
distant metastasis or a new cancer in the contralateral breast. 
The distant recurrence-free survival (DRFS) was defined as 
the time from the date of curative surgery to the detection of 
distant recurrence. The overall survival (OS) was defined as 
the time from the date of curative surgery to death. Survival 
curves were plotted using the Kaplan–Meier method, and 
the association between the survival and each variable was 
determined by the log-rank test. Differences were considered 
to be significant at p < 0.05.

Results

Patients’ characteristics

In total, 2622 patients with primary breast cancer who 
underwent curative surgery were included in this study. 
The clinicopathological characteristics of these patients are 
described in Table 1. The median age of the patients was 
58 years (range 19–91). ER, PgR, and HER2 were positive 
in 2136 (81.5%), 1790 (68.3%) and 420 patients (16.0%), 
respectively. Positivity of hormone receptor (HR+) was 
defined as ER+ and/or PR+. In terms of tumor subtypes 
determined by HR and HER2, HR+ /HER2− subtypes were 
observed in 2039 patients (77.8%), HR+ /HER2+ in 154 
(5.9%), HR− /HER2+ 176 (6.7%), and HR−/HER2− (triple 
negative; TN) in 253 (9.6%). Adjuvant endocrine therapy 
was administrated to 92.6% (2030/2193) of the patients with 
HR+ tumors (2030/2193). Adjuvant chemotherapy was per-
formed for 1032 (39.4%) of the patients. Trastuzumab was 
used for only 150 of the 450 patients with HER2+ tumors. In 
Japan, adjuvant trastuzumab was approved in 2008, so few 
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patients with HER2+ tumors received adjuvant trastuzumab 
before 2008. Among the 272 patients who underwent sur-
gery between 2008 and 2016, 146 (53.6%) were treated with 
adjuvant trastuzumab.

The stage distribution of aStage was as follows: stage IA 
(54.8%), IB (1.1%), IIA (26.1%), IIB (9.2%), IIIA (5.6%), 
IIIB (0.1%), and IIIC (3.1%). The stage distribution of 
ppStage was as follows: stage IA (66.6%), IB (13.1%), IIA 
(11.1%), IIB (3.2%), IIIA (3.3%), IIIB (1.4%), and IIIC 
(1.2%). Thus, the proportion of patients in stage IA and IB 
was higher for the ppStage than for the aStage.

Changes in the stage between the aStage 
and the ppStage

The relationships between the aStage and ppStage are shown 
in Table 2. BCs with an aStage of stage IA (n = 1437) were 
redistributed to a ppStage of stage IA (n = 1336, 93.0%), 
stage IB (n = 99, 6.9%), and stage IIIA (n = 2, 0.1%). More 
than half of the BCs with stage IIA of aStage (n = 684) were 
redistributed to a ppStage of stage IA (n = 350, 51.2%), and 
many of the BC with an aStage of IIB (n = 241) was down-
staged to stage IA (n = 27, 11.2%), stage IB (n = 102, 42.3%), 
and stage IIA (n = 36, 14.9%, Table 2) for the ppStage. In 
total, compared with aStage, the ppStage was the same 
in 1710 patients (65.2%), and downstaged in 778 patients 
(29.7%) and upstaged in 134 patients (5.1%, Tables 1 and 
2). The relationships between the clinicopathological charac-
teristics and the changes in the stage from aStage to ppStage 
are shown in Table 3. The pathological tumor size (pT2) and 
lymph node metastasis (pN1) were associated with down-
staging, and histological grade 3 was associated with upstag-
ing. ER positivity, PgR positivity, and HER2-positivity were 
significantly associated with downstaging, and the TN sub-
type was associated with upstaging. These associations were 
expected to some degree based on the definition of ppStage.

The prognosis according to the aStage and ppStage

The prognosis according to the aStage and ppStage is shown 
in Fig. 1. Both the aStage and ppStage were significantly 

Table 1  Clinicopathological characteristics of the patients

Factors n = 2622

Age, median, range 58 (19–91)
Age groups (years)
 ≤ 39 180 (6.9)
 40–49 584 (22.3)
 50–59 698 (26.7)
 60–69 711 (27.1)
 ≥ 70 444 (17.0)

Histology
 IDC 2405 (91.7)
 ILC 101 (2.9)
 Mucinous 83 (3.2)
 Others 33 (1.2)

Histological grade
 1 595 (22.7)
 2 1331 (50.8)
 3 696 (26.5)

ER
 Negative 486 (18.5)
 Positive 2136 (81.5)

PgR
 Negative 832 (31.7)
 Positive 1790 (68.3)

HER2
 Negative 2202 (84.0)
 Positive 420 (16.0)

Subtype
 HR+/HER2− 2039 (77.8)
 HR+/HER2+ 154 (5.9)
 HR−/HER2+ 176 (6.7)
 HR−/HER2− 253 (9.6)

Adjuvant therapy
 Endocrine therapy 2030 (77.4)
 Chemotherapy 1032 (39.4)
 Trastuzumab 150 (5.7)

Anatomic stage (aStage)
 IA 1437 (54.8)
 IB 29 (1.1)
 IIA 684 (26.1)
 IIB 241 (9.2)
 IIIA 147 (5.6)
 IIIB 3 (0.1)
 IIIC 81 (3.1)

Pathological prognostic stage (ppStage)
 IA 1747 (66.6)
 IB 346 (13.1)
 IIA 292 (11.1)
 IIB 83 (3.2)
 IIIA 88 (3.3)
 IIIB 37 (1.4)
 IIIC 31 (1.2)

Table 1  (continued)

Factors n = 2622

Stage change between aStage and ppStage
 Same 1710 (65.2)
 Down-stage 778 (29.7)
 Up-stage 134 (5.1)

aStage anatomic stage, ppStage pathological prognostic stage, IDC 
invasive ductal carcinoma, ILC invasive lobular carcinoma, ER estro-
gen receptor, PgR progesteronr receptor, HER2 human epidermal 
growth factor receptor 2, HR hormone receptor
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associated with the prognosis, in terms of the RFS (Fig. 1a, 
b), DRFS (Fig. 1c, d), and OS (Fig. 1e, f). However, all 
Kaplan–Meier curves were better stratified by the ppStage 
(Fig. 1b, d, f) than by the aStage. The RFS, DRFS, and OS at 
5 and 10 year after surgery for each stage by the aStage and 
ppStage groups are shown in Table 4. All of the RFS, DRFS, 
and OS values were divided more clearly by the ppStage 
than by the aStage.

Relationships between the tumor subtypes 
and the prognosis according to the stage 
determined by aStage and ppStage

The RFS and DRFS of each tumor subtype were analyzed. In 
the total cohort, the prognosis of the TN subtype was signifi-
cantly worse than that of the other subtypes in terms of both 
the RFS and DRFS (Fig. 2a, b). The RFS and DRFS were 
then analyzed for each stage (stage I, II, and III) according to 
the aStage or ppStage. The RFS of the TN subtype was sig-
nificantly poorer for aStage III than for the other subtypes, 
although there were no significant differences in the RFS 

among the subtypes in aStage I and II (Fig. 2c–e). In con-
trast, there were no significant differences in the RFS among 
subtypes in ppStage I–III (Fig. 2f–h). In terms of the DRFS, 
the value in the HR+/HER2− subtype was significantly bet-
ter for aStage I than for the other subtypes (Fig. 2i), and that 
of the TN subtype was significantly poorer in for aStage III 
than for the HR+/HER2− and HER2+ subtypes (Fig. 2k). 
However, there were no significant differences in the DRFS 
among subtypes in ppStage I–III (Fig. 2l–n). Thus, accord-
ing to the aStage, the prognosis differs among subtypes even 
in for those with the same stage. However, according to the 
ppStage, the difference in the prognosis for those in the same 
stage was not significant among the subtypes.

Discussion

Recent advances in research concerning the subtypes and 
biological characteristics of breast cancer have greatly 
changed the treatment strategies for breast cancer. In addi-
tion to the tumor size and the lymph node metastasis, many 

Table 3  Relationships between 
the clinicopathological 
characteristics and the stage 
changes

HR hormone receptor

Factors Down-stage (n = 778) Same stage (n = 1710) Up-stage (n = 134) p value

pT
 1 232 (29.8) 1413 (82.6) 105 (78.4) < 0.0001
 2 489 (62.9) 273 (16.0) 17 (12.7)
 3- 57 (7.3) 24 (1.4) 12 (9.0)

pN
 0 283 (26.4) 1536 (89.8) 104 (77.6) < 0.0001
 1 mic 43 (5.5) 2 (0.1) 1 (0.8)
 1 314 (40.4) 115 (6.7) 22 (16.4)
 2 77 (9.9) 37 (2.2) 7 (5.2)
 3 61 (7.8) 20 (1.2) 0 (0)

Histological grade
 1 150 (19.3) 445 (26.0) 0 (0) < 0.0001
 2 440 (56.6) 842 (49.2) 49 (36.6)
 3 188 (24.2) 423 (24.7) 85 (63.3)

ER
 Negative 27 (3.5) 332 (19.4) 127 (94.8) < 0.0001
 Positive 751 (96.5) 1378 (80.6) 7 (5.2)

PgR
 Negative 47 (6.0) 656 (38.4) 129 (96.3) < 0.0001
 Positive 731 (94.0) 1052 (61.6) 5 (3.7)

HER2
 Negative 669 (86.0) 1400 (81.9) 133 (99.3) < 0.0001
 Positive 109 (14.0) 310 (18.1) 1 (0.7)

Subtype
 HR+/HER2− 678 (87.2) 1354 (79.2) 7 (5.2) < 0.0001
 HER2+ 100 (12.9) 230 (13.5) 0 (0)
 TN 0 (0) 126 (7.4) 127 (94.8)
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biological factors, including the tumor grade, growth activity 
(Ki67 index), expression of HR and HER2 status and multi-
gene assays, are taken into consideration when deciding on 
adjuvant treatment strategies.

While the anatomic TNM classifications (aStage) remain 
the basis of stage classification in the AJCC 8th edition, a 
new staging system, known as the clinical and pathologic 
prognostic stage (ppStage) was adopted [4]. In this new 
staging system, the ER, PgR, HER2, and tumor grade were 
incorporated into the prognostic stage definition. Since the 
publication of the AJCC 8th edition, several studies have 
compared the 7th and 8th edition of the AJCC staging 
system [5–8]. Many noted that the new prognostic stage 
provides a more powerful tool for predicting breast cancer 
outcomes than the aStage. For example, Lee et al. reported 
that, according to the aStage, the 5-year OS of patients with 
stage III HR+/HER2− subtype was superior to that of those 
with a stage II TN subtype. However, according to the clini-
cal prognostic stage, both the 5-year disease-free survival 
(DFS) and OS rates of patients with stage II TN subtype 

were higher than those of patients with stage III HR+/
HER2− subtype [8]. Both the frequencies and the impact 
on the prognosis on the changes from the anatomic stage 
to either the clinical or pathological prognostic stage were 
found to differ markedly among studies.

In the present study, we used the ppStage instead of the 
clinical prognostic stage because we believe that the ppStage 
reflects the prognosis more accurately than the clinical prog-
nostic stage. Compared to the aStage, 778 patients (29.7%) 
were downstaged and 134 patients (5.1%) were upstaged 
using the ppStage. Especially, with the ppStage, the num-
ber of patients with stage IA and IB disease were markedly 
greater than those with the aStage. ER-, PgR- and HER2-
positivity, the tumor size of pT2, and the nodal status of pN1 
were significantly associated with the downstaging, while 
histological grade 3 and TN subtype were associated with 
the upstaging. These results were similar to those from a 
recent study conducted in Korea [12].

In the current study, we confirmed the impact of the 
tumor subtypes on the prognosis in the same stage by 

Fig. 1  The relapse-free survival 
(RFS), distant recurrence-free 
survival (DRFS) and overall 
survival (OS) according to the 
stage determined by anatomical 
stage (aStage) and pathologi-
cal prognostic stage (ppStage). 
a RFS by aStage, b RFS by 
ppStage, c DRFS by aStage, 
d DRFS by ppStage, e OS by 
aStage, f OS by ppStage. The 
number in each stage was as 
follows: aStage IA n = 1437, IB 
n = 29, IIA n = 684, IIB n = 241, 
IIIA n = 147, IIIB n = 3, IIIC 
n = 81. ppStage IA n = 1747, IB 
n = 346, IIA n = 292, IIB n = 83, 
IIIA n = 86, IIIB n = 37, IIIC 
n = 31

(a)

P<0.0001

P<0.0001

P<0.0001
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P<0.0001

(b)

(c) (d)
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aStage and ppStage. As expected, the RFS and DRFS were 
significantly poorer for the TN subtypes by aStage than for 
other subtypes. In contrast, according to the ppStage, there 
were no differences in the RFS or DRFS among subtypes 
for stage I, II or III. The impact of the prognostic stage on 
the prognosis seems to differ among subtypes and stud-
ies. Prognostic staging provides no better discriminatory 
ability concerning the prognosis than anatomical staging 
in the TN subtype [13]. In contrast, however, in HER2-
positive breast cancer in the ShortHER trial, the utility of 
the prognostic stage was validated [14].

The merit of this study is that these data are form a 
single institution with high-quality follow-up and updated 
clinical data. However, these are several limitations asso-
ciated with our study as well. All data are retrospective, 
and the duration of the follow-up was not sufficient. Fur-
thermore, the details of adjuvant treatments were not 
included in our study. In our study, we aimed to evaluate 
the ppStage, because the ppStage reflects the prognosis 
more precisely than the clinical prognostic stage. There-
fore, the patients who had received neoadjuvant systemic 
therapy were excluded. The rate of trastuzumab usage for 
the patients with HER2+ tumors was less than the current 
standard rate, because many patients in the present study 
were treated in the era before the approval of adjuvant 
trastuzumab. These potential biases might have affected 
the results of the present study. The new staging system 
ppStage places greater emphasis on the tumor grade and 
tumor subtypes than the aStage. However, the tumor bur-
den, such as the tumor size and nodal involvement, is also 
important to consider when treating breast cancer patients. 
The proportion of patients diagnosed at a very early stage 
was much higher in this study than in previous studies. 
The medical systems, screening systems, and medical 
insurance systems differ markedly among countries and 
regions. Therefore, it is important to evaluate the clinical 
significance of the ppStage established in the 8th edition 
of the AJCC staging system in other countries and regions 

as well. A long follow-up will also be important for evalu-
ating the clinical significance of the new staging system.
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