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Background: Several studies have indicated possible associations between age and the prognosis of 
breast cancer (BC), but limited data are available from hospital-based multicenter studies in China. This 
study aimed to explore the associations between age at initial diagnosis of BC and the risk of recurrence 
or metastasis among Chinese women with newly diagnosed advanced breast cancer (ABC) and provide 
treatment decision support for BC patients of different ages to medical workers.
Methods: The medical records of patients newly diagnosed with ABC were obtained from 21 hospitals in 
seven geographic regions in China from 2012 to 2014. Patients’ general information, clinicopathological 
features at first diagnosis, treatment information, and prognosis were retrospectively collected based on the 
self-designed case report form (CRF). Cox proportional hazards regression models were used to determine 
hazard ratios (HR) and 95% confidence intervals (CI) for the associations between age groups and the risk of 

12

https://crossmark.crossref.org/dialog/?doi=10.21037/atm-22-302


Yang et al. Age and prognosis of BC Page 2 of 12

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(15):813 | https://dx.doi.org/10.21037/atm-22-302

Introduction

Breast cancer (BC) is the most common cancer and the 
leading cause of cancer-related death among females. 
According to Global Cancer Statistics 2020, about  
2.3 million new female BC cases were diagnosed, accounting 
for almost 1 in 4 of all cancer cases among women (1). In 
2015, it was estimated that BC accounted for 15% of new 
cancer cases and 7% of deaths of females due to cancer in 
China (2). Previous studies have reported the effect of age 
on clinicopathological characteristics of BC (3). According 
to female BC statistics from 2017, in the United States, the 
median age at diagnosis of BC for white and black women 
was 63 and 59 years, respectively (4). In contrast, the mean 
age at diagnosis in China was 45–55 years, considerably 
lower than that of Western women. In addition, studies 
indicate that there are differences in the clinicopathological 
characteristics, diagnosis, treatment patterns, and prognosis 
of BC among patients of different ages (5-8). Therefore, 
confirming the age distribution is crucial in guiding the 
treatment and prevention of BC. In most available studies, 
participants have generally been grouped by matching their 

age, which was usually adjusted during the data analysis. 
However, such studies cannot show the full effect of age on 
the development of BC.

Adjuvant systemic therapy, including chemotherapy, 
radiotherapy, and endocrine therapy, is a popular BC 
treatment (9). However, recurrence or metastasis occurs in 
about 30% of patients with early BC after receiving adjuvant 
therapy. This means that the proportion of advanced breast 
cancer (ABC) in China will rise in the next few years, 
and the burden of BC will be compounded (10). Among 
the early-stage patients with BC, 30–40% will ultimately 
develop ABC. Patients with ABC have a 5-year survival 
rate of approximately 20%, and the overall median survival 
time is 2 to 3 years (11). In terms of treatment options and 
efficacy, ABC differs from other BC stages. Reports show 
that patients with ABC can experience severe financial and 
psychological stress. However, previous studies have lacked 
high-quality evidence from hospital-based clinical research. 
Treatment of ABC still has limitations. China’s population-
based cancer registration system continues to improve, 
providing a basis for cancer prevention and treatment 

recurrence and metastasis.
Results: A total of 1,852 cases were included in the final analysis. Age at initial diagnosis was shown to 
be significantly related to hormone receptor status, human epidermal growth factor receptor 2 (HER2) 
status, molecular subtypes, and the number of lymph node metastasis (all P<0.05). Patients aged <35 years 
were more likely to have bone metastasis (45.6%). Patients aged ≥65 years had a lower percentage of 
receiving surgery (87.1%), adjuvant chemotherapy (61.3%), adjuvant radiotherapy (35.5%), and adjuvant 
endocrine therapy (30.6%) than the other groups (all P<0.05). Compared with patients aged <35 years, the 
risk of recurrence or metastasis in those aged 55–64 years was significantly higher (HRage 55–64 =1.24, 95% 
CI: 1.04–1.47), and the risk of bone metastasis and lung metastasis in those aged 35–44 years was lower  
(HRbone metastasis =0.74, 95% CI: 0.59–0.93; HRlung metastasis =0.70, 95% CI: 0.53–0.93). After adjusting for 
stage, grade, and molecular subtype, surgery, neoadjuvant chemotherapy, adjuvant chemotherapy, adjuvant 
radiotherapy, adjuvant endocrine therapy, and family history of BC, patients aged 35–44 years still had a 
significantly reduced risk of bone metastasis and lung metastasis by 31% and 52%, respectively (HRbone metastasis 
=0.69, 95% CI: 0.48–0.98; HRlung metastasis =0.48, 95% CI: 0.31–0.74).
Conclusions: Age at initial diagnosis is related to the clinicopathological characteristics and treatment 
pattern. Although the risk of site-specific metastasis varies by age, age is not an independent factor 
influencing the risk of total recurrence and metastasis. In accordance with current clinical practice guidelines 
for BC, however, precise treatment shall be chosen personally for patients whose ages at initial diagnosis are 
different.
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policies. However, population-based cancer registration 
data lacks information on clinical characteristics, diagnostic 
methods, treatment options, and prognosis of the disease, 
making it difficult to provide a reference for ABC treatment 
guidelines. Recently, hospital-based multicenter clinical 
epidemiological investigations have commenced (12,13). 
These studies have focused on clinical characteristics, 
diagnosis, and treatment characteristics, which could 
compensate for the disadvantages of population-based 
cancer registration data. The hospital-based multicenter 
clinical epidemiological study presented in this article 
recruited Chinese women newly diagnosed with ABC 
and retrospectively collected their previous information 
from medical records. This study aimed to explore the 
effects of age at initial diagnosis on the clinicopathological 
characteristics, treatment pattern, and prognosis of BC. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-302/rc).

Methods

Study design

This study was a hospital-based multicenter retrospective 
epidemiological study. According to the traditional 
administrative district definition, China was stratified into 
seven geographical regions: Central China, North China, 
Northeast China, Northwest China, East China, South 
China, and Southwest China. Three tertiary hospitals were 
selected in each of the seven geographic regions. Therefore, 
a total of 21 hospitals were selected for our study, 
representing different levels of disease burden and treatment 
of BC in most areas of China. All the hospitals were 
required to enroll ABC patients randomly from January 
2012 to December 2014. Patients’ general information, 
clinicopathological features, treatment information, and 
prognosis were retrospectively collected based on the 
designed case report form (CRF). The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). It was approved by the institutional review board 
of Cancer Hospital, Chinese Academy of Medical Sciences 
(CHCAMS) (No. 15-115/1042) and individual consent for 
this retrospective analysis was waived.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (I) female BC patients 

newly diagnosed as stage IV or with local recurrence or 
distant metastasis; (II) admitted to the selected hospitals 
from 1 January 2012 to 31 December 2014; and (III) 
complete information of previous history, diagnosis, and 
treatment history, including surgical pathology results, 
time, and location of metastasis, detailed therapeutic 
methods, and protocols after metastasis. Participants who 
were repeatedly enrolled or with more than 50% missing of 
their clinicopathological information were excluded. Since 
we aimed to explore the associations between age at initial 
diagnosis and risk of recurrence or metastasis, patients with 
stage IV were also excluded from the study.

Data collection and quality control

To avoid selection bias, the number of cases enrolled in each 
hospital was determined according to the population density 
in the region. An enrolment scheme was adopted using 
alternating prespecified months of inpatient admission from 
2012 to 2014. All the hospitals were given random month 
numbers to enroll patients. Since January and February 
each year usually include the Chinese traditional spring 
festival holiday, these two months were excluded. If the 
number of qualifying cases collected in the selected month 
was less than the specified number, the cases from the next 
month were immediately included until enough cases were 
collected. 

The original case information was obtained from the 
medical record room of each hospital. The following 
information was retrospectively collected for all enrolled 
patients: (I) general information, including name, ID 
number, date of initial diagnosis with BC, inpatient 
admission date, inpatient discharge date, and diagnosis 
at discharge; (II) demographic characteristics and BC 
risk factors, including age at initial diagnosis, nationality, 
occupation, height, weight, education level and marital 
status; (III) clinical and imaging diagnostic information 
when firstly diagnosed with BC; (IV) molecular subtypes; 
(V) surgical and adjuvant therapy information; and (VI) 
recurrence and metastasis information including distant 
metastasis sites, disease-free interval (DFI), endocrine 
therapy, targeted therapy, and chemotherapy after 
metastasis. Staging of BC was performed according to the 
2003 Union for International Cancer Control tumor-node-
metastasis (UICC TNM) staging system, and the histology 
classification referred to the World Health Organization 
(WHO) Classification of Tumors of the Breast. Molecular 
subtypes were identified according to the St. Gallen 

https://atm.amegroups.com/article/view/10.21037/atm-22-302/rc
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Guidelines, 2013 (14). (I) Luminal A: estrogen receptor 
(ER)+, progestogen receptor (PR)+, human epidermal 
growth factor receptor 2 (HER2)−, and Ki-67 <14%; (II) 
luminal B: (i) ER+, HER2−, and at least one of Ki-67 
>14%, PR−, or low expression, and low recurrence risk 
based on polygene expression analysis (if applicable); (ii) 
ER+, HER2+, any Ki-67 and any PR; (III) HER2-enriched: 
ER−, PR− and HER2+; and (IV) triple-negative: ER−, 
PR−, and HER2−. DFI was defined as the time from the 
first diagnosis of BC by surgery or puncture to recurrence 
or metastasis, whichever was the earliest. Recurrence and 
distant metastasis were diagnosed by clinical evaluations, 
including imaging studies or biopsy. Distant metastasis 
was defined as metastasis of BC that developed beyond 
the ipsilateral or contralateral breast, chest wall, or 
regional lymph node, including the ipsilateral axillary, 
supraclavicular, or internal mammary lymph node. Four 
main sites of distant metastasis were identified in our study: 
bone metastasis, liver metastasis, lung metastasis, and brain 
metastasis. 

All the above information was extracted from medical 
charts to the CRF by local staff after training. The CRF 
was designed by the experts from the CHCAMS. Epidata 
was used for the double-entry of data. All databases were 
checked for consistency and sent to CHCAMS for a logical 
check. A total of 5% of the CRF were randomly selected for 
quality control review.

Statistical analysis

Participants were divided into five groups according to 
their age at diagnosis of BC: <35, 35–44, 45–54, 55–64, and 
≥65 years. The chi-square (χ2) test were used to evaluate 
differences in categorical variables between the different 
age groups. Kaplan-Meier analysis was used for cumulative 
disease-free survival rates with a log-rank test to assess the 
significance among different age groups. Cox proportional 
hazards regression models were used to determine hazard 
ratios (HR) and 95% confidence intervals (CI) for the 
associations between age groups and the risk of recurrence 
and metastasis. Potential confounders were stage, grade, 
molecular subtypes, surgery, neoadjuvant chemotherapy, 
adjuvant chemotherapy, adjuvant radiotherapy, adjuvant 
endocrine therapy, and family history of BC. In the 
comparisons, the group aged <35 years was set as the 
referral group. Subgroup analyses were also conducted 
according to the metastatic site. All statistical analyses were 
performed using SPSS software version 23.0 (IBM Corp., 

Armonk, NY, USA), and a P value <0.05 was considered 
statistically significant.

Results

Demographic characteristics at initial diagnosis

Data from 1,852 Chinese women with ABC were available 
for the final analysis (Figure S1). Age at initial diagnosis 
ranged from 21 to 89 years, with a mean age ± standard 
deviation (SD) of 46.0±9.9 years. Of the total, 228 (12.3%) 
patients were aged <35 years at initial diagnosis, 628 
(33.9%) were aged 35–44 years, 616 (33.3%) were aged  
45–54 years, 318 (17.2%) patients were aged 55–64 years 
old, and 62 (3.3%) patients were aged ≥65 years old. Among 
these five age groups, the distribution of body mass index 
(BMI) (χ2=55.184; P<0.01) and the number of live births 
(χ2=231.272; P<0.01) were significantly different. The 
baseline demographic characteristics at initial diagnosis are 
shown in Table S1. 

Clinicopathological characteristics at initial diagnosis

The clinicopathological characteristics at initial diagnosis 
of patients of different ages are shown in Table 1. A total 
of 1,433 patients were diagnosed with invasive ductal 
carcinoma, accounting for 77.4% of the total cases. The 
distribution of hormone receptor status, HER2 status, the 
number of lymph node metastasis, and molecular subtypes 
differed significantly between age groups (all P<0.05). Some 
37.4% (119/318) of patients aged 55–64 years were positive 
for HER2 (χ2=12.510; P<0.05) and 59.6% (136/228) of 
those aged <35 years were positive for hormone receptor 
(χ2=24.608; P<0.01). Lymph node metastasis was not present 
in 41.9% of patients aged ≥65 years. The most common 
subtype in all patients was luminal B, and the proportion 
of HER2-enriched subtype (18/62, 29.0%) in patients aged 
≥65 was significantly higher than that of the other age 
groups (χ2=33.613; P<0.01).

Treatment before developing recurrence and metastasis

There were significant differences in the types of treatment 
among patients of different ages. Patients aged ≥65 years 
had lower percentages of receiving surgery (87.1%), 
adjuvant chemotherapy (61.3%), and endocrine therapy 
(30.6%) than those of the other age groups (all P<0.05; 
Table 2).

https://cdn.amegroups.cn/static/public/ATM-22-302-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-22-302-Supplementary.pdf
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Table 1 Clinicopathological features at initial diagnosis of BC among patients of different age groups

Clinicopathological features 
at initial diagnosis

Age at initial diagnosis
Total χ2 P value

<35 years 35–44 years 45–54 years 55–64 years ≥65 years

ER status 17.952 <0.01

+ 124 (54.4%) 337 (53.7%) 277 (45.0%) 165 (51.9%) 26 (41.9%) 929 (50.2%) 

− 70 (30.7%) 197 (31.4%) 255 (41.4%) 121 (38.1%) 27 (43.5%) 670 (36.2%) 

Unknown 34 (14.9%) 94 (15.0%) 84 (13.6%) 32 (10.1%) 9 (14.5%) 253 (13.7%) 

PR status 41.932 <0.01

+ 120 (52.6%) 325 (51.8%) 254 (41.2%) 129 (40.6%) 21 (33.9%) 849 (45.8%) 

− 73 (32.0%) 203 (32.3%) 279 (45.3%) 164 (51.6%) 33 (53.2%) 752 (40.6%) 

Unknown 35 (15.4%) 100 (15.9%) 83 (13.5%) 25 (7.9%) 8 (12.9%) 251 (13.6%) 

Hormone receptor status 24.608 <0.01

+ 136 (59.6%) 369 (58.8%) 308 (50.0%) 176 (55.3%) 26 (41.9%) 1,015 (54.8%) 

− 58 (25.4%) 161 (25.6%) 224 (36.4%) 109 (34.3%) 27 (43.5%) 579 (31.3%) 

Unknown 34 (14.9%) 98 (15.6%) 84 (13.6%) 33 (10.4%) 9 (14.5%) 258 (13.9%) 

HER2 status 12.510 <0.05

+ 77 (33.8%) 170 (27.1%) 213 (34.6%) 119 (37.4%) 16 (25.8%) 595 (32.1%) 

− 107 (46.9%) 335 (53.3%) 298 (48.4%) 145 (45.6%) 30 (48.4%) 915 (49.4%) 

Unknown 44 (19.3%) 123 (19.6%) 105 (17.0%) 54 (17.0%) 16 (25.8%) 342 (18.5%) 

Stage at initial diagnosis 12.845 0.12

I 23 (10.1%) 74 (11.8%) 53 (8.6%) 35 (11.0%) 5 (8.1%) 190 (10.3%) 

II 103 (45.2%) 253 (40.3%) 244 (39.6%) 115 (36.2%) 18 (29.0%) 733 (39.6%) 

III 102 (44.7%) 301 (47.9%) 319 (51.8%) 168 (52.8%) 39 (62.9%) 929 (50.2%) 

Metastatic lymph nodes 36.780 <0.01

0 91 (39.9%) 205 (32.6%) 221 (35.9%) 110 (34.6%) 26 (41.9%) 653 (35.3%) 

1–2 44 (19.3%) 121 (19.3%) 89 (14.4%) 43 (13.5%) 6 (9.7%) 303 (16.4%) 

3–8 55 (24.1%) 172 (27.4%) 152 (24.7%) 61 (19.2%) 16 (25.8%) 456 (24.6%) 

≥9 38 (16.7%) 130 (20.7%) 154 (25.0%) 104 (32.7%) 14 (22.6%) 440 (23.8%) 

Pathological type 13.832 0.312

Carcinoma in situ 6 (2.6%) 22 (3.5%) 16 (2.6%) 9 (2.8%) 1 (1.6%) 54 (2.9%) 

Invasive ductal carcinoma 180 (78.9%) 484 (77.1%) 476 (77.3%) 238 (74.8%) 55 (88.7%) 1,433 (77.4%) 

Others invasive 22 (9.6%) 58 (9.2%) 50 (8.1%) 40 (12.6%) 2 (3.2%) 172 (9.3%) 

Others 17 (7.5%) 48 (7.6%) 57 (9.3%) 21 (6.6%) 2 (3.2%) 145 (7.8%) 

Unknown 3 (1.3%) 16 (2.5%) 17 (2.8%) 10 (3.1%) 2 (3.2%) 48 (2.6%) 

Grade 7.284 0.51

G1 4 (1.8%) 6 (1.0%) 10 (1.6%) 10 (3.1%) 0 (0.0%) 30 (1.6%) 

G2 80 (35.1%) 205 (32.6%) 191 (31.0%) 113 (35.5%) 22 (35.5%) 611 (33.0%) 

G3 45 (19.7%) 108 (17.2%) 121 (19.6%) 65 (20.4%) 14 (22.6%) 353 (19.1%) 

Unknown 99 (43.4%) 309 (49.2%) 294 (47.7%) 130 (40.9%) 26 (41.9%) 858 (46.3%) 

Table 1 (continued)



Yang et al. Age and prognosis of BC Page 6 of 12

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(15):813 | https://dx.doi.org/10.21037/atm-22-302

Table 1 (continued)

Clinicopathological features 
at initial diagnosis

Age at initial diagnosis
Total χ2 P value

<35 years 35–44 years 45–54 years 55–64 years ≥65 years

Molecular subtypes by post-
operative pathology

33.613 <0.01

Luminal A 30 (13.2%) 84 (13.4%) 60 (9.7%) 25 (7.9%) 7 (11.3%) 206 (11.1%) 

Luminal B 80 (35.1%) 172 (27.4%) 179 (29.1%) 100 (31.4%) 10 (16.1%) 541 (29.2%) 

HER2-enriched 32 (14.0%) 88 (14.0%) 101 (16.4%) 47 (14.8%) 18 (29.0%) 286 (15.4%) 

Triple negative 34 (14.9%) 76 (12.1%) 113 (18.3%) 66 (20.8%) 9 (14.5%) 298 (16.1%) 

Unknown 52 (22.8%) 208 (33.1%) 163 (26.5%) 80 (25.2%) 18 (29.0%) 521 (28.1%) 

ER/PR positive was defined as >1% of tumor cell nuclei staining positively with any intensity. Hormone receptor status positive was 
defined as ER positive or PR positive. HER2 positive was defined as HER2 membrane staining scored 3+ by immunohistochemistry or 
amplification by fluorescence in situ hybridization. BC, breast cancer; ER, estrogen receptor; PR, progestogen receptor; HER2, human 
epidermal growth factor receptor 2. 

Table 2 Treatment before developing recurrence and metastasis among patients of different age groups

Treatment
Age at initial diagnosis

Total χ2 P value
<35 years 35–44 years 45–54 years 55–64 years ≥65 years

Surgery 27.354 <0.01

No 7 (3.1%) 15 (2.4%) 19 (3.1%) 17 (5.3%) 8 (12.9%) 66 (3.6%) 

Conservative surgery 186 (81.6%) 525 (83.6%) 533 (86.5%) 266 (83.6%) 49 (79.0%) 1,559 (84.2%) 

Total mastectomy 31 (13.6%) 85 (13.5%) 62 (10.1%) 31 (9.7%) 5 (8.1%) 214 (11.6%) 

Neoadjuvant chemotherapy 1.799 0.77

No 170 (74.6%) 465 (74.0%) 442 (71.8%) 233 (73.3%) 48 (77.4%) 1,358 (73.3%) 

Yes 53 (23.2%) 154 (24.5%) 160 (26.0%) 76 (23.9%) 12 (19.4%) 455 (24.6%) 

Adjuvant chemotherapy 58.554 <0.01

No 15 (6.6%) 65 (10.4%) 60 (9.7%) 53 (16.7%) 24 (38.7%) 217 (11.7%) 

Yes 208 (91.2%) 551 (87.7%) 539 (87.5%) 260 (81.8%) 38 (61.3%) 1,596 (86.2%) 

Adjuvant radiotherapy 9.469 0.05

No 107 (46.9%) 320 (51.0%) 318 (51.6%) 188 (59.1%) 34 (54.8%) 967 (52.2%) 

Yes 115 (50.4%) 289 (46.0%) 273 (44.3%) 124 (39.0%) 22 (35.5%) 823 (44.4%) 

Adjuvant endocrine therapy 44.369 <0.01

No 88 (38.6%) 294 (46.8%) 354 (57.5%) 186 (58.5%) 40 (64.5%) 962 (51.9%) 

Yes 134 (58.8%) 320 (51.0%) 243 (39.4%) 120 (37.7%) 19 (30.6%) 836 (45.1%) 

Age of initial diagnosis and recurrence/distant metastasis

The relationship between age at initial diagnosis and 
recurrence and metastasis status of ABC is shown in Table 3.  
Age at initial diagnosis was neither associated with the 

recurrence and metastasis status nor the number of 
metastases (all P>0.05). Compared with the other age 
groups, patients aged <35 years were more likely to have 
bone metastasis (χ2=10.215; P<0.05).

In Cox regression analyses, crude and fully adjusted 
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Table 3 Recurrence and metastasis status among patients of different age groups

Recurrence and metastasis
Age at initial diagnosis

Total χ2 P value
<35 years 35–44 years 45–54 years 55–64 years ≥65 years

Recurrent-metastasis status 11.055 0.2

Local recurrence 29 (12.7%) 118 (18.8%) 109 (17.7%) 51 (16.0%) 11 (17.7%) 318 (17.2%)

Distant metastasis 165 (72.4%) 399 (63.5%) 399 (64.8%) 205 (64.5%) 43 (69.4%) 1,211 (65.4%)

Both 31 (13.6%) 89 (14.2%) 85 (13.8%) 52 (16.4%) 3 (4.8%) 260 (14.0%)

Unknown 3 (1.3%) 22 (3.5%) 23 (3.7%) 10 (3.1%) 5 (8.1%) 63 (3.4%)

Number of metastatic sites 12.982 0.11

None 3 (1.3%) 5 (0.8%) 11 (1.8%) 7 (2.2%) 1 (1.6%) 27 (1.5%)

1–2 174 (76.3%) 490 (78.0%) 504 (81.8%) 248 (78.0%) 54 (87.1%) 1,470 (79.4%)

≥3 51 (22.4%) 131 (20.9%) 100 (16.2%) 63 (19.8%) 6 (9.7%) 351 (19%)

Unknown 0 (0.0%) 0 (0.0%) 1 (0.2%) 0 (0.0%) 1 (1.6%) 2 (0.1%)

Metastatic sites

Bone 104 (45.6%) 251 (40.0%) 215 (34.9%) 124 (39.0%) 19 (30.6%) 713 (38.5%) 10.215 <0.05

Liver 50 (21.9%) 128 (20.4%) 143 (23.2%) 65 (20.4%) 7 (11.3%) 393 (21.2%) 5.381 0.25

Lung 73 (32%) 170 (27.1%) 170 (27.6%) 109 (34.3%) 19 (30.6%) 541 (29.2%) 6.923 0.14

Brain 7 (3.1%) 23 (3.7%) 16 (2.6%) 8 (2.5%) 1 (1.6%) 55 (3.0%) 1.973 0.74

HR and 95% CI for the associations between age groups 
and recurrence or distant metastasis status are shown 
in Table 4. Compared with patients aged <35 years, the 
risk of recurrence or distant metastasis in those aged  
55–64 years was significantly higher (HRage 55–64 =1.24, 
95% CI: 1.04–1.47), and the risk of bone metastasis and 
lung metastasis in those aged 35–44 years were lower  
(HRbone metastasis =0.74, 95% CI: 0.59–0.93; HRlung metastasis 
=0.70, 95% CI: 0.53–0.93). After adjusting for stage, grade, 
molecular subtype, surgery, neoadjuvant chemotherapy, 
adjuvant chemotherapy, adjuvant radiotherapy, adjuvant 
endocrine therapy, and family history of BC, patients 
aged 55–64 years had an increased risk of recurrence or 
distant metastasis by 1%, but HR did not have statistical 
significance (HRage 55–64 =1.01, 95% CI: 0.77–1.32). The 
protective effect of aging for patients aged 35–44 years on 
bone metastasis and lung metastasis were still significant 
(HRbone metastasis =0.69, 95% CI: 0.48–0.98; HRlung metastasis 
=0.48, 95% CI: 0.31–0.74). 

Cumulative recurrence/metastasis rate

Figure 1 compares the recurrence/metastasis rates of different 
age groups. The median DFI was 26.0 months. All patients’ 

cumulative recurrence/metastasis rates at 36 months of DFI 
were the most significant. Individuals aged 35–44 years had 
a significantly better prognosis, followed by participants 
aged <35, 45–54, 55–64, and ≥65 years (P<0.01). 

Discussion

In recent years, the rising incidence of ABC has become 
a major public health concern. A multicenter nationwide 
study in China showed that more than 20% of patients with 
BC were diagnosed at stage III or IV (12). A study showed 
that about 65% of patients with BC were diagnosed with 
ABC in China (10). Whether patients with ABC could 
benefit from surgical extirpation of the primary lesion 
is still uncertain. However, most data on BC in China 
have been collected from surgeons; therefore, the disease 
characteristics of ABC may have been underestimated. 
In this study, we found many differences in clinical 
characteristics and treatment selection among patients of 
different ages.

The incidence of BC has been rising annually among 
younger women, and the peak age of BC death in China 
was lower than that for women from other countries (15). 
The median age at diagnosis of BC in China is 45–55 years 
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Table 4 HR and 95% CI for the associations between age at initial diagnosis and recurrence/metastasis

Recurrence/metastasis condition
Age at initial diagnosis, HRs (95% CI)

<35 years 35–44 years 45–54 years 55–64 years ≥65 years

Recurrence and metastasis

Univariate analysis Reference 0.87 (0.74–1.01) 1.07 (0.91–1.25) 1.24 (1.04–1.47) 1.28 (0.95–1.72)

Multivariate analysis† Reference 0.84 (0.66–1.06) 0.87 (0.68–1.10) 1.01 (0.77–1.32) 0.76 (0.49–1.19)

Bone metastasis

Univariate analysis Reference 0.74 (0.59–0.93) 0.82 (0.64–1.04) 1.05 (0.80–1.37) 0.83 (0.49–1.40)

Multivariate analysis† Reference 0.69 (0.48–0.98) 0.72 (0.50–1.04) 0.87 (0.57–1.31) 0.36 (0.15–0.86)

Liver metastasis

Univariate analysis Reference 0.87 (0.61–1.22) 1.18 (0.84–1.65) 1.21 (0.82–1.79) 0.67 (0.29–1.58)

Multivariate analysis† Reference 0.88 (0.53–1.44) 1.16 (0.71–1.89) 1.05 (0.60–1.84) 0.55 (0.19–1.65)

Lung metastasis

Univariate analysis Reference 0.70 (0.53–0.93) 0.91 (0.69–1.21) 1.32 (0.98–1.79) 1.33 (0.79–2.24)

Multivariate analysis† Reference 0.48 (0.31–0.74) 0.62 (0.41–0.94) 1.00 (0.63–1.56) 0.50 (0.21–1.21)

Brain metastasis

Univariate analysis Reference 1.10 (0.44–2.71) 0.95 (0.37–2.45) 1.18 (0.41–3.41) 0.83 (0.10–6.91)

Multivariate analysis† Reference 2.48 (0.42–14.52) 1.01 (0.17–6.06) 2.42 (0.38–15.55) 1.97 (0.13–29.14)
†, adjusted for TNM stage, grade, molecular subtypes, surgery, neoadjuvant chemotherapy, adjuvant chemotherapy, adjuvant radiotherapy, 
adjuvant endocrine therapy, and family history of BC. HR, hazard ratio; CI, confidence interval; BC, breast cancer. 

Figure 1 Comparisons of cumulative disease-free survival rates of 
different age groups.
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compared with 55–65 years in Western countries, with 
patients aged under 35 years accounting for about 10–15% 
of women with BC (10). In the present study, the median 
age at initial diagnosis (39–53 years) was not consistent 
with the results of a previous study about BC in China, 
indicating that the age at initial diagnosis of ABC patients 
is earlier than that of patients with other types of BC. The 
possible reasons could be: (I) according to the Chinese 
National Breast Cancer Screening Guidelines, women 
younger than 45 were defined as a general risk group, and 
regular screening is not recommended for this population; 
(II) younger females with BC are in their prime years of 
childbearing, and their levels of progesterone and estrogen 
are higher, which easily promotes BC progression; (III) in 
younger women, early diagnosis of BC is more difficult 
because younger women generally have denser breast 
tissue than older women that is likely responsible for the 
decreased accuracy of film mammography; and (IV) younger 
populations usually have poorer health awareness compared 
to middle-aged and elderly individuals, which may cause the 
higher proportion of missed and delayed diagnoses of BC 
among young females. 
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In this study, we found that age at initial diagnosis 
was significantly related to hormone receptor status and 
HER2 status but not to tumor stage, grade, or pathological 
type. Clinical research shows that compared with older 
individuals, younger women tend to present more 
frequently with BC that has poor prognostic features such 
as a higher T stage, positive lymph nodes, and a high 
proliferating fraction (16,17). In our study, the proportion 
of advanced disease (stages III) was higher among older 
patients than in younger ones. Although Louwman et al. (18)  
reported the same result, our finding was contrary to 
previous studies. For example, Wang’s (19) study shows 
that young patients were more likely to be PR positive and 
HER2 positive, and the proportion of PR+ and HER2+ 
in the young group was higher than that in the old group. 
Our study showed that the proportion of hormone receptor 
positivity declined with age. In contrast, the proportion of 
HER2+ in older women (55–64 years) was highest (37.4%), 
closely followed by the 45–54 years group (34.6%) and the 
<35 years group (33.8%), which is inconsistent with the 
current findings. The observed differences correlated with 
the inclusion criteria, sample sizes, and grouping criteria 
of age. The participants in our study were all patients with 
ABC, whereas the majority of studies have not specified 
the tumor stage of patients. The inconsistency between 
the results of our study and existing studies could reflect 
the difference between ABC and overall BC. In addition, 
we divided the participants into five age groups, so it was 
possible to better observe the age distribution of molecular 
features to some extent.

Further, in the treatment decision-making of BC, it 
is necessary to fully consider the patient’s tolerance to 
treatment-related adverse effects. Older women usually 
had multiple diseases, and the molecular characteristics in 
BC tumors of younger and older women were different. 
Therefore, treatment decisions for older women were 
complex. We found that, with increasing age, the 
proportion of patients treated with surgery decreased, 
because in older patients, the organ systems that decline 
during aging lead to their inadequate tolerance to 
complications and treatment-related adverse reactions. 
In treating BC in older patients, individualized surgical 
strategies should be formulated according to the patient’s 
characteristics. Overall, optimizing chemotherapeutic 
regimens could reduce the risk of recurrence in BC patients, 
especially those under the age of 50. This conclusion was 
also confirmed in our study. However, according to Chinese 
guidelines for the treatment of ABC (20), the age of patients 

should not be the only reason for receiving undertreatment 
(older patients) or over-treatment (younger patients). When 
making treatment decisions, clinical doctors should consider 
factors such as hormone receptor and HER2 status, prior 
therapies (efficacy, toxicity, tolerance, etc.), DFI, tumor 
burden (the number of metastatic sites and the specific site 
of metastases), age, general status, menstrual status, and 
comorbidities. At the same time, appropriate adjustments 
should be made to the treatment strategies according to 
the severity of clinical symptoms, the need to control the 
disease and/or symptoms quickly, and the patient’s social, 
economic, and psychological factors.

Furthermore, the relationship between the age of the 
patient and prognosis remains a controversial aspect of the 
natural history of BC, which is of considerable practical 
importance to clinicians (21). Available evidence suggests 
that young age (22), particularly younger than 35 years, is 
a significant risk factor for local recurrence in women with 
early-stage BC after breast-conserving therapy (23,24). 
Young patients may have some characteristics that promote 
local recurrence. A review of the epidemiology of BC by 
Anders et al. (25) that compared younger and older BC 
patients found that the percentage of HER2-positive and 
triple-negative molecular types in young patients, which 
were usually associated with worse clinical outcomes, was 
much higher, leading to their poor tumor differentiation, 
high malignancy, rapid growth, and high risk of recurrence 
and metastasis. However, there were few studies and sample 
sizes available for this review’s 10-year local recurrence 
rate, which may have led to false-negative results (25). A 
previous study recruited 3,064 patients who underwent 
breast conservation surgery between 1988 and 2001 at the 
Mayo Clinic to evaluate the risk factors of local recurrence, 
and the results indicated that young age (<40 years) 
increased the risk of local recurrence after breast-conserving 
treatment (26). A study in China showed that both younger 
(aged <35 years) and older (aged ≥65 years) BC patients had 
poor prognoses (27). In our study, we analyzed the disease-
free survival of different age groups. Our results indicated 
that being 55–65 years old correlated with a higher risk of 
recurrence and metastasis among patients with BC, even 
though it was not an independent prognostic factor, which 
is inconsistent with current studies. Generally, young BC 
patients usually have better physique and can tolerate 
traumatic treatments, such as surgery and chemotherapy. 
Therefore, clinicians tend to develop more aggressive 
treatment regimens for young women to prevent local 
recurrence. Adjuvant radiotherapy and/or chemotherapy 
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treatment could be useful to lower the risk of local 
recurrence or metastasis. Contrary to expectations, older 
patients (aged ≥65 years) in our study had a higher stage at 
initial diagnosis, but univariate analysis results showed that 
most patients 55 years or older did not receive adjuvant 
chemotherapy or adjuvant radiotherapy. This finding 
means that undertreatment might also contribute to worse 
prognoses among older patients, implying that low doses of 
chemotherapy or radiotherapy should be used with caution 
in older patients with BC. Further, complicated diseases 
of older patients may represent an important contributing 
factor for undertreatment of older patients. 

Finally, a certain degree of missing complicated disease 
data existed in our study. Despite this, we compared 
the proportion of the main three complicated diseases, 
including hypertension, diabetes, and coronary heart 
disease, in patients with complicated disease information. 
We found that older patients significantly had these diseases 
(P<0.01). Chemotherapeutic regimens commonly used after 
operation for BC include cyclophosphamide methotrexate 
fluoroucil (CMF) and anthracyclines-based regimens (28).  
For first-line chemotherapeutic regimens for ABC, 
doxorubicin, an anthracycline drug, is recommended in 
chemonaïve cases. Concerning concomitant anthracycline 
therapy, cardiotoxicity with anthracyclines is generally 
known to be dose-dependent (29). Older patients usually 
have poor tolerance to the treatment, and the use of 
anthracyclines could bring a higher risk of cardiotoxicity 
to them; therefore, older patients are recommended to 
receive attenuated doses of chemotherapy, which may 
result in a lower survival rate in the older group compared 
to the younger group. After adjusting for stage at initial 
diagnosis, grade, molecular subtype, family history of 
BC, and different types of therapy, the risk of recurrence 
and metastasis among older patients was not significantly 
higher than younger patients, corroborating the hypothesis 
mentioned above.

There are some advantages of the present study. 
Our multicenter retrospective hospital-based clinical 
epidemiology s tudy was  the  f i r s t  to  explore  the 
characteristics of ABC for women in China. All the data was 
collected from 21 tertiary hospitals in seven geographical 
regions, representing different cancer burden levels, 
diagnoses, and treatments. Convenience sampling was 
adopted, and the sample size was allocated according to 
the month to reduce the bias caused by the time of initial 
diagnosis. However, the project was limited in several ways. 
First, this study was a retrospective cross-sectional survey 

and the included patients’ information was based on medical 
records, leading to recall bias. Second, this study did not 
examine the consistency of molecular typing between 
relapsed and metastatic tumor and primary tumor. Finally, 
because the medical records of each hospital are different, 
there are certain data missing. Further population-based 
research should be undertaken to explore the diagnosis and 
treatment information of ABC.

Conclusions

Age at initial diagnosis is related to the clinicopathological 
characteristics and treatment pattern of patients with 
BC. Although the risk of site-specific metastasis varies by 
age, age is not an independent factor influencing the risk 
of total recurrence and metastasis. In accordance with 
current clinical practice guidelines for BC, however, precise 
treatment should be chosen personally for patients of 
different ages.
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Figure S1 Flow diagram of the study. 
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Table S1 Demographic characteristics among patients of different age groups

Demographic 
characteristics

Age at initial diagnosis
Total χ2 P value

<35 years 35–44 years 45–54 years 55–64 years ≥65 years

BMI group, kg/m2 55.184 <0.01

≤18.49 19 (8.3%) 27 (4.3%) 11 (1.8%) 7 (2.2%) 2 (3.2%) 66 (3.6%) 

>18.49 and ≤24.99 133 (58.3%) 362 (57.6%) 324 (52.6%) 163 (51.3%) 29 (46.8%) 1,011 (54.6%) 

>24.9 and ≤29.99 33 (14.5%) 140 (22.3%) 190 (30.8%) 104 (32.7%) 19 (30.6%) 486 (26.2%) 

>24.99 11 (4.8%) 36 (5.7%) 25 (4.1%) 19 (6.0%) 4 (6.5%) 95 (5.1%) 

Unknown 32 (14.0%) 63 (10.0%) 66 (10.7%) 25 (7.9%) 8 (12.9%) 194 (10.5%) 

Occupation 19.775 0.07

Housewife 29 (12.7%) 65 (10.4%) 87 (14.1%) 48 (15.1%) 10 (16.1%) 239 (12.9%) 

Manual work 56 (24.6%) 184 (29.3%) 174 (28.2%) 84 (26.4%) 13 (21.0%) 511 (27.6%) 

Metal work 43 (18.9%) 124 (19.7%) 99 (16.1%) 50 (15.7%) 19 (30.6%) 335 (18.1%) 

Others 39 (17.1%) 76 (12.1%) 78 (12.7%) 33 (10.4%) 11 (17.7%) 237 (12.8%) 

Unknown 61 (26.8%) 179 (28.5%) 178 (28.9%) 103 (32.4%) 9 (14.5%) 530 (28.6%) 

Smoking 2.521 0.641

No 199 (87.3%) 565 (90.0%) 545 (88.5%) 281 (88.4%) 56 (90.3%) 1,646 (88.9%) 

Yes 2 (0.9%) 7 (1.1%) 10 (1.6%) 6 (1.9%) 0 (0.0%) 25 (1.3%) 

Unknown 27 (11.8%) 56 (8.9%) 61 (9.9%) 31 (9.7%) 6 (9.7%) 181 (9.8%) 

Drinking 4.867 0.301

No 196 (86.0%) 561 (89.3%) 547 (88.8%) 279 (87.7%) 56 (90.3%) 1,639 (88.5%) 

Yes 6 (2.6%) 6 (1.0%) 12 (1.9%) 5 (1.6%) 0 (0.0%) 29 (1.6%) 

Unknown 26 (11.4%) 61 (9.7%) 57 (9.3%) 34 (10.7%) 6 (9.7%) 184 (9.9%) 

Number of live births 231.272 <0.01

0 25 (11.0%) 21 (3.3%) 7 (1.1%) 4 (1.3%) 0 (0.0%) 57 (3.1%) 

1 123 (53.9%) 350 (55.7%) 277 (45.0%) 113 (35.5%) 8 (12.9%) 871 (47.0%) 

2 46 (20.2%) 177 (28.2%) 186 (30.2%) 98 (30.8%) 17 (27.4%) 524 (28.3%) 

≥3 10 (4.4%) 30 (4.8%) 81 (13.1%) 70 (22.0%) 28 (45.2%) 219 (11.8%) 

Unknown 24 (10.5%) 50 (8.0%) 65 (10.6%) 33 (10.4%) 9 (14.5%) 181 (9.8%) 

Family history of BC 2.584 0.63

No 212 (93.0%) 575 (91.6%) 564 (91.6%) 290 (91.2%) 58 (93.5%) 1,699 (91.7%) 

Yes 8 (3.5%) 26 (4.1%) 33 (5.4%) 11 (3.5%) 2 (3.2%) 80 (4.3%) 

Unknown 8 (3.5%) 27 (4.3%) 19 (3.1%) 17 (5.3%) 2 (3.2%) 73 (3.9%) 

BMI, body mass index; BC, breast cancer. 


