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The different prognostic impact of age according to 
individual molecular subtypes in breast cancer
Nam Hee Kim, Hye Won Bang, Yong Hwa Eom, Seung Hye Choi
Division of Breast Surgery, Department of Surgery, Eunpyeong St. Mary’s Hospital, College of Medicine, The Catholic University of 
Korea, Seoul, Korea

INTRODUCTION
There have been many studies on the effects of age on breast 

cancer. Typically, young age at diagnosis has been considered 
a poor prognostic factor associated with poor differentiation, 
high proliferation index, high incidence of lymphovascular 
invasion (LVI), and lower estrogen receptor (ER) expression 
[1,2]. However, it may be unwarranted to consider young age an 
independent poor prognostic factor of all breast cancers.

This assumption is unwarranted because not only biologic 
but molecular factors also influence the prognosis of breast 
cancer. Additionally, the age-specific incidence of breast cancer 
differs by race, and the definition of ‘young age’ has not been 
determined. It has been estimated that less than 6.0% are 
diagnosed under the age of 40 years in the United States, and 
different incidence rates according to race and ethnicity in the 
United States have been shown [3-5]. The incidence rate of 
young breast cancer is significantly higher in Asia, especially in 
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Purpose: Young age at diagnosis has been considered a poor prognostic factor. However, considering young age itself as 
an independent poor prognostic factor for all breast cancers is unwarranted. We analyzed the different prognostic effects 
of age as a prognostic factor according to molecular subtype.
Methods: We retrieved data from 1,819 patients with primary breast cancer at the breast cancer center between 2007 and 
2012. We classified each molecular subtype in 3 age cohorts (<40, 40–50, and >50 years). The associations of age and 
molecular subtypes with relapse-free survival (RFS) and disease-specific survival (DSS) were assessed.
Results: Patients aged <40 years showed a poor histologic grade, hormone receptor negative expression than older 
patients, and had a higher proportion of triple-negative breast cancer (TNBC) (P < 0.001). This was thought to have led to a 
significantly shorter RFS than that of older patients (P < 0.001). In the subgroup analysis according to molecular subtypes, 
the poorer RFS was observed only in patients aged <40 years with luminal type breast cancer (P < 0.001). Age was an 
independent prognostic factor of RFS in luminal-type breast cancer (P = 0.001). However, no difference in RFS between age 
groups was found for patients with other subtypes (human epidermal growth factor receptor 2 overexpression, TNBC). No 
significant effect between age groups was found in DSS for patients with all molecular subtypes.
Conclusion: Age at diagnosis of breast cancer affected prognosis differently according to molecular subtype. Age itself is 
not an independent prognostic factor. Age of <40 years showed a limited worse prognostic impact of recurrence in luminal 
type breast cancer only. 
[Ann Surg Treat Res 2022;103(3):129-144]
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China and Korea [6,7]. The definition of ‘young age,’ defined by 
various authors as patients younger than 30, 35, 40, 45, or even 
50 years, is currently debated [1,8-10]. Accordingly, the young age 
cutoffs vary between 30 and 50 years old. Young breast cancer 
patients show a higher proportion of triple-negative breast 
cancer (TNBC), which is considered an aggressive molecular 
subtype, and these patients are often found with higher stages 
of cancer [11]. These trends are likely to affect evaluations of the 
prognosis of young breast cancer patients. 

According to the 2013 annual report of the Korean central 
cancer registry in Korea, breast cancers developing before the 
age of 40 years comprised 10.3% of all breast cancers, which is 
much higher than the proportion reported in western countries 
[3,4,7]. This finding is of great clinical importance for young 
breast cancer patients in Korea.

We hypothesized that young age itself would not be an 
independent prognostic factor for all breast cancers and 
that because young breast cancer is associated with worse 
clinicopathologic features and more aggressive subtypes such 
as TNBC, it seems to be frequently related to inferior outcomes. 
Accordingly, we aimed to analyze the different effects of age as 
a prognostic factor according to molecular subtypes.

METHODS

Patient cohort
In total, 1,819 patients who were diagnosed with and treated 

for invasive breast cancer at the breast cancer center between 
2007 and 2012 were included in our study. This study was 
approved by the Institutional Review Board of College of 
Medicine, The Catholic University of Korea (No. KC 15RISI0805). 
This study was considered of minimum risk, so patient consent 
was not required. Data from a prospective cohort of patients 
with invasive breast cancer who underwent surgical treatment 
and adjuvant treatment were reviewed retrospectively from 
the hospital’s breast cancer center database and the patient’s 
medical records as a single-center trial.

The inclusion criteria for this study were as follows: female 
breast cancer patients pathologically diagnosed with invasive 
breast cancer; patients with unilateral breast cancer who had 
no distant metastasis at initial diagnosis; and patients with 
complete ER, progesterone receptor (PR), and human epidermal 
growth factor receptor 2 (HER2) data. The exclusion criteria 
were the presence of noninvasive carcinoma (e.g., ductal 
carcinoma in situ); distant metastasis at diagnosis, neoadjuvant 
treatment; and any other malignancy.

This study classified each molecular subtype into 3 age 
cohorts including those aged <40, 40–50, and >50 years. 
Patients underwent surgical treatment and received adjuvant 
chemotherapy, endocrine therapy, and/or radiation therapy 
according to the institutional breast cancer treatment protocol 

by 2 physicians.

Immunohistochemistry and cancer staging
Immunohistochemistry (IHC) staining for ER (SP1, prediluted; 

Roche Science, Mannheim, Germany), PR (1E2, prediluted; 
Roche), HER2 (4B5, prediluted; Roche), and Ki-67 (MIB-1, 
prediluted; Roche) was performed on whole tissue section 
slides using BenchMark ULTRA (Ventana Medical Systems, 
Tucson, AZ, USA). Positive ER and PR status were defined as an 
Allred score ≥3 or nuclear staining ≥10%. IHC or fluorescence 
in situ hybridization (FISH) was performed to evaluate HER2 
status. Positive HER2 status was defined as an IHC score of 
3+ or 2+ with confirmed HER2 gene amplification by FISH. 
The amplification ratio was defined as the HER2 gene locus 
copy number relative to the chromosome 17 centromere copy 
number, and an amplification ratio of ≥2.0 was considered 
positive. Ki-67 was classified by cutoff points according to the 
expressing cell ratio (<14% and ≥14%). A single pathologist 
interpreted all IHC results.

We defined the molecular subtypes as follows [12]: luminal A: 
all ER and/or PR positive, HER2 negative, Ki-67 low (<14%) cases; 
luminal B: all ER and/or PR positive, HER2 negative/positive, 
any Ki-67 cases; HER2 overexpression: ER and PR absent, HER2 
positive cases; and TNBC: ER and PR absent, HER2 negative 
cases.

All cancers were staged according to the eighth edition of the 
American Joint Committee on Cancer staging manual.

Follow-up and endpoint
Patients were assessed for disease recurrence according to 

standard clinical practice. A history and physical examination 
were performed every 6 months for 5 years and annually 
thereafter. The primary endpoint of this study was relapse-free 
survival (RFS), and the secondary endpoint was disease-specific 
survival (DSS). RFS was the time between diagnosis and the 
first evidence of locoregional or distant recurrence. DSS was the 
time between diagnosis and death as a result of recurrence. The 
follow-up deadline of this study was December 31, 2021.

Statistical analysis
Clinical and pathological features were calculated and 

compared using the chi-square test and Fisher exact test. The 
cumulative RFS and DSS durations and probabilities were 
estimated using Kaplan-Meier analysis. Survival curves were 
compared using a log-rank test between survival rates. A 
multivariate analysis was performed using Cox proportional 
hazards model. All variables were described with a hazard ratio 
and 95% confidence interval. All statistical tests were two-sided, 
and a P-value of <0.05 was considered statistically significant. 
The statistical analyses were performed with PASW Statistics 
ver. 18.0 (IBM Corp., Armonk, NY, USA).
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RESULTS

Patient characteristics	
Of the 1,819 patients, 1,205 were included in the analysis. Six 

hundred fourteen patients whose IHC data and follow-up data 
were missing from our database and who met the exclusion 
criteria were excluded.

The clinicopathologic characteristics of patients according 

to the 3 age cohorts of those aged <40, 40–50, and >50 years 
are shown in Table 1. The mean patient age was 50.89 ± 10.57 
years, and the mean follow-up was 108.01 ± 37.71 months. 
Additionally, 149 (12.4%) were younger than 40 years, 490 (40.7%) 
were between 40 and 50 years, and 566 (46.9%) were older 
than 50 years. The group of younger patients (aged <40 years) 
showed a greater association with poor prognostic factors, such 
as poor histologic grade, ER and PR negative expression than 

Table 1. Clinicopathologic characteristics of patients according to age at diagnosis (n = 1,205)

Characteristic
Age group (yr)

P-value
<40 40–50 >50

No. of patients 149 (12.4) 490 (40.7) 566 (46.9)
Breast operation 0.108
    Breast conservation 100 (67.1) 301 (61.4) 328 (58.0)
    Mastectomy 49 (32.9) 189 (38.6) 238 (42.0)
Axillary operation 0.777
    SLNB 87 (58.4) 302 (61.6) 344 (60.8)
    ALND 62 (41.6) 188 (38.4) 222 (39.2)
Tumor size (cm) 0.157
    ≤2 104 (69.8) 309 (63.1) 384 (67.8)
    >2 45 (30.2) 181 (36.9) 182 (32.2)
LN metastasis 0.692
    No 100 (67.1) 346 (70.6) 399 (70.5)
    Yes 49 (32.9) 144 (29.4) 167 (29.5)
Stage 0.130
    I 111 (74.5) 403 (82.2) 432 (76.3)
    II 26 (17.4) 58 (11.8) 90 (15.9)
    III 12 (8.1) 29 (5.9) 44 (7.8)
Histologic gradea) <0.001
    Well 30 (20.1) 163 (33.3) 150 (26.5)
    Moderate 62 (41.6) 218 (44.5) 277 (48.9)
    Poor 57 (38.3) 109 (22.2) 139 (24.6)
Lymphovascular invasion 0.827
    No 98 (65.8) 342 (69.8) 383 (67.7)
    Yes 50 (33.69) 144 (29.4) 180 (31.8)
    Unknown 1 (0.7) 4 (0.8) 3 (0.5)
Estrogen receptor <0.001
    Negative 59 (39.6) 94 (19.2) 155 (27.4)
    Positive 90 (60.4) 396 (80.8) 411 (72.6)
Progesterone receptor <0.001
    Negative 66 (44.3) 126 (25.7) 251 (44.3)
    Positive 83 (55.7) 364 (74.3) 315 (55.7)
HER2 0.113
    Negative 120 (80.5) 374 (76.3) 412 (72.8)
    Positive 29 (19.5) 116 (23.7) 154 (27.2)
Ki-67 (%) 0.063
    <14 39 (26.2) 179 (36.5) 198 (35.0)
    ≥14 110 (73.8) 311 (63.5) 368 (65.0)
Molecular subtype <0.001
    Luminal A 32 (21.5) 148 (30.2) 155 (27.4)
    Luminal B 61 (40.9) 255 (52.0) 261 (46.1)
    HER2 overexpression 11 (7.4) 36 (7.3) 74 (13.1)
    TNBC 45 (30.2) 51 (10.4) 76 (13.4)

Nam Hee Kim, et al: Age as prognostic factor by subtype of breast cancer
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older patients (groups aged 40–50 years and >50 years). This is 
thought to have led to the impact on poor prognosis. The groups 
aged 40–50 years and >50 years had similar clinicopathologic 
characteristics including lymph node metastasis, pathologic 
stage, and histologic grade (Table 1).

The distribution of molecular subtypes according to age 
showed statistical significance (P < 0.001) (Table 1). The 
incidence of TNBC was higher, whereas the incidence of 
luminal type breast cancer was lower, in the group aged <40 
years compared with the other age groups.

The proportion of patients who received adjuvant endocrine 
therapy was greater in the 40–50-year and >50-year age groups 
than in the <40-year age group (P < 0.001). This could be 
attributed to the different incidence rates of the luminal breast 
cancer subtypes. The proportion of patients who received 
adjuvant chemotherapy and radiation therapy was greater in the 
<40-year age group than in the 40–50-year and >50-year age 
groups (P = 0.016 and P < 0.001, respectively). Although it was 
not significantly different, breast conservation was performed 
more frequently in the <40-year age group (P = 0.108). 

The recurrence rate was statistically significantly higher 
in those under 40 years of age, but there was no statistical 
difference in mortality.

Univariate and multivariate survival analysis with Cox 
proportional hazard model showed that pathologic stage, LVI, 
molecular subtype, and adjuvant endocrine therapy were the 

only independent prognostic factors of recurrence and survival 
for all patients (Table 2). Age was associated with recurrence 
in the multivariate analysis only, but was not found to be an 
independent predictor of survival in breast cancer patients.

Five-year relapse-free survival and 5-year disease-
specific survival in all patients according to 
molecular subtype
When classified by age, worse 5-year RFS (P < 0.001) and 

5-year DSS (P = 0.042) were observed in younger ages than in 
older ages (Fig. 1). The 5-year RFS of those <40, 40–50, and >50 
years were 84.7%, 93.2%, and 88.5%, respectively. The 5-year 
DSS of those <40, 40–50, and >50 years were 96.5%, 97.7%, 
and 95.2%, respectively. When classified by molecular subtype, 
as expected, a significant difference in 5-year RFS (P = 0.002) 
and 5-year DSS (P < 0.001) according to molecular subtype was 
observed (Fig. 1). The 5-year RFS of luminal A, luminal B, HER2 
overexpression, and TNBC were 94.1%, 90.5%, 87.9%, and 81.4%, 
respectively. The 5-year DSS of luminal A, luminal B, HER2 
overexpression, and TNBC were 99.1%, 96.7%, 94.8%, and 90.9%, 
respectively. 

Prognostic impact of age at diagnosis according to 
molecular subtype
The distribution of age according to molecular subtypes is 

shown in Table 3. There were no clinicopathologic differences 

Table 1. Continued

Characteristic
Age group (yr)

P-value
<40 40–50 >50

Adjuvant chemotherapy 0.016
    No 44 (29.5) 207 (42.2) 212 (37.5)
    Yes 105 (70.5) 283 (57.8) 354 (62.5)
Adjuvant endocrine therapy <0.001
    No 60 (40.3) 99 (20.2) 157 (27.7)
    Yes 89 (59.7) 391 (79.8) 409 (72.3)
Adjuvant radiation therapy 0.025
    No 38 (25.5) 160 (32.7) 209 (36.9)
    Yes 111 (75.4) 330 (67.3) 357 (63.1)
Adjuvant trastuzumab 0.366
    No 135 (90.6) 460 (93.9) 529 (93.5)
    Yes 14 (9.4) 30 (6.1) 37 (6.5)
Recurrence <0.001
    No 115 (77.2) 445 (90.8) 480 (84.8)
    Yes 34 (22.8) 45 (9.2) 86 (15.2)
Death 0.058
    No 139 (93.3) 471 (96.1) 525 (92.8)
    Yes 10 (6.7) 19 (3.9) 41 (7.2)

Values are presented as number (%).
SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection; LN, lymph node; HER2, human epidermal growth factor 
receptor 2; TNBC, triple-negative breast cancer.
a)Nottingham histologic score system.
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between those aged <40, 40–50, and >50 years in each 
molecular subtype. The <40-year age group presented only 
high rates of breast conservation (P = 0.021) and poor histologic 
grade (P = 0.008) in TNBC. Only the luminal A (P < 0.001) and 
B (P < 0.001) breast cancer showed a high recurrence rate in 
the group under 40 years of age (Table 3). Only younger patients 
(<40-year age group) with luminal A and B breast cancer had a 
worse RFS than older patients (Fig. 2A, B). The 5-year RFS rate 
was 87.5% for patients in the <40-year age group, 96.5% for 
patients in the 40–50-year age group, and 93.2% for patients in 
the >50-year age group for luminal A breast cancer. The 5-year 

RFS rate was 80.1% for patients in the <40-year age group, 93.9% 
for patients in the 40–50-year age group, and 89.5% for patients 
in the >50-year age group for luminal B breast cancer. The 
univariate and multivariate analysis also revealed that age of 
<40 years were independent prognostic factors of recurrence in 
luminal A and B breast cancer (Table 4, 5).

However, no difference in RFS between age groups was found 
for patients with other subtypes, i.e., HER2 overexpression, and 
TNBC (Fig. 2C, D). Furthermore, no significant effect between 
age groups was found in DSS for patients with all molecular 
subtypes (Fig. 3). 

Nam Hee Kim, et al: Age as prognostic factor by subtype of breast cancer
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Fig. 1. Kaplan-Meier analysis of relapse-free survival (RFS) and disease-specific survival (DSS) in all breast cancer patients. (A) 
RFS according to age at diagnosis, (B) DSS according to age at diagnosis, (C) RFS according to molecular subtypes, and (D) 
DSS according to molecular subtypes. HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer.
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DISCUSSION
In this study, we showed that age at diagnosis of breast 

cancer had different effects on prognosis according to molecular 
subtype. Age had only a limited prognostic role in recurrence in 
both luminal A and B breast cancer.

It was estimated that 12.4% of breast cancer patients were 
diagnosed at <40 years of age, 40.7% were diagnosed between 
40 and 50 years of age, and 46.9% were diagnosed at >50 
years of age in our study; thus, those under 50 years of age 
accounted for more than half of all patients, similar to the 
findings described by previous Asian studies [13,14]. In western 

countries, young (<40 years) patients represent approximately 
17.8%, 40- to 50-year-old patients represent 14.0%, and >50-year-
old patients constitute 68.2%; thus, patients older than 50 years 
account for more than half of the cases, which is in contrast 
to Asian patients [15,16]. As such, the incidence rate of breast 
cancer according to age differs between Asian and western 
countries. The effect of age as a prognostic factor may differ due 
to the different age distribution between Asian and western 
countries.

Our study suggested that the clinicopathological charac
teristics and distribution of molecular subtypes according to 
age were different. Patients aged <40 years were associated 
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with poor prognostic factors, such as poor histologic grade, 
ER and PR negative expression, and more than twice as many 
in the <40-year age group as in the >50-year age group had 
TNBC (30.2% and 13.4%, respectively). As a result, the <40-year 
age group showed a poorer RFS than the 40–50-year age group 
and >50-year age group in the Kaplan-Meier analysis of all 
patients. However, there was no significant difference in DSS 
by age. The 40–50-year and >50-year age groups had similar 
clinicopathological characteristics and prognoses. The finding 
of poor RFS in young breast cancer patients was similar to the 
results of previous studies [17], but the finding regarding DSS 
in young breast cancer patients did not correspond with the 
results of past studies [15]. Some studies have found that the 

prognosis of young patients did not differ from that of older 
patients, as was found in our study [18-21]. This is likely due to 
differences in race and distribution of age.

This study focused on the different effects of age according 
to molecular subtype. We hypothesized that young age was not 
a poor prognostic factor for all molecular subtypes of breast 
cancer. Based on our findings, young age was a poor prognostic 
factor in luminal A and B breast cancer only, and the other 
molecular subtypes such as HER2 overexpression, and TNBC 
were not affected by age. Consistent with a recent study, this 
proved that age has a subtype-specific prognostic impact [5,11].

This study showed a poor RFS with young age (<40 years) 
in luminal breast cancer. This result is in line with data from 
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Liedtke et al. [16], who observed a clear prognostic effect of 
age in luminal breast cancer. Our finding of a lack of different 
prognoses according to age in TNBC was not consistent with 
the results of Liedtke et al. [16]. They investigated 4,467 
breast cancer patients from 40 publicly available datasets and 
included incomplete information about adjuvant treatment and 
heterogeneous treatment modalities. Therefore, their results 
differ from ours, which included homogenous patients given 
standard clinical treatment. 

Similar to our results, Sheridan et al. [22] suggested that the 
effect of age varies by subtype and that age of <40 years is 
not associated with an inferior RFS and overall survival (OS) 
in TNBC. Kim et al. [23] also concluded that the prognostic 
significance of young age differs by molecular subtype and that 
age of <35 years was not correlated with a poor prognosis in 
patients with TNBC. However, because each of these studies, 
including our own, used different definitions of young age, 
and as young breast cancer patients with TNBC receive more 
aggressive treatment than those with other molecular subtypes 
in Korea, this may have influenced the results. More recently, 
Partridge et al. [5], who analyzed the National Comprehensive 
Cancer Network database enrolled breast cancer patients, 
found that the effect of age on the prognosis of breast cancer is 
different according to molecular subtype, and age of <40 years 
has a particular prognostic role with luminal breast cancer. 
Although their study evaluated a large data set, the patients 
from a multicenter cohort had heterogenetic characteristics and 
could have received inconsistent treatment. There may be a lack 
of pathologic and follow-up data thereby creating a bias in these 
results. 

More recent studies suggest a negative prognostic impact on 
recurrence at the young age of the luminal subtype, as Sheridan 
et al. [22] have previously described that age of <40 years 
was an independent predictor of RFS and OS for the luminal 
subtype. Kim et al. [24] investigated the association of young age 
breast cancer patients with locoregional recurrence according 
to molecular subtype with positive lymph nodes who received 
curative surgery and adjuvant chemotherapy. A total of 574 
patients were reviewed retrospectively, and patients aged <40 
years were independent factors for a lower LRRFS (locoregional 
recurrence-free survival rate) in both luminal A and luminal B 
type breast cancer. They noticed the negative effect of young 
age on LRRFS only in luminal subtypes. In contrast, young 
age did not have a significant impact on nonluminal subtypes 
[24]. Lian et al. [25] analyzed a large cohort of cases obtained 
from 2,125 Chinese women and described the association 
between age group and 5-year disease-free survival (DFS), 5-year 
distant metastasis-free survival (DMFS), or 5-year breast cancer 
special-survival (BCSS) by molecular subtype. Results showed 
significantly worse 5-year DFS, 5-year DMFS, and 5-year BCSS in 
younger patients with luminal A subtype, and younger women 

with luminal B (HER2 negative) showed worse 5-year DFS and 
5-year DMFS than the 41–50-year age group. As our data shows, 
in line with previous studies [6,17,24,25], young age might be 
considered as a poor prognostic factor of recurrence in luminal 
subtype breast cancer.  

In our opinion, all young patients with breast cancer do not 
have aggressive biologic characteristics, and biology differs 
according to molecular subtype. Therefore, as more young 
patients with hormone receptor-positive subtypes such as 
luminal A and B breast cancer experience menstruation 
recovery and are exposed to high levels of estrogen for longer 
periods after completing 5-year endocrine therapy, there might 
be a negative effect on their clinical outcomes. As a result, for 
younger age patients with hormone receptor-positive breast 
cancer, a longer duration of endocrine therapy might be 
beneficial.

This study has some limitations. First, there is a limitation 
in that it is unknown whether the results of our study are 
generalizable to other patient cohorts of different races or 
ethnicities, such as Caucasian, Hispanic, or African American. 
So, further studies including different patient cohorts are 
needed. Second, this study did not consider the effects of 
chemo-induced amenorrhea in the 40–50-year age group. Third, 
it could be considered a limitation that we did not investigate 
menopausal status over time in all patient cohorts. Additionally, 
because genetic tests including breast cancer type 1 (BRCA1) 
and BRCA2 are not routinely obtained in our institution, the 
impact of genetic mutation may have been inadvertently ruled 
out.

Nevertheless, there are many strengths. The characteristics 
of the patient population were homogenous because the study 
included patients from a single institution, the analysis of 
pathologic results was conducted by a single pathologist, and 
the selection of adjuvant treatment was performed according 
to the institutional breast cancer treatment protocol, and it 
was thus possible to minimize selection bias. The study drew 
conclusions from the results of a considerably long follow-
up period. Finally, as the study included a large number of 
patients, these results may represent the characteristics of 
Asian patients, who differ from western patients.

In summary, breast cancer does not have age-specific biology. 
Because there is a different distribution of molecular subtypes 
according to age, breast cancer diagnosed at a young age could 
be considered aggressive. Age at diagnosis of breast cancer had 
different roles in prognosis according to molecular subtype. 
Age itself is not an independent prognostic factor. Age of <40 
years showed a limited worse prognostic impact of recurrence 
in luminal A and B breast cancer only, with these patients being 
exposed to high levels of estrogen for longer periods even after 
completing 5-year endocrine therapy.
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