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Abstract: To establish a series of objective parameters to predict the risk of relapse from axillary lymph node-neg-
ative (ANN) breast cancer, and evaluate the patterns of recurrence according to molecular subtypes, we collected 
information on 2126 consecutive breast cancer patients operated between 2002 and 2006. In this case-control 
study, 212 patients experiencing recurrence or breast cancer related death were defined as ‘poor group’. Another 
212 patients were selected from the remaining cases with stratified sampling method to comprise the ‘good group’. 
Significant differences were found in vascular invasion, grade and molecular subtype between the two groups. 
Expression of ER and PR in the ‘poor group’ was lower (P < 0.05). However, positive rates of Ki67, p53 and VEGF in 
the ‘poor group’ were higher (P < 0.05). Multivariate analysis revealed that molecular subtype, expression of VEGF, 
tumor grade, and vascular invasion were closely correlated with bad outcome. Analysis of the ‘poor group’ demon-
strated that ‘HER2 positive’ and ‘triple negative’ subtypes more commonly suffered from distant metastases and 
death. No metastasis was found in patients with pure invasive papillary carcinoma, invasive cribriform carcinoma 
or adenoid cystic carcinoma, whereas the diagnoses of invasive micropapillary carcinoma, invasive apocrine carci-
noma, invasive papillary carcinoma mixed with invasive ductal carcinoma, or metaplastic carcinoma were correlated 
with distant metastasis and death. In conclusion, molecular subtype and expression of VEGF are useful markers 
for predicting prognosis of ANN breast cancer patients. ‘Luminal A-like’ subtype has better outcome than others. 
Moreover, molecular subtypes have different recurrence patterns. 
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Introduction

Approximately 65-70% of breast cancers are 
localized in the breast without involvement of 
axillary lymph nodes or other sites [1]. Although 
the prognosis of patients with axillary lymph 
node-negative (ANN) breast cancer is relatively 
good, approximately one-third of them experi-
ence disease recurrence after initial diagnosis 
[2, 3].

The choice of utilizing chemotherapy for ANN 
women is paramount. Not all the patients 
derive same degree of benefit from the same 
chemotherapy regimen. Several problems still 
exist, for example, which kind of patients needs 
more powerful adjuvant therapy to minimize 
recurrence rate? Is there any simple and effi-

cient marker in this field? Those mean searches 
for more effective and adequate prognosis eval-
uation tools. Although the Oncotype DX™ assay 
analyzing the levels of 21 genes, recurrence 
score (RS), is a potentially powerful tool for 
stratification of HR-positive patients, it is too 
expensive to use in routine clinical practice [4]. 
Developing an alternative assay which is inex-
pensive and convenient to use becomes the 
urgent need. The features in previous studies 
indicating increased risk of relapse include 
young age [5], extensive vascular invasion [6], 
presence of high grade, and overexpression of 
human epidermal growth factor receptor 2 
(HER2) [7]. Breast cancer is a collection of dis-
eases demonstrating heterogeneity at the 
molecular, histopathologic and clinical levels. 
Gene expression studies have identified molec-
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ularly distinct subtypes with prognostic implica-
tions across multiple treatment settings [8, 9]. 
These subtypes include ‘luminal A-like’, ‘luminal 
B-like (HER2 negative)’, ‘luminal B-like (HER2 
positive)’, ‘HER2 positive’ and ‘triple negative’ 
[10]. Although treatment has been shown to 
vary according to these subtypes, limited infor-
mation is available for each subtype with regard 
to patterns of disease recurrence especially in 
ANN patients. 

The p53 tumor suppressor gene has a regula-
tory function in defense against various kinds 
of cancer, including breast cancer [11]. The 
mutant type of p53 protein accumulates within 
malignant cells. Sequencing studies have 
shown strong prognostic significance of p53 
mutations in breast cancer [12, 13]. In addi-
tion, vascular endothelial growth factor (VEGF) 
and angiogenesis are important to tumor 
growth and metastasis in breast cancer [14]. 
The combination detection of p53 and VEGF 
may provide clues to predict prognosis. 

In the current case-control study, we used a 
cohort of ANN breast cancer patients from a 
single institution in China and made a detailed 
comparison between cases with good progno-
sis and those with poor prognosis to determine 
the potential indicators predicting outcome. 
Then we analyzed the recurrence pattern 
according to subtypes and recurrent patterns 
of special types of invasive breast cancer. The 
aim of the study was to find a limited number of 
objective parameters, choose a simple and 
validated method of determination and then 
use them to predict the risk of local recurrence 
or distant metastases in ANN breast cancer.

Materials and methods

Study population 

We conducted a retrospective chart review of 
ANN breast cancer patients between January 
1, 2002 and December 31, 2006 treated in the 
Tianjin Medical University Cancer Institute and 
Hospital, whose tumors were primary, invasive, 
without involvement in other sites, and were fol-
lowed up appropriately. All the patients under-
went preoperative breast mammography and 
ultrasound of the breast and abdomen, and 
X-ray or computed tomography (CT) scan of the 
thorax. The surgically removed breast lesions 

were thoroughly sampled for pathological 
examination. All the patients were diagnosed 
as invasive carcinoma based on paraffin-
embedded slices after operation by two pathol-
ogists. The pathological stage of tumor was 
assessed according to the criteria established 
by the 7th edition of the American Joint 
Committee on Cancer (AJCC) staging manual. 
Histological grade of the tumors were classified 
into I-III according to Elston and Ellis’ criterion 
[15]. Peritumoural vascular invasion was 
assessed following the recommendation by 
Rosen and Obermann [16]. During the follow-up 
time, physical examinations and radiographic 
inspections were applied every 6-12 months 
for 5 years, and then annually. Among 2126 eli-
gible ANN patients, 212 patients experienced 
local recurrence or distant metastasis or breast 
cancer related death during the follow-up inter-
val, who were defined as ‘poor group’. A 1:1 
case-control group was designed by stratified 
sampling method [17], depending on the 
patients’ age (pre-menopause and post-meno-
pause), the clinical stage and the pathologic 
types of the ‘poor group’. Another 212 patients 
were selected from the remaining cases to 
comprise the ‘good group’. We also gathered 
data on tumor grade, estrogen-receptor (ER), 
progesterone-receptor (PR), HER2 status, Ki67 
labeling index, p53, VEGF positivity, operation 
mode, treatment application, and recurrence 
status. The exclusion criteria were: male 
patients, females with previous cancer history, 
non-invasive breast cancers, bilateral tumors, 
the patients treated with neoadjuvant chemo-
therapy, and the patients lost follow-up.

Detection methods and standardization as-
sessment

Immunostaining for the localization of ER, PR, 
HER2 protein, Ki67 antigen, p53 and VEGF was 
performed on consecutive tissue sections from 
primary disease. ER and PR were categorized 
as negative (< 1%) and positive (≥ 1%), in accor-
dance with recent guidelines [18]. HER2-
positive cases were defined as immunohisto-
chemistry (IHC) score of 3+ or IHC score of 2+ 
plus fluorescent in situ hybridization with ampli-
fication ratio ≥ 2.0. Ki67 status was expressed 
in terms of percentage of positive cells, with a 
threshold of 14% of positive cells [19]. For p53, 
positive staining of fewer than 10% of the tumor 
cells was defined as negative expression and 
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staining of 10% or more of the tumor cells as 
positive expression [20]. As for VEGF, at least 
10% of cells needed to be stained to be consid-
ered positive [21]. 

Molecular subtype 
criteria 

The criteria for sub-
type classification 
were as follows 
[10]: ‘luminal A-like’ 
(ER positive and PR 
≥ 20% and HER2 
negative and Ki-67 
< 14%), ‘luminal 
B-like (HER2 nega-
tive)’ (ER positive 
and HER2 negative 
and at least one of: 
Ki-67 ≥ 14% or PR 
< 20%), ‘luminal 
B-like (HER2 posi-
tive)’ (ER and HER2 
positive, with any 
Ki67 and PR), 
‘HER2 positive’ (ER 
and PR negative 
and HER2 positive), 
and ‘triple nega-
tive’ (ER and PR 
negative and HER2 
negative). 

Statistical analysis 

The SPSS software 
(Version 17.0 for 
Windows) was used 
to carry out the sta-
tistical analyses. 
The correlation an- 
alyses between dif-
ferent prognosis 
groups and sub-
types were exam-
ined by the χ2 test. 
The multivariate an- 
alysis using a logis-
tic multiple regres-
sion model P < 
0.05 was consid-
ered statistically 
significant.

Results

Table 1. Characteristic of patients with poor and good prognosis
Characteristic Poor group % Good group % P value
All 212 212  
Age at diagnosis, years
    Mean (range) 54.0 (29-83) 54.3 (29-84) 0.762
Menopausal status
    Premenopausal 102 48.1 102 48.1
    Postmenopausal 110 51.9 110 51.9 1.0
Tumor size
    ≤ 2 cm 64 30.2 64 30.2
    2-5 cm 142 67.0 142 67.0
    > 5 cm 8 3.8 8 3.8 1.0
Histological type
    Infiltrative ductal carcinoma 189 89.2 189 89.2 
    Infiltrative lobular carcinoma 6 2.8 6 2.8 
    Other infiltrative carcinoma 17 8.0 17 8.0 1.0
Family history
    Yes 31 14.6 27 12.7
    No 181 85.4 185 87.3 0.572
Peritumoural vascular invasion
    Absent 180 84.9 200 94.3
    Present 32 15.1 12 5.7 0.001
Tumor grade
    Low 6 2.8 25 11.8
    Intermediate 159 75.0 158 74.5
    High 43 20.3 24 11.3
    Unknown 4 1.9 5 2.4 0.001
Molecular subtype
    ‘Luminal A-like’ 51 24.1 88 41.5
    ‘Luminal B-like (HER2 negative)’ 38 17.9 37 17.5
    ‘Luminal B-like (HER2 positive)’ 23 10.8 19 9.0
    ‘HER2 positive’ 33 15.6 22 10.4
    ‘Triple negative’ 67 31.6 46 21.7 0.003
Chemotherapy
    Yes 173 81.6 180 84.9
    No 39 18.4 32 15.1 0.363
Radiotherapy
    Yes 52 24.5 55 25.9
    No 160 75.5 157 74.1 0.737
Endocrine therapy 
    No. of Luminal subtype 112 144
    Yes 88 78.6 126 87.5
    No 24 11.3 18 12.5 0.063
Abbreviation: HER2, human epidermal growth factor receptor 2.

Patient cohort

212 cases (9.5%) were assembled in the ‘poor 
group’, with the median follow-up of 76.6 
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months for patients who were alive. All cases 
developed recurrence, consisting of local (con-
fined to ipsilateral breast or chest wall including 
mastectomy scars), contralateral, regional-nod-
al (including ipsilateral axillary, supraclavicular, 
and internal mammary lymph node metasta-
ses), or distant metastases (including bone, 
bone marrow, lung, liver, brain, and other 
organs). These recurrent foci were detected 
and proven through roentgenography, sonogra-
phy, computed tomography, radioisotope scan-
ning, magnetic resonance imaging, or puncture 
biopsy. 108 cases among them had died from 
the disease. For 212 patients who were defined 
as ‘good group’, median follow-up time was 
77.8 months.

Clinicopathologic features were presented in 
Table 1. Among all patients, significant differ-
ences were found in peritumoural vascular 
invasion, grade and molecular subtype between 
poor and good groups (P < 0.05). Invasion of 
peritumoural vascular vessels and poor differ-
entiation were strictly correlated with recur-
rence (P < 0.05). Distribution of molecular sub-
types in ‘poor’ and ‘good’ groups was different 

with statistical significance (P < 
0.05). ‘Luminal A-like’ subtype 
accounted for 41.5% in the ‘good 
group’, but only 24.1% in the ‘poor 
group’. There was no significant dif-
ference in age, tumor size, meno-
pausal status, histological type, or 
treatment (P > 0.05).

ER, PR, HER2, Ki67, p53 and VEGF 
detection

Expression rates of ER (50.5%) and 
PR (45.3%) in the ‘poor group’ were 
lower than that in the ‘good group’ 
(χ2 = 8.107, P < 0.05 and χ2 = 8.509, 
P < 0.05, respectively). Positive rates 
of Ki67, p53 and VEGF in the ‘poor 
group’ were 67.5%, 37.3% and 
35.8%, respectively, while in the 
‘good group’ those were 49.1%, 
24.1% and 17.5%, respectively, with 
significant difference (P < 0.05). 
However, expression of HER2 did not 
demonstrate significant difference 
(P > 0.05) (Figure 1).

Correlations among six candidates 
and clinicopathologic indicators

Figure 1. Histograms of six parameters in two groups based on differ-
ent prognosis. Black block: positive rate of ER, PR, HER2, Ki67, p53 
and VEGF in patients with ‘good group’; white block: positive rate of n 
ER, PR, HER2, Ki67, p53 and VEGF in patients with ‘poor group’. There 
is statistically significant difference in five indicators expression within 
the groups (P < 0.05).

Table 2. Correlation of six parameters with clinicopathologic 
factors in two groups 
Factors ER PR HER2 Ki67 p53 VEGF
Age ** * - * - -
Tumour size * * - - - *

Tumour grade * * * * * **

Peritumoural vascular invasion - - * * * **

Molecular subtype n/a n/a n/a ** - *

**P < 0.001, *P < 0.05; -, no correlation; n/a, not applicable.

Expression of ER or PR was associated with 
three following indicators as age, tumor size, 
and tumor grade significantly (P < 0.05). In 
addition, expression of HER2, Ki67, p53 or 
VEGF was associated closely with one or more 
of these indicators, respectively (P < 0.05). The 
details were shown in Table 2.

Multiple factor analysis by logistic multiple re-
gression analysis 

Univariate analysis showed that protein expres-
sion of five indicators was associated with dif-
ferent prognosis respectively (P < 0.05). 
Besides, clinicopathologic indicators such as 
tumor grade, peritumoural vascular invasion 
and molecular subtypes were correlated with 
recurrence or death (P < 0.05). In order to study 
further their mutual interaction, and to select 
more effective potential predicting markers, 
these indicators were analyzed with a multivari-
ate logistic regression model. In analytical pro-
cess, the interconnected factors were avoided 
to be calculated simultaneously (such as ER, 
PR and Ki67). Results of the multivariate analy-
sis revealed that ‘HER2 positive’ and ‘triple 
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negative’ subtypes were demonstrated to be 
independent risk factors for relapse. The prob-
ability of recurrent risk for ‘HER2 positive’ vs. 
‘luminal A-like’ was 1.956 (95% CI: 1.004-
3.846, P = 0.049) and for ‘triple negative’ vs. 
‘luminal A-like’ was 2.304 (95% CI: 1.342-
3.955, P = 0.002). Besides, patients with vas-
cular invasion (P = 0.023), poor differentiation 
(intermediate vs. low, P = 0.002; high vs. low, P 
= 0.001), and high expression of VEGF (P = 
0.040) were useful markers predicting progno-
sis (Table 3). 

Effect of breast cancer subtype on recurrence 

To explore the difference in rates of relapse 
and death caused by molecular subtype, an 

analysis, presented in Table 4, was undertaken 
among patients in ‘poor group’. High rates of 
distant metastases were demonstrated among 
‘HER2 positive’ (75.8%), ‘triple negative’ 
(71.6%), and ‘luminal B-like (HER2 positive)’ 
(65.2%) subtypes, whereas were less frequent-
ly seen in ‘luminal A-like’ (49.0%) and ‘luminal 
B-like (HER2 negative)’ (55.3%, P =0.044) sub-
types. In addition, death rates were higher in 
‘triple negative’ (62.7%) and ‘HER2 positive’ 
(57.6%), in contrast with ‘luminal A-like’ (31.4%) 
and ‘luminal B-like (HER2 positive)’ (43.5%, P = 
0.005) subtypes. There was no significant dif-
ference among subtypes in rates of contralat-
eral breast cancer, local and regional-nodal 
recurrence (P > 0.05). 

Table 3. Logistic multiple regression analysis comparing two groups

Factors β SE Sig (P) Expβ
95% CI

Lower Lower
Peritumoural vascular invasion
    Invasion vs no invasion 0.865 0.381  0.023 2.376 1.125 5.015
Tumor grade
    Intermediate vs low 1.507 0.486 0.002 4.513 1.742 11.691
    High vs Low 1.737 0.542 0.001 5.682 1.964 16.434
P53
    P53+ vs. p53- 0.225 0.258 0.383 1.252 0.756 2.074
VEGF
    VEGF+ vs VEGF- 0.572 0.279 0.040 1.772 1.026 3.060
Molecular subtype   
    ‘Luminal B-like (HER2 negative)’ vs. ‘luminal A-like’ 0.444 0.305 0.145 1.559 0.858 2.835
    ‘Luminal B-like (HER2 positive)’ vs. ‘luminal A-like’ 0.555 0.371 0.134 1.742 0.842 3.605
    ‘HER2 positive’ vs. ‘luminal A-like’ 0.675 0.343 0.049 1.965 1.004 3.846
    ‘Triple negative’ vs. ‘luminal A-like’ 0.835 0.276 0.002 2.304 1.342 3.955
Abbreviations: β, regression coefficient; SE, standard error; Sig (P), probability value; 95% CI, confidence interval.

Table 4. Frequency of recurrence and death among patients with poor prognosis

Molecular subtypes Patients 
NO.

CLBC Loco-re-
lapse

Regional 
nodal

Distant
metastases DFBC

NO. % NO. % NO. % NO. % NO. %
‘Luminal A-like’ 51 11 21.6 10 19.6 7 13.7 25 49.0 16 31.4
‘Luminal B-like (HER2 negative)’ 38 6 15.8 6 15.8 5 13.2 21 55.3 21 55.3
‘Luminal B-like (HER2 positive)’ 23 5 21.7 6 26.1 6 26.1 15 65.2 10 43.5
‘HER2 positive’ 33 4 12.1 7 21.2 6 18.2 25 75.8 19 57.6
‘Triple negative’ 67 11 16.4 10 14.9 7 10.4 48 71.6 42 62.7
Total 212 P value P value P value P value P value

0.797 0.765 0.435 0.044 0.005
Abbreviations: HER2, human epidermal growth factor receptor 2, CLBC, contralateral breast cancer; DFBC, death from breast 
cancer. Note: Recurrence may occur in one or more of the sites listed. Individual patients may be counted more than once.
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Recurrent patterns of special types of invasive 
breast cancer 

Among the cases in ‘poor group’, seventeen 
patients were diagnosed as special types of 

invasive breast cancer including invasive micro-
papillary carcinoma (IMPC) (Figure 2A), inva-
sive apocrine carcinoma (IAC) (Figure 2B), inva-
sive papillary carcinoma (IPC) (Figure 2C), inva-
sive cribriform carcinoma (ICC) (Figure 2D), gly-

Figure 2. A: Invasive micropapillary carcinoma of the breast. HE staining; magnification ×400. B: Apocrine carci-
noma of the breast. HE staining; magnification ×400. C: Invasive papillary carcinoma of the breast. HE staining; 
magnification ×200. D: Invasive cribriform carcinoma of the breast. HE staining; magnification ×200. E: Glycogen-
rich clear cell carcinoma of the breast. HE staining; magnification ×200. F: Mucoid carcinoma of the breast. HE 
staining; magnification ×100.
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cogen-rich clear cell carcinoma (GRCC) (Figure 
2E), mucoid carcinoma (MC) (Figure 2F), MBC 
(metaplastic breast cancer), adenoid cystic car-
cinoma (ACC) and carcinosarcoma. Among 
patients who developed distant metastasis 
and death, one was diagnosed as IMPC+IDC, 
one was IAC, one was IPC+IDC, and one was 
MBC. No metastasis was found in patients who 
were diagnosed as pure IPC, ICC or ACC (Table 
5). 

Discussion 

Up to now, there was relatively few study per-
formed to pick out patients with poor prognosis 
from a large cohort of ANN breast cancer 
patients to do a case-control study. In this 
study, we analyzed the distinctions, including 
clinicopathologic characteristics and molecular 
subtypes, between two groups of patients with 
ANN breast cancer of different prognosis in 
China, investigating the clinical benefits provid-
ed by these candidate factors, choosing a sim-
ple and validated method of predicting the risk 
of recurrence. An IHC profile, based on the 
degree of expression of ER, PR, HER2, and 
Ki67 was used to identify subgroups of breast 
cancer patients with different outcomes [22, 
23]. P53 and VEGF were also evaluated to vali-
date the ability to distinguish prognosis.

In our study, lymphovascular invasion were con-
sidered to elevate risk, which was similar with 
Abi-Raad’s report, which showed that lympho-
vascular invasion was associated with 
increased risk of loco-regional recurrences on 
multivariate analysis (P = 0.002) [24]. Moreover, 
tumor grade of the ‘good group’ mostly 
appeared low while the ‘poor group’ showed 
intermediate and high grade. Likewise, in an 
analysis [25], factor as low-grade was signifi-
cantly associated with lower recurrence free 
survival (HR 1.74, 95% CI 1.14-2.66, P = 0.01).

Our study also found that the prognosis was 
optimistic with ‘luminal A-like’ subtype. In this 
study, ‘luminal A-like’ tumors occupied the high-
est percentage (41.5%) among ‘good’ outcome 
patients. On the contrary, this subtype had fall-
en by half for ‘poor’ patients (24.1%). We con-
firm here that the ‘luminal A-like’ phenotype is 
an excellent marker of prognosis. Similarly, sub-
types of ‘luminal B-like (HER2 positive)’, ‘HER2 
positive’ and ‘triple negative’ were more com-
mon in patients who experienced relapse or 
death. These results were consistent with that 
of Hage et al’s study [26]. Similarly, Theriault et 
al evaluated the risk of recurrence in 1012 
small size ANN breast cancer patients by differ-
ent tumor subtypes. He reported that patients 
with ‘HER2 positive’ breast cancer had  4.98 
(95% CI, 2.91-8.53) times risk of relapse com-

Table 5. Outcomes of special types of invasive breast cancer who developed recurrence
Patient
no.

Type of infiltrative  
carcinoma

Adjuvant  
chemotherapy

First site(s) of  
recurrence

Time to recurrence
(months)

Following site(s) of 
recurrence

Time to DFBC
(months)

1 IMPC CMF CLBC 14 No No

2 IMPC+IDC CMF Regional-nodal 33 Lung 74

3 IAC CAF Regional-nodal 42 No No

4 IAC CMF Bone 46 Liver, regional-nodal 68

5 IPC 0 CLBC+regional-nodal 30 No No

6 IPC CMF CLBC 22 No No

7 IPC CMF Regional-nodal 46 No No

8 IPC 0 Loco-relapse 30 No No

9 IPC+IDC CMF Lung 24 Liver, bone 50

10 ICC 0 CLBC 42 NO No

11 GRCC CMF Unknown Unknown Unknown 80

12 MC CMF Bone 50 No No

13 MC+IDC CMF Lung 54 No No

14 MC CMF Loco-relapse 45 No No

15 MBC CAF Lung 34 Brain 40

16 ACC CMF Loco-relapse+regional-nodal 46 No No

17 carcinosarcoma CAF Lung 35 No No
Abbreviations: IMPC, Invasive micropapillary carcinoma; IDC, invasive ductal carcinoma; IAC, Invasive apocrine carcinoma; IPC, Invasive papillary carcinoma; ICC, Invasive 
cribriform carcinoma; GRCC, Glycogen-rich clear cell carcinoma; MC, Mucoid carcinoma; MBC, Metaplastic breast cancer; ACC, adenoid cystic carcinoma; CMF, cyclophos-
phamide, methotrexate and fluorouracil; CAF, cyclophosphamide, doxorubicin and fluorouracil; CLBC, contralateral breast cancer; DFBC, death from breast cancer.
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pared to patients with HR-positive diseases [5]. 
Wong et al’s research on 541 patients found 
that the combination of HR and HER2 status 
could be used as surrogates for gene defined 
molecular subtypes in Asian breast cancer 
patients with ANN diseases to predict progno-
sis [27]. Likewise, the study on 136 ‘triple neg-
ative’ breast cancer and 529 non-‘triple nega-
tive’ ANN breast cancer patients showed that, 
the relapse rates were 14.7% for the former 
group and 6.6% for the latter (P = 0.004), and 
4-year recurrent free survival was significantly 
shorter among patients with ‘triple negative’ 
subtype compared with those with non-‘triple 
negative’ diseases (85.5% vs. 94.2%, respec-
tively; P = 0.001) [28]. It could be concluded 
that the ‘HER2 positive’ and ‘triple negative’ 
subtypes had more aggressive clinical charac-
teristics in ANN breast cancer patients. 

Other markers which were found to have the 
ability of prediction of prognosis were Ki67, 
p53and VEGF, which were known to behave 
aggressively [29]. In the univariate analysis in 
our study, significant expression of Ki67, p53 
and VEGF were observed correlated with poor 
survival. Ki67 expression is the most common 
criterion of proliferative index. Studies have 
shown a strong, statistically significant correla-
tion between Ki67 and clinical outcomes in 
breast cancer [30, 31]. In E. Munzone’s study, 
5-year cumulative incidence of breast cancer 
related death were 2.3% and 9.0% in Ki67 low 
(≤ 35%) group and Ki67 high (> 35%) group, 
respectively, with an adjusted HR of 2.5 (95% 
CI, 1.0-6.0, P = 0.046) [32]. Studies have con-
firmed that p53 mutations were associated 
with worse overall and disease-free survival in 
breast cancer cases. In a comprehensive meta-
analysis of 16 studies including over 3,500 
patients, the relative hazard of dying of breast 
cancer for unselected patients with a p53 
mutation in their tumor was 2.0 (95% CI, 1.7-
2.5) [33]. VEGF and angiogenesis are important 
to tumor growth and metastasis across a range 
of solid tumor types [34]. VEGF has been impli-
cated as a key mediator of angiogenesis in 
breast cancer [35]. In Linderholm et al’s study 
of 219 patients with  ANN breast cancer 
patients, significantly shorter distant disease 
free survival was observed in patients with high 
VEGF (P = 0.006) [36].

In the multivariate analysis in our study, VEGF, 
‘HER2 positive’ and ‘triple negative’ subtypes 

were high-risk factors in the ‘poor group’, as 
well as clinical indicators including peritumoural 
vascular invasion and grade. Their combined 
use will improve screening and treatment for 
high-risk cases of ANN breast cancer. It should 
be pointed out that, molecular subtype of 
breast cancer is classified on the basis of ER, 
PR, HER2 and Ki67, so these indicators were 
not included in the multivariate analysis to 
reduce adverse interference. P53 did not pres-
ent statistical significance in the multivariate 
analysis, may be due to some factors covering 
and concealing the function of others as a 
result of a complex relationship. 

In addition, this study demonstrated that breast 
cancer subtypes were associated with unique 
patterns of relapse. Patients with ‘triple nega-
tive’ subtype were likely to suffer from distant 
metastasis, while ‘HER2 positive’ subtype had 
significantly more distant metastasis and local 
recurrence rates. The results was consisted 
with Lin’s study that visceral relapse was more 
frequently to occur in ‘triple negative’ and 
‘HER2 positive’ patients in Chinese breast can-
cer patients [37]. According to Rodriguez-
Pinilla’s reports, a higher percentage of local 
recurrence and visceral metastasis arose in 
‘triple negative’ tumors with ANN breast can-
cer, which was somewhat partial similarity with 
our analysis [38]. 

In the last part of our study, special types of 
invasive breast cancer which developed recur-
rence were analyzed with regard to the adju-
vant chemotherapy type, recurrence time and 
recurrence sites. IMPC has been described as 
a poorly recognized aggressive. Pettinato et al. 
reported that 49% of patients with IMPC died of 
distant metastasis at a mean of 5.2 years 
(range, 1-10.5 years) after initial diagnosis [39]. 
In our study, there were two patients with IMPC 
experiencing recurrence and one of them died 
from the disease, demonstrating a poor prog-
nosis. One patient presenting with mixture of 
IPC and IDC developed distant metastasis and 
died, while the other 4 patients with pure IPC 
did not. This probably potentially indicated that 
the mortality of pure IPC was exceptionally low, 
might due to less biologically aggressive than 
other forms of cancer [40]. Even though MC 
was less likely to spread to lymph nodes than 
other types of breast cancer, and tended to be 
a less aggressive type, there were 2 patients 
with MC experiencing distant metastasis in our 
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study. Luckily both of them were still alive prob-
ably because MC progressed less rapidly than 
other types. MBC was a highly heterogeneous 
group of tumors that were characterized by an 
admixture of adenocarcinoma and dominant 
areas of spindle cells, with squamous and/or 
mesenchymal differentiation. MBC could easily 
spread to lymph nodes and other areas of the 
body, especially the lungs. In our study, the 
MBC patient’s first metastasis site was lung, 
subsequently developing to brain, and then 
died in a few months. The result might indicate 
that MBC was aggressive carcinoma predicting 
poor prognosis.

A limitation of this part is that conventional 
imaging would not necessarily detect all meta-
static disease, with subclinical metastases 
being missed. In addition, local recurrence may 
be ignored when serious distant metastasis 
happened. However, this bias would be present 
for all breast cancer subtypes and would not 
affect the results we reported. 

In conclusion, this study highlights the need for 
better and simple predictive tools in treating 
ANN breast cancer patients who are at high risk 
of relapse. Utilizing various simple independent 
indicators, including vascular invasion, grade, 
expression of VEGF, and molecular subtype, the 
risk of recurrence could be predicted to guide 
individualized therapeutic regimen. In addition, 
defining the pattern of breast cancer recur-
rence can provide useful information for guid-
ing the development of surveillance recommen-
dations and for designing future therapeutic 
approaches.
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