
Abstract. Background/Aim: The American Joint Committee
on Cancer (AJCC) released its 8th edition of tumor staging
which is to be implemented in early 2018. The present study
aimed to analyze the prognostic value of AJCC 8th edition
Cancer Staging System in HER2-enriched breast cancer, on
a retrospective cohort. Patients and Methods: This study was
a retrospective single-center study of HER2-enriched breast
cancer cases diagnosed from January 2008 to December
2014. Clinicopathological features and follow up data
including disease-free survival (DFS) and overall survival
(OS) were analyzed to explore prognostic factors for disease
outcome. We restaged patients based on the 8th edition of
the AJCC cancer staging system and analyzed prognostic
value of the Anatomic Stage Group and the Prognostic Stage
Group. Results: The study enrolled 170 HER2-enriched
subtype breast cancer patients with 5-year disease free
survival (DFS) of 85.1% and 5-year overall survival (OS) of
86.8%. Prognostic stages of 117 cases (68.8%) changed
compared with anatomic stages, with 116 upstaged cases and
1 downstaged case. The Anatomic Stage Groups had a
significant prognostic impact on DFS (χ2=16.752, p<0.001)
and OS (χ2=25.038, p<0.001). The Prognostic Staging
Groups had a significant prognostic impact on DFS
(χ2=6.577, p=0.037) and OS (χ2=21.762, p<0.001). In the
multivariate analysis, both stage groups were independent
predictors of OS. Conclusion: Both Anatomic and Prognostic
Stage Groups in the 8th edition of the AJCC breast cancer
staging system had prognostic value in HER2-enriched
subtype breast cancer. The Prognostic Stage system was a
breakthrough on the basis of anatomic staging system.

The American Joint Committee for Cancer (AJCC) cancer
staging system is one of the important tools for physicians
to help predict disease progression and make therapeutic
decisions. The 8th edition of the AJCC Cancer Staging
System, which was promulgated in October 2016, added four
biologic factors including tumor grade, estrogen and
progesterone receptor expression, human epidermal growth
factor receptor 2 (HER2) expression and multigene panels to
anatomic stage system, forming novel Prognostic Staging
Group table, aiming at providing a more precise tool for
prognostic classification (1). This new staging will require
more validation for its clinical value in different tumor
subtypes, clinical settings, ethnic regions and population as
well as long term benefits for the patients. In the present
study, we have used a retrospective cohort of Chinese
patients with a HER2 enriched subtype of breast cancer and
conducted analysis using this new staging method. The value
of AJCC 8th edition on HER2 subtype is not known. Here,
we report the result of a retrospective study of 170 patients
with HER2-enriched breast cancer cases treated in Breast
Disease Center, Peking University First Hospital from 1st
January 2008 to 31st December 2014. The 8th edition of the
AJCC Cancer Staging System was used to restage all
enrolled patients and analyzed prognostic value of Anatomic
Stage System and the Prognostic Stage System.

Patients and Methods

This retrospective study comprised HER2-enriched subtype invasive
breast cancer patients newly diagnosed and treated Breast Disease
Center, Peking University First Hospital from 1st January 2008 to
31st December 2014. Patients were excluded if clinicopathological
information or follow-up data were not available or incomplete.

Histopathological determination of biomarkers. The expression of
estrogen receptor (ER), progesterone receptor (PR), HER2 were
assessed according to the American Society of Oncology/College of
American Pathologist guidelines (2, 3). Histopathologic grade was
determined by tubule formation, nuclear pleomorphism, and mitotic
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count according to Scarff-Bloom-Richardson System-Nottingham
Modification (4).

Molecular subtypes. Intrinsic molecular subtypes were determined
according to the St. Gallen International Expert Consensus
recommendations 2011 (5). HER2-enriched subtype was ER/PR
negative and HER2 positive.

Anatomic and prognostic staging. Anatomic and prognostic staging was
evaluated according to the 8th edition of the AJCC staging manual (1).

Follow-up. The patients received clinical follow-ups every 12
months. Follow-up data were last updated in December 2016.

Statistical analysis. The data were analyzed using SPSS software
version 19.0 (SPSS, IBM Corp, Armonk, NY, USA). Categorical
variables were described using rates. Continuous variables were
described using medians and interquartile range (IQR). Disease free
survival (DFS) was calculated from the day of surgery to the
ipsilateral loco-regional relapse or distant metastasis, or censored at
the last follow-up. Overall survival (OS) was calculated from the
diagnosis to death, or censored at the last follow-up. The
relationship between categorical variables was analyzed with
Pearson chi-square test. Kaplan-Meier method and log-rank test
were used to calculate 5-year DFS and OS, and perform univariate
analysis. Factors associated with prognosis in the univariate analysis
or wildly acknowledged, were considered in the multivariate
analysis using proportional hazard Cox models. Variable selection
was backward. p<0.05 was considered to be statistically significant.

Results

Patient demographic information. From 1st January 2008 and
31st December 2014, 2171 primary invasive breast cancer
patients were diagnosed in the Breast Disease Center, Peking
University First Hospital. A total of 208 cases, 9.6%) were of
the HER2-enriched subtype. One hundred and seventy of the
patients were enrolled. The remaining 38 cases were excluded
due to incomplete information (Figure 1). All patients were
female and the median age was 54 years (IQR=45-62 years).
The median follow-up time was 54 months (IQR=31-63
months). The 5-year DFS was 85.1% and 5-year OS was
86.8%. Patient characteristics are described in Table I.

Results of patients staged by anatomic staging groups.
Among all 170 patients, 51 cases (30.0%) were anatomic
stage I, 74 cases (43.5%) were stage II, 34 cases (20%) were
stage III, 11 cases (6.5%) were stage IV (Table II). There
were significant differences in DFS (χ2=16.752, p<0.001)
and OS (χ2=25.038, p<0.001) between anatomic stage
groups (Figure 2).

Results of patients staged by prognostic staging groups. Among
all 170 patients, 51 cases (30.0%) were stage I, 48 cases
(28.2%) were stage II, 60 cases (35.3%) were stage III, 11
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Figure 1. Flow diagram of the study cohort.



cases (6.5%) were stage IV (Table II). There were significant
differences in DFS (χ2=6.577, p=0.037) and OS (χ2=21.762,
p<0.001) between prognostic stage groups (Figure 3).

Differences between staging results using anatomic and
prognostic stage groups. One hundred and seventeen patients
(68.8%) had different results when staged separately using
anatomic and prognostic stage groups among all 170 patients.
One hundred and sixteen patients were upstaged in prognostic
stage groups compared with anatomic stage groups. Only 1
patient (T3N3M0, grade 1) was downstaged from anatomic
stage IIIC to prognostic stage IIIB (Table III). A total of 85
patients (73.3%) were grade 3 among the 116 patients who
were upstaged. Eleven patients (26.2%) were grade 3 out of
42 patients with an unchanged stage. The proportion of
patients with grade 3 in the upstaged group was significantly
higher than that in the unchanged group (p<0.001).

Results of multivariate analysis. Variables considered in the
Cox model included age, anatomic stage, prognostic stage,
lymph-vascular invasion, Ki67 (≤30% or >30%). In the
multivariate analysis, anatomic stage was the independent
predictor of DFS (p=0.003). Age, anatomic stage, prognostic
stage were independent predictors for OS (Table IV).

Anti-HER2 therapy. Trastuzumab therapy was given to 75
cases (44.1%), 95 cases (55.9%) refused anti-HER2 therapy
for economic reasons. The proportion of application of
trastuzumab was low before 2011 and increased after 2012
(Table V). The proportion of application of trastuzumab was
higher in the high-risk subgroup than in the low-risk
subgroup, regardless of whether the staging was based on
anatomic or prognostic stage groups (Table VI).

Prognostic value of the Prognostic Stage Groups in patients
treated with trastuzumab. For patients that had received the
anti-HER2 therapy trastuzumab, the 5-year DFS was 92%,
5-year OS was 92.6%, better than those patients that did not
have anti-HER2 therapy whose 5-year DFS was 80.8% and
5-year OS was 83.4%. There were significant differences in
OS (χ2=15.117, p=0.002) and no significant difference in
DFS (χ2=0.470, p=0.791) between prognostic stage groups
(Figure 4).

Discussion

Since the 1st edition of the AJCC cancer Staging Manual
was published in 1977, the AJCC insisted on seeing
anatomic information including primary tumor (T), regional
lymph nodes (N) and distant metastases (M) as the
fundamental of cancer staging (6). These three anatomic
factors formed the TNM staging system, which allow
evaluation of tumor burden. The TNM staging system has

become the most widely used and authoritative cancer
staging system in the world after several revisions and tested
for decades in clinical practice. Compared to anatomic
information, pathological characteristics reflect more
intrinsic nature as breast cancer is highly heterogeneous (7).
In recent years, physicians increasingly pay more attention
to the impact of biological factors on prognosis prediction
and therapeutic decision making, promoting the evolution
from population-based to classification-based treatment. The
8th edition of the AJCC cancer staging system which will be
implemented in 1 January 2018, has reflected this aspect, by
adding histologic grade (G), ER, PR and HER2 to the TNM
staging system for the first time. The newly established
staging system was called the Prognostic Staging Groups.
Compared with the TNM staging system, called the
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Table I. Patient characteristics.

Characteristic                                                 Number of cases (%)

Age                                                                                   
    <35                                                                         7 (4.1)
    35-65                                                                   128 (75.3)
    >65                                                                       35 (20.6)
Menopausal status                                                           
    Premenopausal                                                     58 (34.1)
    Postmenopausal                                                  112 (65.9)
Histological grade                                                           
    G1                                                                           4 (2.4)
    G2                                                                         67 (39.4)
    G3                                                                         99 (58.2)
Histological type                                                             
    Ductal                                                                  166 (97.6)
    Lobular                                                                   1 (0.6)
    Others                                                                     3 (1.8)
Lymphvascular invasion                                                 
    Yes                                                                        22 (12.9)
    No                                                                        148 (87.1)
Ki-67 status                                                                     
    ≤30%                                                                    60 (35.3)
    >30%                                                                   110 (64.7)
Surgical therapy                                                              
    Breast conserving surgery                                   22 (12.9)
    Mastectomy                                                         148 (87.1)
Axillary staging*                                                             
    SLNB                                                                   60 (35.3)
    ALND                                                                 109 (64.1)
    None                                                                       1 (0.6)
Chemotherapy                                                                 
    Yes                                                                       135 (79.4)
    No                                                                         35 (20.6)
Trastuzumab therapy                                                       
    Yes                                                                        75 (44.1)

  No                                                                         95 (55.9)

*SLNB: Sentinel lymph node biopsy; ALND: axillary lymph node
dissection.
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Figure 3. DFS (a) and OS (b) of different prognostic stage groups. There
were significant differences in DFS (χ2=6.577, p=0.037) and OS
(χ2=21.762, p<0.001) between prognostic stage groups.

Figure 2. DFS (a) and OS (b) of different anatomic stage groups. There
were significant differences in DFS (χ2=16.752, p<0.001) and OS
(χ2=25.038, p<0.001) between anatomic stage groups. 

Table II. Numbers, proportions, 5-year DFS and OS of different anatomic and prognostic stage groups

Anatomic Stage Group        N (%)        5-year DFS (%)    5-year OS (%)     Prognostic Stage Group         N (%)      5-year DFS (%)    5-year OS (%)

Stage I                                51 (30.0)                90.7                      88.3                 Stage I                               51 (30.0)             90.7                      88.3
  IA                                    49 (28.8)                                                                     IA                                        1 (0.6)                                                
  IB                                       2 (1.2)                                                                       IB                                       50 (29.4)                                              
Stage II                               74 (43.5)                94.2                      93.7                 Stage II                              48 (28.2)             93.4                      93.2
  IIA                                   48 (28.2)                                                                     IIA                                     19 (11.2)                                              
  IIB                                   26 (15.3)                                                                     IIB                                     29 (17.1)                                              
Stage III                               34 (20)                 59.2                      80.3                 Stage III                            60 (35.3)             72.8                      85.1
  IIIA                                  20 (11.8)                                                                     IIIA                                    35 (20.6)                                              
  IIIB                                    2 (1.2)                                                                       IIIB                                     12 (7.1)                                               
  IIIC                                   12 (7.1)                                                                      IIIC                                     13 (7.6)                                               
Stage IV                              11 (6.5)                                              30.3                 Stage IV                             11 (6.5)                                            30.3



Anatomic Staging Groups in the 8th edition, the Prognostic
Staging Groups were more recommended. There was no
study reporting the prognostic value of the 8th edition of the
AJCC breast cancer staging system in different molecular
subtypes.

Results of our study showed that both the anatomic and
prognostic staging system could predict prognosis of HER2-
enriched subtype breast cancer patients. The combination of
traditional anatomic information reflecting tumor burden and
biological information reflecting intrinsic characteristics of
tumor can provide a more rational and diversified basis for
physicians to understand the feature of a specific tumor and
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Figure 4. DFS(a) and OS(b) of different prognostic stage groups in
patients treated with trastuzumab. There were significant differences in
OS (χ2=15.117, p=0.002) and no significant difference in DFS
(χ2=0.470, p=0.791) between prognostic stage groups. 

Table III. Differences of stages when changed from anatomic to
prognostic stage groups.

Anatomic Stage                Prognostic Stage Groups
Groups
                                  Unchanged              Upstaged              Downstaged

Stage          N            Stage         N           Stage          N           Stage       N

IA              49             IA           1              IB            48                            
IB               2               IB           2                                                             
IIA            48             IIA          19            IIB           29                            
IIB             26                                           IIIA          26                            
IIIA           20            IIIA          9            IIIB          11                            
IIIB            2                                            IIIC           2                             
IIIC           12            IIIC         11                                           IIIB         1
IV              11              IV          11                                                            

Table IV. Results of multivariate analysis of predictor of OS using
proportional hazard Cox models

Characteristic                                                    OS

                                         HR                        95% CI                    p-Value

                                                            Lower           Upper                 

Anatomic stage                                                                               0.004
   I                                    Ref                                                              
   II                                 0.480             0.114             2.024             0.317
   III                                2.532             0.820             7.814             0.106
   IV                                7.584             1.711            33.611            0.008
Prognostic stage                                                                              0.018
   I                                    Ref                                                              
   II                                 0.504             0.096             2.650             0.419
   III                                1.604             0.536             4.800             0.398
   IV                                7.760             1.747           34.466            0.007
Age                                 1.060             1.020             1.102             0.003

Table V. Proportions of application of trastuzumab every year from
2008 to 2014.

Year                            No. of                     Proportion of application 
                                  patients                          of trastuzumab (%)

2008                                9                                         1 (11.1)
2009                               17                                        3 (17.6)
2010                               19                                        7 (36.8)
2011                               27                                        7 (25.9)
2012                               34                                       19 (55.9)
2013                               30                                       20 (66.7)
2014                               34                                       18 (52.9)



make a more personalized treatment decision (8). The AJCC
recommended the Prognostic Stage Groups, the Anatomic Stage
Groups, which remains the basis of the cancer staging system,
should be mainly used in regions with limited resources.

In theory, the precondition of using the Prognostic Stage
Groups is that patients with breast cancer are treated with
appropriate therapy. Especially for the HER2-enriched
subtype breast cancer, the prognosis is influenced to a large
extent by the use of trastuzumab. In this retrospective
study, patients were diagnosed and treated between 2008
and 2014. Although after August 2011, the implantation of
a charity program which supported patients to finish
trastuzumab therapy reduced economic strain and raised the
percentage of application, there remained a significant
portion of the patients that could not afford this rather
costly therapy. In our single center, the proportion of
application of trastuzumab was higher in high-risk
subgroups. This is likely due to the different compliance in
different subgroups. Results of our study support the notion
that trastuzumab could improve the prognosis of HER2-
positive patients, similarly to previous studies (9-11). Taken
together, the better prognosis of stage II than stage I may
be due to the bias caused by the use of trastuzumab.
Previous studies have shown that HER2 overexpression is
a major risk factor of recurrence in small breast cancer and
trastuzumab could improve the prognosis of small HER2-
positive breast cancer (12, 13). Our study emphasized one
more time the importance of using trastuzumab in the
HER2-enriched subtype breast cancer especially in the
early-stage subgroup. As to the patients treated with
trastuzumab, the result that there was no significant
difference between different prognostic stage groups in
DFS may be associated with insufficient number of patients
and the low event rate in this group.

In this study, prognostic stage was different from the
anatomic stage in 68.8% of patients. All patients which were
anatomic stage I and III remained prognostic stage I and III.
Among 49 patients in anatomic stage IA, 48 were upstaged
to prognostic stage IB. 26 of 74 patients (35.1%) in anatomic

stage II were upstaged to prognostic stage III. Previous
studies have shown that the prognosis of the HER2-enriched
subtype was worse than that of luminal subtypes (14-16).
These changes proved the tendency of upstaging in
prognostic stage compared with anatomic stage, which is
valuable to making a more rational treatment decision in
HER2-enriched subtype. 

In conclusion, our study, the first in evaluating a HER-2
enriched cohort of breast cancer using the AJCC 8th edition
staging system, suggests that in this molecular subtype,
upstaging is related to histological grade. The majority of
HER2-enriched subtype patients are high-grade, consistent
with the high proportion of upstaging. It is reasonable to
insist on treating HER2-enriched subtype patients with the
combination of trastuzumab and cytotoxic drugs. Our result
is a clear reminder of the necessity of precise determination
of histological grade. 
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