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Abstract: Objective: To analyze the clinical characteristics of breast cancer patients across different age groups and
their impact on prognosis. Methods: A retrospective study was conducted from January 2022 to December 2023,
including 105 breast cancer patients. These patients were stratified into three groups: young (<40 years), middle-
aged (40-59 years), and elderly (=60 years). Results: The mean age at diagnosis was 52.74 years, with the highest
incidence observed in the middle-aged group. Significant differences were found across age groups in histological
grade, tumor size, molecular subtype, Ki67, carcinoembryonic antigen (CEA), and carbohydrate antigen 15-3 (CA15-
3) (all P<0.05). Disease-free survival (DFS) rates varied significantly across age groups, with differences in histologi-
cal grade, tumor size, molecular subtype, Ki67, CEA, and CA15-3 levels (P<0.05). Multivariate analysis revealed that
age (both young and elderly), pathological stage (stage Ill), and molecular subtype (triple-negative) are independent
risk factors for adverse prognostic events in breast cancer patients (P<0.05). Additionally, there was an interaction
between age and molecular subtype, with significantly increased prognostic risks for the triple-negative type in the
young (HR=21.418, P<0.05), human epidermal growth factor receptor 2 overexpression in the young (HR=11.216,
P<0.05), and luminal B in the elderly (HR=8.190, P<0.05). Conclusion: The clinical characteristics and prognosis
of breast cancer patients vary significantly by age group. Combining age with molecular subtype can optimize risk
stratification and provide a valuable reference for individualized treatment and prognosis management.
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Introduction group [1, 3], while the incidence among individ-
uals under 40 is relatively low [4]. Age is a criti-

Breast cancer remains the most prevalent and cal factor influencing breast cancer prognosis.

lethal malignancy among women worldwide,
with the highest standardized incidence and
mortality rates globally. In 2022, China report-
ed 357,000 new breast cancer cases and
75,000 deaths, accounting for 15.5% and
11.3% of the global totals for breast cancer
cases and deaths in women, respectively [1].
As lifestyle changes, reproductive patterns
evolve, and economic development acceler-
ates, the incidence of breast cancer has shown
a significant upward trend. Projections indicate
that by 2030, the number of newly diagnosed
cases in China will exceed 400,000, with
deaths surpassing 100,000 [2].

From an age distribution perspective, breast
cancer incidence peaks in the 45-65 year age

Studies indicate that young women with breast
cancer often face a more aggressive disease
with poorer outcomes [5-7], possibly due to
unfavorable biomarker status or pathological
features [8]. Additionally, elderly patients may
experience treatment limitations and reduced
tolerance due to age-related functional de-
cline and comorbidities. Hence, the impact of
age differences on breast cancer prognosis
deserves significant attention.

Moreover, breast cancer exhibits notable clini-
cal heterogeneity, including at the molecular
and genetic levels. Even with similar pathologi-
cal types and stages, genetic variations can
lead to divergent responses to treatment and
outcomes. However, most current studies on

https://doi.org/10.62347/SYRZ6952


http://www.ajtr.org
https://doi.org/10.62347/SYRZ6952

Clinical study of breast cancer

age stratification in breast cancer focus solely
on the effect of age, with relatively few explor-
ing the combined influence of age and other
clinical characteristics. Therefore, this study
aims to systematically analyze the clinical char-
acteristics of breast cancer patients across dif-
ferent age groups and investigate how the
interaction between age and other clinical fea-
tures affects prognosis. The goal is to provide
more accurate risk assessments and a founda-
tion for personalized treatment decisions in
clinical practice.

Materials and methods
Research subjects

This study is a retrospective cohort analysis,
including 105 breast cancer patients who
received comprehensive treatment at The First
People’s Hospital of Lin'an District, Hangzhou,
from January 2022 to December 2023.
Patients were continuously enrolled through
the hospital’'s electronic medical record sys-
tem. Based on the “Chinese Consensus
Guidelines for Breast Cancer in Young Women:
Clinical Practice and Fertility Preservation” [9]
and the World Health Organization’s age clas-
sification [10], patients were stratified into
three groups: youth (<40 years), middle-aged
(40-59 years), and elderly (=60 years). This
study was approved by the Ethics Committee of
The First People’s Hospital of Lin'an District,
Hangzhou.

Inclusion criteria: (1) Female patients with pri-
mary breast cancer diagnosed by pathology; (2)
Age >18 years; (3) Complete research data
available.

Exclusion criteria: (1) History of other malignant
tumors or coexistence with other malignancies;
(2) Non-primary tumors; (3) Bilateral primary
breast cancer; (4) Prior anti-tumor treatment;
(5) Rare pathological tissue types; (6) Severe
organ dysfunction (e.g., end-stage cardiovascu-
lar or cerebrovascular diseases, liver and kid-
ney failure); (7) Pregnant or lactating breast
cancer patients; (8) Loss to follow-up.

Sample size calculation

Based on pre-test data and literature, the esti-
mated disease-free survival (DFS) rates for the
youth, middle-aged, and elderly groups were
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65%, 85%, and 70%, respectively (p,, p,, P,)-
With a significance level of =0.05, a power of
80% (B=0.20), the required sample size was 68
cases. Considering a 20% attrition rate, at least
82 cases were needed. The formula used is as
follows:

n= (era/z + Zi'/:’)2 X [pl (1 - Di) *ps (1 - pz) + ps (1 - pe)]
(Pl - Pz)z + (pi - Ds)2 + (Pz - Ps)2

Data collection

Basic and treatment information: Data on age
at diagnosis, body mass index (BMI), menstrual
history (age of menarche, age of menopause),
reproductive history (number of deliveries, age
at first childbirth), and treatment modalities
(surgery, radiotherapy, chemotherapy, endo-
crine therapy, and targeted therapy) were
collected.

Pathological characteristics

Pathological characteristics included tissue
type, pathological stage, histological grade,
tumor size, molecular subtype, and immunohis-
tochemical markers (estrogen receptor [ER],
progesterone receptor [PR], human epidermal
growth factor receptor 2 [HER-2], Ki67, and
CD8+ T lymphocytes). Pathological diagnoses
were based on the 5th Edition of the
Classification Criteria for Breast Tumors (2019)
[11] by the World Health Organization.
Histological grading followed the Nottingham
Histological Grading System, and molecular
typing adhered to the 2019 St. Gallen
International Expert Consensus. Pathological
staging was based on the 7th Edition of the
American Cancer Society Handbook of Cancer
Staging. Tumor tissue specimens were ana-
lyzed using the immunohistochemical SP meth-
od. Two pathologists independently reviewed
all specimens using a double-blind approach,
assessing staining features and receptor
expression in tumor cells.

ER/PR criteria: Negative if nuclear staining is
<1%, positive if >21%.

HER-2 criteria: Negative if membrane staining
score is “-” or “+”, positive if “+++”; for “++7,
fluorescence in situ hybridization is performed:
gene amplification is considered positive, no
amplification is negative.
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hoc tests conducted using the

Bonferroni or Tamhane meth-

ods. Categorical data were

expressed as counts and per-

centages [n (%)], and compari-
sons were made using x? tests.

Ordinal data were analyzed

using the Kruskal-Wallis test.
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Figure 1. Age distribution characteristics.

Ki-67 criteria: Expression is determined by the
percentage of positive staining in tumor cell
nuclei; Ki-67 >14% is considered high expres-
sion, and Ki-67 <14% is low expression [12,
13].

Tumor markers

Approximately 5-10 mL of venous blood was
collected in the morning after an overnight fast,
and serum was isolated by centrifugation.
The levels of alpha-fetoprotein (AFP), carcino-
embryonic antigen (CEA), carbohydrate anti-
gens CA199, CA125carbohydrate antigen 15-3
(CA15-3), carbohydrate antigen 724 (CA724),
tissue polypeptide antigen (TPA), and human
epididymal protein 4 (HE4) were measured
using chemiluminescence.

Follow-up and prognosis analysis

The follow-up continued until December 2024,
with a median follow-up time of 24 months
(range 19-28 months). During this period,
adverse prognostic events (local/regional
recurrence, distant metastasis, contralateral
breast cancer, secondary primary tumors, and
mortality) were recorded. DFS was defined as
the time from pathological diagnosis to the first
occurrence of any of these events. If no event
occurred, patients were followed until the last
visit.

Statistical methods

Statistical analysis was performed using SPSS
26.0. For quantitative data with a normal distri-
bution, results were presented as mean #* stan-
dard deviation (X % s). One-way ANOVA was
used for comparisons when the data met the
homogeneity of variance assumption, with post
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Elderly group
(260 years old)

Survival analysis was conduct-
ed using the Kaplan-Meier
method, with DFS rates as-
sessed using the Log-rank
test. Cox regression was em-
ployed to identify factors influ-
encing DFS in breast cancer patients. Statistical
significance was set at P<0.05.

Results
Age distribution

The average age at diagnosis for the 105
patients was (52.74+10.79) years. The youth
group represented 12.38% (13/105), the mid-
dle-aged group 57.14% (60/105), and the
elderly group 30.48% (32/105), as shown in
Figure 1. The middle-aged group had the high-
est incidence rate.

Basic information and treatment characteris-
tics

Among the 105 patients, the distribution of
BMI was relatively balanced. Most patients had
a menarche age of >12 years. The proportion of
premenopausal patients was 49.52%, while
76.19% of postmenopausal patients were aged
51 or older. Most patients delivered 2-3 babies,
and the majority had their first childbirth at >23
years. The predominant surgical method was
modified radical surgery, with high acceptance
rates for chemotherapy and radiotherapy. Table
1 summarizes the treatment data.

Pathological characteristics by age stratifica-
tion

Significant statistical differences (all P<0.05)
were found in histological grade, tumor size,
molecular typing, and Ki67 expression across
age groups. The young group had the highest
proportion of poorly differentiated tumors,
while the elderly group had the highest propor-
tion of well-differentiated tumors. In terms of
tumor size, the young group had the highest
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Table 1. Characteristics of basic data and treatment data

Tumor markers by age stratifi-

cation

Data Case (n) Composition ratio (%)
Body mass index

<22 kg/m? 54

>22 kg/m? 51
Age of menarche

<12 years 29

>12 years 76
Age of menopause

Premenopausal 52

<51 years 25

>51 years 80
Number of deliveries

<2 11

2-3 77

>4 17
Age of first childbearing

<23 years 40

>23 years 65
Surgical method

Modified eradication technique 89

Non-modified eradication surgery 16
Chemotherapy

No 25

Yes 80
Radiotherapy

No 33

Yes 72
Endocrine therapy

No 47

Yes 58
Targeted therapy

No 79

Yes 26

Significant differences in CEA

51.43 and CA15-3 levels were ob-
48.57 served between the three
groups (both P<0.05). Pairwise
27.62 comparisons revealed no sig-
72.38 nificant differences in CEA be-
tween the youth and middle-
49.52 aged groups, or between the
23.81 youth and elderly groups (both
76.19 P>0.05). However, the middle-
aged group had significantly
10.48 lower CEA levels than the
73.33 elderly group (P<0.05). No sig-
nificant differences in CA15-3
16.19 were found between the mid-
dle-aged and young groups, or
38.10 between the middle-aged and
61.90 elderly groups (both P>0.05).
However, the young group had
84.76 significantly lower CA15-3 lev-
15.24 els compared to the elderly
group (P<0.05). Table 3 sum-
23.81 marizes the findings.
7619 Prognostic analysis by age
stratification
31.43
68.57 Among the 105 patients, 23
experienced adverse prognos-
44.76 tic events, including 11 cases
55.24 of local/regional recurrence,
14 cases of distant metasta-
75.24 sis, and 2 cases of second pri-
24.76 mary tumors. The DFS rate for

percentage of Tis-T2 tumors, while the middle-
aged group had the highest percentage of
T3-T4 tumors. The middle-aged group had the
highest proportion of luminal Atumors. The pro-
portions of luminal B tumors were similar
between the young and elderly groups. The
middle-aged and elderly groups had similar pro-
portions of HER-2 overexpression, while the
young group had a significantly higher propor-
tion of triple-negative tumors. The youth group
had 100% of tumors expressing Ki67 >14%,
while there was no marked difference between
the middle-aged and elderly groups. Table 2
provides detailed data.
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the youth group was 61.54%
(8/13), with an average surviv-
al time of 25.18 months and a median sur-
vival time of 24 months. The DFS rate for the
middle-aged group was 86.67% (52/60), with
an average survival time of 30.69 months. The
DFS rate for the elderly group was 68.75%
(22/32), with an average survival time of 27.01
months and a median survival time of 30
months, as shown in Figure 2. The cumulative
DFS rates showed that the youth group had the
lowest rate (Log-rank x°=8.316, P=0.016).
Pairwise comparisons indicated that the DFS
rate in the youth group was significantly lower
than in the middle-aged group (Log-rank
Xx?=6.508, P=0.011), and the DFS rate in
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Table 2. Pathological characteristics under different age stratification [n (%)]

Young group

Middle-aged group  Elderly group

Data (n=13) (n=60) (n=32) X7z P
Pathological tissue type 4.797 0.538
Invasive ductal carcinoma 11 (84.62) 44 (73.33) 21 (65.63)
Invasive lobular carcinoma 1 (7.69) 4 (6.67) 2 (6.25)
Carcinoma in situ 1 (7.69) 2(3.33) 2 (6.25)
Hybrid type 0 10 (16.67) 7 (21.88)
Pathological staging 2.161 0.732
I 4 (30.77) 12 (20.00) 5 (15.63)
Il 7 (53.85) 34 (56.67) 17 (53.13)
1] 2 (15.38) 14 (23.33) 10 (31.25)
Histological grading 7.344 0.025
Highly/moderately differentiated 3(23.08) 27 (45.00) 21 (65.63)
Low differentiation 10 (76.92) 33 (55.00) 11 (34.38)
Tumor size 6.866 0.032
Tis-T, 9 (69.23) 20 (33.33) 14 (43.75)
T, 4 (30.77) 26 (43.33) 12 (37.50)
T, 0 14 (23.33) 6 (18.75)
Molecular typing 12.447 0.038
luminal A type 0 16 (26.67) 5 (15.63)
luminal B type 7 (53.85) 23 (38.33) 17 (563.13)
HER-2 overexpression type 2 (15.38) 17 (28.33) 9 (28.13)
Triple-negative type 4 (30.77) 4 (6.67) 1(3.13)
ER/PR 0.903 0.637
() 6 (46.15) 21 (35.00) 10 (31.25)
(+) 7 (53.85) 39 (65.00) 22 (68.75)
HER-2 1.067 0.587
() 11 (84.62) 43 (71.67) 23 (71.87)
(+) 2 (15.38) 17 (28.33) 9 (28.13)
Kie7 9.858 0.007
<14% 0 20 (33.33) 11 (34.38)
>14% 13 (100.00) 40 (66.67) 21 (65.63)
HER-2 3.706 0.157
() 5 (38.46) 31 (51.67) 10 (31.25)
(+) 8 (61.54) 29 (48.33) 22 (68.75)
CD8+ 2.980 0.225
) 7 (53.85) 39 (65.00) 25 (78.13)
(+) 6 (46.15) 21 (35.00) 7 (21.88)

ER: estrogen receptor; PR: progesterone receptor; HER-2: human epidermal growth factor receptor 2; CD8+: CD8 positive T

lymphocytes.

the elderly group was significantly lower than
in the middle-aged group (Log-rank x°=
5.178, P=0.023). No significant difference in
DFS rate was observed between the youth
and elderly groups (Log-rank x2=0.439,
P=0.507).

7162

Prognostic analysis stratified by age and clini-
cal characteristics

Patients were classified into low- and high-val-

ue groups based on median CEA and CA15-3
levels. The low-value group included patients
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Table 3. Tumor marker levels in different age stratifications (X % s)

Data Young group (n=13)  Middle-aged group (n=60) Elderly group (n=32) F P

AFP (ng/mL) 28.01+10.32 27.39+9.87 31.03+9.80 1.480 0.232
CEA (ng/mL) 5.59+1.55 5.27+1.27* 6.64+1.60 9.849 <0.001
CA199 (U/mL) 37.50+6.47 40.50+4.84 39.08+4.20 2.373 0.098
CA125 (U/mL) 48.18+8.72 46.37+8.40 45.24+9.62 0.524 0.594
CA15-3 (kU/L) 37.35+5.19% 40.08+6.03 42.67+6.97 3.728 0.027
CA724 (U/mL) 32.47+8.68 29.92+7.28 27.44+7.33 2.337 0.102
TPA (U/L) 149.41+24.17 151.53+21.54 148.76+24.41 0.164 0.849
HE49 (pmol/L) 69.52+11.47 65.88+8.19 68.53+9.77 1.392 0.253

AFP: alpha-fetoprotein; CEA: carcinoembryonic antigen; CA199: carbohydrate antigen; CA125: carbohydrate antigen 125;
CA15-3: carbohydrate antigen 15-3; CA724: carbohydrate antigen 724; TPA: tissue polypeptide antigen; HE4: human epididy-
mal protein 4 (HE4); *: Compared with the elderly group, P<0.05.
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Figure 2. Kaplan-Meier survival analysis under different age stratifications.

The shaded part was 95% ClI.

with CEA <5.8 ng/mL and CA15-3 <40 kU/L.
No significant differences in the cumulative
DFS rate were observed across histological
grades, tumor sizes, molecular subtypes, Ki67,
CEA, or CA15-3 (all P>0.05). See Figure 3.
However, in the comparison of 9 subgroups,
significant differences in the cumulative DFS
rate were observed (P<0.05). The elderly group
had the lowest DFS rate and survival time in
subgroups with poorly differentiated tumors,
luminal B subtype, and low/high CA15-3
values. In subgroups with T3 stage, HER-2 over-
expression, Ki67 >14%, and low CEA values,
the DFS rate and survival time were lowest in
the youth group. Table 4 provides detailed
comparisons.

Analysis of prognostic influencing factors

Univariate Cox regression analysis revealed
that age, pathological stage, and molecular
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—— Youth group
— Middle-aged group
—— Elderly group

subtype were significant fac-
tors for unfavorable prognostic
events in Dbreast cancer
patients (P<0.05). Multivariate
Cox regression analysis identi-
fied age (both young and elder-
ly), pathological stage (stage
Ill), and molecular subtype (tri-
ple-negative) as independent
risk factors for adverse prog-
nostic events (all P<0.05), as
shown in Figure 4.

Impact of age and molecular
typing interaction on prognosis

The interaction between age
and molecular subtype signifi-
cantly influenced breast can-
cer prognosis (P<0.05). The risk of poor progno-
sis was significantly higher for young patients
with triple-negative type (HR=21.418, 95%
Cl: 4.762-36.428), young patients with HER-2
overexpression (HR=11.216, 95% CIl: 3.642-
20.530), and elderly patients with luminal B
type (HR=8.190, 95% Cl: 1.526-27.436), as
shown in Figure 5.

Discussion

The ongoing increase in breast cancer inci-
dence can be attributed to the combined effect
of multiple factors. In regions with higher eco-
nomic levels, breast cancer incidence tends to
be higher, which is closely linked to lifestyle
and behavioral patterns. Delayed childbearing,
reduced fertility rates, and lower breastfeeding
rates are well-established risk factors for
breast cancer [14]. Additionally, improvements
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onset and develop tailored
screening and prevention strat-
egies for different age groups
to effectively reduce the dis-
ease burden.

In this study, the age of diagno-
sis was primarily between 40
and 59 years, with a mean age
of 52.74 years, consistent with

the findings from the Cancer
Registration Center of China’s

annual report [16]. Among the
patients, the youth group
accounted for 12.38%, and the
elderly group for 30.48%. This
age distribution aligns closely
with reports from domestic
scholars [17, 18].

In the prognostic analysis, the
DFS rate in both the youth and

elderly groups was significantly
lower than that in the middle-
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aged group, which is consis-
tent with previous studies [19,
20]. This may be due to the
more aggressive tumor biology
in the younger group, charac-
terized by poorly differentiated
tumors, triple-negative sub-
types, and high Ki-67 expres-
sion. In the subgroup with T3
stage, HER-2 overexpression,

10 15 20 25 30 35 40 45
Survival time (months)

Figure 3. Kaplan-Meier survival analysis under different clinical feature
stratification. A: Analysis of different histological grades; B: Analysis of dif-
ferent tumor sizes; C: Analysis of different molecular typing; D: Analysis of
different Ki67; E: Analysis of Different CEA; F: Analysis of different CA15-3;
HER-2: human epidermal growth factor receptor 2; CEA: carcinoembryonic

antigen; CA15-3: carbohydrate antigen 15-3.

in living standards, often associated with lon-
ger life expectancies, are accompanied by a
rise in the incidence of breast cancer and
other malignancies, particularly with age. With
China’s rapid economic growth, the West-
ernization of lifestyles, and an aging popula-
tion, the incidence of breast cancer among
Chinese women has significantly increased,
with a trend toward younger ages at onset [15].
Given these factors, it is crucial to recognize
the distinct age distribution of breast cancer
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ER positivity, and high Ki-67
expression, the prognosis of
young patients was also rela-
tively poor. The “dormant”
nature of ER-positive breast
cancer cells contributes to a
longer recurrence risk, and
studies have shown that 7%
of ER-positive breast cancer
patients experience distant metastasis at the
time of first diagnosis [21]. A large international
study identified disseminated tumor cells
(DTCs) as an independent risk factor for bone
metastasis in early-stage breast cancer. DTC
detection was significantly associated with high
tumor grade, large tumor size, and HER-2 over-
expression [22]. Previous studies indicate that
luminal A and luminal B subtypes have the best
prognosis, and HER-2 overexpression patients
benefit from anti-HER-2 therapy [23]. However,
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Table 4. Prognostic analysis stratified by age combined with clinical characteristics

Survival time (months) DFSrate Log-rank

Factor 1 Factor 2 - P
Average value Median value (%) X
Histological grading (Highly/moderately differentiated) Youth 19.00 - 66.67 2.564 0.277
Middle-aged 30.65 - 85.19
Elderly 28.79 - 76.19
Histological grading (Low differentiation) Youth 25.65 - 60.00 T.477 0.024
Middle-aged 30.75 - 87.88
Elderly 21.86 27.00 54.55
Tumor size (Tis~T,) Youth 26.85 - 66.67 1.696 0.428
Middle-aged 30.37 32.00 85.00
Elderly 29.30 30.00 71.43
Tumor size (T,) Youth 19.33 21.00 50.00 6.090 0.048
Middle-aged 30.004 - 84.62
Elderly 24.25 - 66.67
Tumor size (T,) Middle-aged 29.85 - 92.86 2.806 0.094
Elderly 21.50 - 66.67
Molecular typing (luminal A type) Middle-aged 29.44 - 81.25 1.484 0.223
Elderly 22.60 - 60.00
Molecular typing (luminal B type) Youth 31.00 - 100.00 8.874 0.012
Middle-aged 31.32 - 91.30
Elderly 26.24 27.00 58.82
Molecular typing (HER-2 overexpression type) Youth 21.00 21.00 50.00 7.564 0.023
Middle-aged 32.00 - 100.00
Elderly 29.33 - 88.89
Molecular typing (Triple-negative type) Youth 19.00 17.00 0 2.519 0.284
Middle-aged 24.75 19.00 25.00
Elderly 25.00 - 100.00
Ki67<14% Middle-aged 30.05 - 85.00 0.911 0.340
Elderly 25.09 - 72.73
Ki67214% Youth 25.18 24.00 61.54 7.830 0.020
Middle-aged 30.96 - 87.50
Elderly 27.76 30.00 66.67
CEA (Low value) Youth 20.00 19.00 40.00 7.782 0.020
Middle-aged 30.50 32.00 86.49
Elderly 23.43 - 71.43
CEA (High value) Youth 27.60 - 75.00 2.723 0.256
Middle-aged 30.68 - 86.96
Elderly 27.43 30.00 68.00
CA15-3 (Low value) Youth 27.92 - 77.78 6.758 0.034
Middle-aged 31.69 - 93.75
Elderly 26.45 30.00 63.64
CA15-3 (High value) Youth 20.25 17.00 70.00 5.682 0.058
Middle-aged 29.69 - 93.75
Elderly 26.88 - 58.33

HER-2: human epidermal growth factor receptor 2; CEA: carcinoembryonic antigen; CA15-3: carbohydrate antigen 15-3.

elderly patients often exhibit elevated tumor
marker levels, such as CEA and CA15-3, sug-
gesting a higher tumor burden or more
advanced disease, which may contribute to a
poorer prognosis [24].

Multivariate Cox regression analysis demon-
strated that age (both young and elderly), path-
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ological stage (stage lll), and molecular subtype
(triple-negative) were independent risk factors
influencing the unfavorable prognosis of breast
cancer, consistent with previous studies [25-
27]. Additionally, the interaction between age
and molecular subtype significantly impacted
prognosis. The risk of adverse prognosis was
notably higher in young patients with triple-neg-
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Univariate cox regression Multivariate cox regression

Pvalue Hazard Ratio Pvalue Hazard Ratio

Age

Young 0.015 4.060(1.308-10.603) »0—« 0.037 4.942(1.104-15.117) - @——
Middle-age 1.000 I 1.000 .
Elderly 0.029 2.830(1.115-6.186) 0« 0.006 4.683(1.574-13.933) kcﬁ
Pathological staging
1 0.732 1.358(0.248-7.448) ﬁ 0.943 0.937(0.157-5.594) 0—<
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Figure 4. Cox regression analyses. HER-2: human epidermal growth factor receptor 2.
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Figure 5. The influence of the interaction between age and molecular typing on prognosis. HER-2: human epidermal
growth factor receptor 2.

ative breast cancer, young patients with HER-2
overexpression, and elderly patients with lumi-
nal B type. This can be explained by several
factors: young patients often lack typical clini-
cal manifestations, have unclear imaging fea-
tures, and possess high breast gland density,
making early tumor detection more challeng-
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ing. Furthermore, the sensitivity of imaging
techniques, such as molybdenum target imag-
ing, is relatively low in young patients [28, 29].
Additionally, young patients face age-related
challenges, including fertility concerns, psycho-
logical stress, and adjusting to social roles,
which can delay diagnosis and contribute to an
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increased psychological burden, ultimately
affecting prognosis. Notably, triple-negative
breast cancer is closely linked to hereditary
breast cancer susceptibility genes, such as
BRCA1, making it a key subtype for identifying
hereditary breast cancer [30]. Hereditary
breast cancer susceptibility is more common in
younger women, further exacerbating the poor
prognosis in young patients with triple-negative
breast cancer [31]. Studies have shown that
breast gland density decreases with age, and in
patients under 45 years, HER-2 overexpressing
tumors exhibit relatively higher density, sug-
gesting that young HER-2 overexpression
patients are more prone to developing more
aggressive tumors [32]. Luminal B breast can-
cer, more common in elderly patients, has sig-
nificantly higher cell proliferation activity than
Luminal A and is less responsive to endocrine
therapy. The options for subsequent treat-
ments after therapy failure are limited [33].
However, recent developments in antibody-
drug conjugates, such as T-DXd, have opened
new treatment possibilities for this subtype.
Hormonal imbalances play a key role in breast
cancer, and elderly patients, who are in a state
of estrogen imbalance, may have tumors that
grow more readily [34, 35]. While these two
subtypes generally have poor prognosis, the
effect of age on prognosis was more prominent
in young patients with triple-negative and
HER-2 overexpression, with no significant inter-
action between age and these subtypes in this
study.

In this study, a straightforward method for ana-
lyzing the interaction between age and molecu-
lar subtype was employed, revealing that this
interaction provides stronger risk stratification
than traditional single-factor analysis. Previous
studies have suggested that age independently
affects the prognosis of triple-negative breast
cancer (HR=1.48/HR=1.55) [36, 37]. However,
the HR for young triple-negative patients in this
study was as high as 21.418, indicating that
the interaction model can identify extremely
high-risk groups not captured by traditional
analyses. This nonlinear amplification effect
suggests a biological synergy between age and
molecular subtype. Unlike previous studies that
consider age as an independent factor, our
interaction model precisely targeted high-risk
subgroups and found no significant increase in
risk for other combinations.
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This study has several limitations. The sample
size of 105 cases may not fully represent the
characteristics of patients across different age
groups, and the results should be interpreted
with caution. The retrospective design intro-
duces information bias and makes it difficult to
control for confounding factors. The relatively
short follow-up period is not ideal for evaluating
long-term prognosis. Future research should
involve larger sample sizes, multi-center pro-
spective studies, longer follow-up periods, and
a deeper exploration of the biological mecha-
nisms behind the synergistic effect of age and
molecular typing, including gene expression
and the immune microenvironment. The clinical
value of this approach should be verified
through prospective cohorts, ultimately guiding
the optimization of treatment strategies tai-
lored to specific age and molecular subtypes of
breast cancer.

Conclusion

This study retrospectively analyzed 105 breast
cancer patients across different age groups,
highlighting the significant role of age in the
clinical characteristics and prognosis of breast
cancer. Multivariate analysis confirmed that
age (both young and elderly), pathological stage
(stage lll), and molecular subtype (triple-nega-
tive) were independent risk factors for progno-
sis. Additionally, the interaction between age
and molecular subtype was significant, with
particularly poor prognosis in young patients
with triple-negative type, young patients with
HER-2 overexpression, and elderly patients
with luminal B type. The age-molecular typing
stratification model developed in this study can
help identify high-risk subsets and support
more individualized management strategies for
different age groups. Prospective studies are
needed to verify whether this model can opti-
mize treatment decisions in the future.
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