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Purpose: This study aimed to evaluate differences in tumor characteristics, molecular subtypes, and surgical approaches between
elderly (=70 years) and younger (<70 years) breast cancer patients.

Patients and Methods: This retrospective, single-center study analyzed 120 breast cancer patients (99 younger, 21 elderly) treated
surgically between 2020 and 2025 at Istanbul Aydin University, Turkey. Tumor characteristics and surgical management related data
were analyzed to compare two age groups. Statistical analyses included t-tests, chi-square tests, and Fisher’s exact tests.

Results: Elderly patients presented with significantly larger tumors (3.91+0.56 vs 2.81+0.35 cm, p<0.05), higher T4 disease
prevalence (19.05% vs 3.37%, p<0.05), and greater metastatic burden (7.90+6.06 vs 3.54+4.49 metastases, p<0.05). SLNB was
performed significantly more frequently in younger patients (90.9%) compared to elderly patients (71.4%, p < 0.05). Elderly patients
underwent axillary dissection in 57.1% of cases compared to 33.3% in younger patients. Advanced tumors (T3+T4) were more
prevalent in elderly patients with Luminal B HER2-positive (33.3% vs 0%, p<0.0001) and Luminal B HER2-negative (37.5% vs 8.3%,
p<0.05) subtypes. Surgical management differed significantly between groups: mastectomy was performed more frequently in elderly
patients (57.14% vs 31.31%, p<0.05), whereas breast-conserving surgery was less common (42.9% vs 67.7%, p<0.05).
Conclusion: These findings demonstrate important differences in disease presentation and surgical management between age groups
in Turkey, where breast cancer screening ends at age 69. The absence of screening detection in elderly patients, combined with their
advanced disease presentation, highlights the need for further investigation with larger, multicenter cohorts to evaluate optimal
screening strategies for women beyond age 69.
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Introduction

Breast cancer is the most commonly diagnosed cancer in the world, with approximately 2.3 million new cases per year.' In
addition, breast cancer accounts for about 30% of all newly diagnosed cancers in women.” In Turkey, breast cancer accounted
for 23.9% of cancers recorded among women in 2020.'~ Although age is one of the main risk factors for developing breast
cancer, the global increase in life expectancy has been associated with a rise in breast cancer incidence among older women.
According to Globocan 2020 data, 20% of breast cancer cases and 50% of breast cancer-related deaths occur in women over
the age of 70."! Moreover, mortality rates are higher in breast cancer cases over the age of 65, and the incidence continues to
increase until the age of 80.*

International guidelines provide differing recommendations regarding breast cancer screening in women aged 70
years and above. The American Cancer Society recommends that mammographic screening should continue in women
who are in good health and have a life expectancy of at least 10 years, without setting an upper age limit.” Similarly, the
American College of Radiology and the Society of Breast Imaging advise annual mammography starting at age 40 and
do not advocate for a specific upper age limit.° In contrast, in the United Kingdom, women are routinely invited for
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mammographic screening every three years between the ages of 50 and 71, after which they are not automatically invited
but may self-refer if they wish.” Similarly, the Dutch National Breast Cancer Screening Programme invites women aged
50—75 years for biennial mammography, with no automatic invitations beyond the age of 75.® In Turkey, the National
Breast Cancer Screening Program offers free mammography for women aged 40—69 years. The program ends at the age
of 69, and no specific recommendations exist for breast cancer screening in individuals aged 70 and above.’

Research conducted in Turkey demonstrates that locally advanced breast cancer rates are substantially higher (18.4%)
compared to developed countries (5%)”'° Women aged >60 years show twice the rate of declining clinical examination
compared to younger women.'' Furthermore, the majority of breast cancers in Turkey (67%) are detected symptoma-
tically rather than through screening, with only 21.8% diagnosed during opportunistic mammography.’

Dr. Ozmen’s analysis of 13,240 Turkish breast cancer patients found that Stage III breast cancer was diagnosed in
19% of women under 40 years of age, decreased to 13% in the 50—-59 age group and 12.7% in those aged 60—69 years,
then increased in patients aged 70 years and older.'? Additionally, the Turkish breast cancer screening program currently
covers only 20-30% of the target population, with the majority of breast cancers being diagnosed at advanced stages.'*

Cappellani et al documented that elderly breast cancer patients experience more frequent diagnostic delays and poorer
outcomes related to reduced screening participation, delayed diagnosis, under-treatment, and comorbidities.'* In Turkey,
where the National Breast Cancer Screening Program ends at age 69, the clinical and pathological characteristics of
breast cancer in women aged 70 and older have not been systematically compared to those in younger patients.

Age-related differences in breast cancer molecular subtypes have been documented, although patterns vary across
populations. Studies from different geographic regions and healthcare systems have reported divergent molecular subtype
distributions with aging, suggesting that these patterns may be influenced by population-specific genetic factors,
screening practices, or biological selection processes.'>"”

In this comparative study, we aimed to evaluate differences in tumor characteristics, molecular subtypes, and surgical
approaches between younger (<70 years) and elderly (=70 years) breast cancer patients.

Materials and Methods

Ethics Approval

This retrospective study was conducted in accordance with the ethical standards of the institutional and national research
committee and with the 1964 Helsinki Declaration and its later amendments. The study protocol was approved by the
Ethical Committee of Istanbul Aydin University (approval number: 124-2025). No interventions or changes to patient
care were made for the purposes of this research.

Patient Selection and Study Design

This retrospective study included patients who underwent surgical treatment for breast cancer at the Department of
General Surgery, Istanbul Aydin University Faculty of Medicine, between January 2020 and April 2025. All patients
underwent clinical breast examination, radiological imaging (mammography and/or ultrasound), and core needle biopsy
prior to surgery. While some patients were selected through screening mammography, the majority presented sympto-
matically with a palpable breast mass.

Screening procedures in our clinic consisted of clinical breast examination (CBE) followed by digital mammography
using standard craniocaudal and mediolateral oblique views. For patients referred from external centers after screening
mammography, the screening modality was consistently digital mammography. Patients with suspicious findings on
mammography underwent supplementary breast ultrasound for further characterization.

Patients were stratified into two age groups, younger (<70 years) and elderly (>70 years), to investigate age-
associated differences in tumor characteristics and surgical management approaches.

Figure 1 presents the clinical presentation for both age groups. A total of 120 patients included 99 younger patients (<70
years) and 21 elderly patients (>70 years). Palpable breast lump was the most common clinical presentation in both groups,
presenting in 82 patients aged <70 years and 20 patients aged >70 years. Nipple discharge was observed in 2 younger patients and
was not reported in the elderly group. Breast pain was documented in 3 patients aged <70 years and 1 patient aged >70 years.
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Figure | Clinical presentation of breast cancer patients stratified by age group. Comparison of presenting symptoms and screening detection between patients <70 years
(n=99) and 270 years (n=21).

Among younger patients (<70 years), 12 patients were diagnosed through screening mammography, either at external centers
(n=2) or at our clinic (n=10). None of the elderly patients (=70 years) were diagnosed through screening mammography.

All treatment plans were reviewed in a multidisciplinary oncology board comprising specialists in general surgery, medical
oncology, radiation oncology, nuclear medicine, and radiology. Patients eligible for neoadjuvant chemotherapy received it
according to board recommendations; others proceeded directly to surgery based on updated clinical and radiological findings.

All surgeries were performed by the same surgical team. Depending on tumor characteristics and patient-specific
factors, either breast-conserving surgery or mastectomy was performed. Sentinel lymph node biopsy (SLNB) was carried
out in eligible cases, and if metastasis was detected, axillary lymph node dissection followed. In patients unsuitable for
SLNB, primary axillary dissection was performed.

Data Collection and Analysis
Tumor Characteristics
Tumor diameter measurements were standardized to centimeters and validated through a systematic data cleaning algorithm to
ensure consistency across measurements. Primary tumors (T stage), regional lymph nodes (N stage), and distant metastasis
were evaluated according to the American Joint Committee on Cancer (AJCC) TNM classification system.

T stages were categorized as TO (no evidence of primary tumor), Tis (carcinoma in situ), T1, T2, T3, or T4 based on
clinical and pathological assessments. Advanced tumors were defined as T3 and T4 stages combined.

Lymph Node Status and Metastasis Assessment
Lymph node involvement was classified according to standard N stage definitions: NO (no regional lymph node
metastasis), N1mi (micrometastasis, approximately 0.2 mm to 2.0 mm), N1 (metastasis to 1-3 axillary lymph nodes),
N2 (metastasis to 4-9 axillary lymph nodes), and N3 (metastasis to >10 axillary lymph nodes).

Lymph node metastatic status was additionally classified into a binary categorical variable for some analyses: “None”
(including negative findings, zero positive nodes, and explicitly documented absence of metastasis) and “Metastasis”
(including micrometastasis and any documented positive nodal disease).

Molecular Subtypes

Molecular subtypes were classified into five categories: Luminal A, Luminal B HER2-negative, Luminal B HER2-positive,
HER2-enriched, and Triple-negative/basal-like. Classification was based on estrogen receptor (ER), progesterone receptor
(PR), HER?2 status, and Ki-67 expression levels determined from immunohistochemical analysis of surgical specimens.

Surgical Management Assessment
Seven key surgical management strategies were analyzed: breast-conserving surgery, mastectomy, sentinel lymph node
biopsy (SLNB) performed, SLNB not stained, SLNB negative, SLNB positive, and axillary dissection. Breast-conserving
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surgery and axillary dissection were recorded as positive when documented as “yes” in patient records. Mastectomy was
identified when the term “mastectomy” appeared in the surgery description. SLNB status was categorized as performed,
not stained, negative, or positive based on specific terminology in clinical documentation.

Statistical Analysis

All statistical analyses were performed using Python 3.9 with SciPy (version 1.8.0) and pandas (version 1.4.2) libraries.
Statistical significance was defined as p<0.05 throughout all analyses, with significance levels reported as p<0.05,
p<0.01, or p<0.001 where appropriate.

Distribution Analysis

The distribution of continuous variables was assessed for normality using the Shapiro—Wilk test. For normally distributed
data with equal variances (determined by Levene’s test), Student’s f-test was employed to compare means between
groups. When normality was confirmed but variance equality was not, Welch’s t-test was utilized. For non-normally
distributed data, the non-parametric Mann—Whitney U-test was applied.

Categorical Data Analysis

For categorical variables, differences in distributions between age groups were assessed using Pearson’s chi-square test.
When expected cell counts were less than 5 in contingency tables, Fisher’s exact test was applied instead. For 2x2 tables,
p-values were calculated using the two-sided Fisher’s exact test.

Advanced Analyses

For the molecular subtype analysis, either comparisons of metastasis counts between age groups within each subtype
employed the independent #-test (for normally distributed data) or the Mann—Whitney U-test (for non-normally dis-
tributed data) based on prior normality assessment.

Advanced tumor rates were calculated as the percentage of T3+T4 tumors within each molecular subtype for both age
groups. Absolute differences in rates between age groups (=70 minus <70 years) were computed for each subtype. In
addition to Fisher’s exact test, a binomial test was performed to assess whether the proportion of advanced tumors in the
older age group was significantly greater than expected based on the younger age group’s rate.

For the forest plot analysis, 95% confidence intervals for the difference in proportions were calculated using the
standard error formula.

Data Visualization

All visualizations were created using Python with Matplotlib (version 3.5.2) and Seaborn libraries. Figures were
generated with scientific publication quality with clearly labeled axes, defined legends, and appropriate resolution for
print publication.

Age groups were consistently differentiated by color and hatching patterns (light blue with circular hatching for <70
years, aquamarine with cross-hatching for >70 years) across all figures. Error bars representing the standard error of the
mean were included where appropriate to illustrate data variability. Statistically significant differences (p<0.05) between
groups were denoted with horizontal lines and corresponding p-value annotations.

Bar charts for displaying percentage distributions within TNM categories and surgical management strategies used
visually distinct colors and patterns for each age group. Forest plots showing differences in advanced tumor rates
between age groups included corresponding 95% confidence intervals and appropriate statistical annotations.

Missing Data Handling

Given the retrospective nature of this study utilizing surgical and pathological records, some variables had missing data.
The completeness rates were as follows: age (100%, 120/120), surgical procedure (100%, 120/120), tumor size (96.7%,
116/120), T stage (91.7%, 110/120), molecular subtype (95.8%, 115/120), and axillary management procedures (100%,
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120/120). We employed complete-case analysis, whereby cases with missing data for a specific variable were excluded
only from analyses involving that variable.

Results
This retrospective, single-center study analyzed 120 breast cancer patients (99 younger, 21 elderly) treated surgically
between 2020 and 2025 at Istanbul Aydin University, Turkey. Tumor characteristics and surgical management related
data were analyzed to compare two age groups.

Table 1 summarizes the key comparative findings between age groups. Patients in the elderly group (=70 years) had
a mean age of 74.6 + 4.7 years compared to 50.9 + 9.7 years in the younger group (p<0.001). Elderly patients presented
with significantly larger primary tumors (3.91 + 0.56 cm vs 2.81 £ 0.35 cm, p<0.05) and a higher prevalence of T4
disease (19.05% vs 3.37%, p<0.05). Among patients with metastatic disease, the elderly group demonstrated
a significantly higher mean metastasis count (7.90 = 6.06 vs 3.54 + 4.49, p<0.05). Surgical management patterns differed
significantly between groups, with sentinel lymph node biopsy performed less frequently in elderly patients (71.4% vs
90.9%, p<0.05), while axillary lymph node dissection was more common in this group (57.1% vs 33.3%, p<0.05).

Tumor Size Differences Between Age Groups

In Figure 2A, analysis of tumor size revealed significant differences between age groups. Elderly patient group (=70
years) presented with notably larger primary breast tumors compared to younger patient group (<70 years), with mean
tumor diameters of 3.91 = 0.56 cm and 2.81 £ 0.35 cm, respectively (p < 0.05).

Relationship Between Tumor Diameter, Age, and Metastatic Status
In Figure 2B, further stratification by metastatic status demonstrated a consistent pattern of larger tumor diameters in
older patients within both metastatic categories. In patients without metastasis, mean tumor diameter was 2.10 +£ 0.17 cm
in the younger patient group compared to 2.85 + 0.38 cm in the elderly group. This difference was more pronounced in
patients with metastasis, where mean tumor diameters were 3.76 + 0.83 cm and 5.08 = 1.00 cm for younger and elderly
patients, respectively.

The largest disparity was observed between younger patients without metastasis and elderly patients with metastasis,
with the elder patient group exhibiting tumors more than twice the diameter of the younger patient group (2.10 = 0.17 cm
vs 5.08 £ 1.00 cm, p < 0.01).

TNM Classification Analysis by Age Group

T Stage Distribution

In Figure 3A, analysis of T stage distribution revealed statistically significant differences between age groups
(Fisher’s exact test, p = 0.0528). The younger group (<70 years) demonstrated a predominance of T1 (42.70%) and
T2 (48.31%) tumors, which together accounted for 91.01% of cases in this age group. In contrast, the elderly group

Table 1 Summary of Key Findings by Age Groups (<70 Vs 270 Years)

Variables <70 Years (n=99) | =70 Years (n=21) | p-value
Age, years, Mean + SD 509 £ 9.7 74.6 £ 47 p<0.001
Tumor Size (cm), Mean + SD 2.81 +0.35 391 £ 056 p<0.05
T4, n (%) 3 (3.37%) 4 (19.05%) p<0.05
SLNB Performed, n (%) 90 (90.9%) 15 (71.4%) p<0.05
Metastasis Count (among metastatic patients), Mean + SD | 3.54 + 4.49 7.90 * 6.06 p<0.05
Axillary dissection performed, n (%) 33 (33.3%) 12 (57.1%) p<0.05

Abbreviations: SD, standard deviation; SLNB, sentinel lymph node biopsy.
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Figure 2 Comparison of primary breast tumor size between age groups and metastatic status. (A) Mean tumor diameter (cm) comparison between younger (<70 years)
and elderly (270 years) breast cancer patients. (B) Mean tumor diameter stratified by both age group and metastatic status. Blue bars represent patients <70 years; green
bars represent patients 270 years.
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Figure 3 TNM classification parameters across age groups in breast cancer patients. (A) Distribution of T stage by age group. (B) Nodal status distribution by age group.
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(>70 years) showed a more varied distribution with notably higher proportions of T4 tumors (19.05% vs 3.37%, p <
0.05) and carcinoma in situ (Tis) (4.76% vs 1.12%). T2 tumors remained relatively consistent between age groups
(47.62% in older vs 48.31% in younger patients). T3 tumors occurred at similar rates in both groups (4.49% in
younger vs 4.76% in older patients), while T1 tumors were more common in younger patients (42.70% vs 23.81% in
older patients).

Nodal Status

Nodal involvement patterns differed between age groups, although the difference did not reach conventional
statistical significance (Fisher’s exact test, p = 0.0838) (Figure 3B). Notably, younger patients exhibited a higher
proportion of NO disease (66.33% vs 50.00% in older patients), indicating a greater likelihood of node-negative
status. Micrometastasis (N1mi) was observed in 6.12% of younger patients with no corresponding cases docu-
mented in the elderly group. The elderly group demonstrated a higher prevalence of N2 disease (20.00% vs 7.14%
in younger patients) and N3 disease (15.00% vs 4.08% in younger patients). N1 disease showed similar distribu-
tion between the groups (16.33% in younger vs 15.00% in older patients).

Analysis of Metastasis

Figure 3C illustrates the distribution of metastasis counts by age group among patients presenting with metastatic disease.
Statistical analysis revealed a significant difference in metastatic dissemination between age groups (p < 0.05). Elderly
patients (>70 years) demonstrated higher metastatic involvement compared to younger patients (<70 years), with mean
metastasis counts of 7.90 £ 6.06 and 3.54 + 4.49, respectively.

Surgical Management Analysis by Age Group
In Figure 4, analysis of surgical management strategies revealed distinct patterns between younger (<70 years) and older
(>70 years) breast cancer patients.

Breast Surgery Type Distribution

In Figure 4A, analysis of breast surgery types revealed statistically significant differences in surgical approach between
age groups (p = 0.029). Breast-conserving surgery (BCS) was the most common procedure in both groups. BCS was
performed in 68.7% (n=68) of younger patients and 47.6% (n=10) of elderly patients. Mastectomy rates remained
comparable between age groups (16.2%, n=16 in younger vs 14.3%, n=3 in elderly patients). Modified radical
mastectomy was performed significantly more frequently in the elderly group (38.1%, n=8) compared to the younger
group (15.2%, n=15) (p = 0.029).

Sentinel Lymph Node Biopsy Status

Figure 4B demonstrates the distribution of sentinel lymph node biopsy (SLNB) procedures and outcomes across age groups.
SLNB was performed significantly more frequently in younger patients (90.9%, n=90) compared to elderly patients (71.4%,
n=15, p = 0.025). Among cases where SLNB was performed but lymph nodes were not stained, rates were similar between
groups (6.1%, n=6 in younger vs 9.5%, n=2 in elderly patients, p = 0.628). SLNB-negative results were observed in 62.6%
(n=62) of younger patients compared to 38.1% (n=8) of elderly patients (p = 0.051). SLNB-positive results were comparable
between age groups (22.2%, n=22 in younger vs 23.8%, n=5 in elderly patients, p = 1.000).

Axillary Dissection Analysis
In Figure 4C, axillary lymph node dissection rates differed significantly between age groups (p = 0.049). Elderly patients
underwent axillary dissection in 57.1% (n=12) of cases compared to 33.3% (n=33) in younger patients.

Tumor Laterality Distribution
Figure 4D illustrates the distribution of tumor laterality across age groups. No statistically significant differences were
observed in tumor location between younger and elderly patients. Left-sided tumors were slightly more common in the
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Figure 4 Surgical management strategies by age group. (A) Distribution of breast surgery types comparing breast-conserving surgery, mastectomy, and modified radical
mastectomy between age groups. (B) Sentinel lymph node biopsy (SLNB) status showing rates of SLNB performed, not stained, negative, and positive results. (C) Axillary
lymph node dissection rates. (D) Tumor laterality distribution including right, left, and bilateral cases.
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elderly group (61.9%, n=13) compared to the younger group (48.5%, n=48, p = 0.338), while right-sided tumors showed
the opposite pattern (48.5%, n=48 in younger vs 38.1%, n=8 in elderly patients, p = 0.473). Bilateral breast cancer was
rare and observed only in younger patients (3.0%, n=3), with no cases documented in the elderly group (p = 1.000).

Distribution of Molecular Subtypes by Age Group

In Figure 5, the distribution of breast cancer molecular subtypes differed notably between age groups. In patients under
70 years of age, Luminal A was the predominant subtype (34.41%), followed by Luminal B HER2-negative (29.03%).
Conversely, in the elderly group (>70 years), Luminal B HER2-negative was the most common subtype (42.11%),
representing a 13.08 percentage point increase compared to the younger group.

Luminal A tumors were significantly less frequent in elderly patients (21.05% vs 34.41% in younger patients). The
prevalence of Luminal B HER2-positive and HER2-overexpression subtypes was slightly higher in the younger groups
(13.98% vs 10.53% and 10.75% vs 10.53%, respectively). Triple-negative breast cancers were more common in elderly
patients (15.79%) compared to younger patients (11.83%).

Molecular subtyping classification utilized a Ki67 threshold of 14.0% for distinguishing between Luminal A and
Luminal B HER2-negative categories, in accordance with current consensus guidelines. The observed differences in
molecular subtype distribution between age groups suggest potential age-related biological variations in breast cancer,
which may have implications for treatment approaches and prognosis.

Mean Metastasis Count by Molecular Subtype and Age

Figure 6 illustrates the comparison of mean metastasis counts across five major molecular subtypes (Luminal A,
Luminal B HER2-, Luminal B HER2+, HER2-enriched, and Triple-negative/basal-like) stratified by age groups (<70
years vs >70 years). Overall, patients in the elderly group (=70 years) demonstrated higher mean metastasis counts
compared to the younger group (<70 years) in most molecular subtypes.

50
<70 years
270 years
42.1%
40
34.41%
g 20 | 29.03%
[
[®)]
S
c
3 21.05%
) ]
& 20
15.79%
13.98%
11.83%
10.53% 10.75%  10.53%
10
0 ; '
’ X Q X °
& & g 4 &
o ‘2\ <(/ 0":: o)
& 4 X ) N
o > %Q’ @.‘Q g
é'\\(\ L W &.&\Q
N s o
o > v
Q{o
Molecular Subtype

Figure 5 Distribution of breast cancer molecular subtypes by age group. Bar chart comparing the percentage of molecular subtypes between patients <70 years (blue) and
270 years (green). Molecular subtyping utilized a Ki67 threshold of 14.0% for distinguishing between Luminal A and Luminal B HER2-negative categories, in accordance with
current consensus guidelines. HER2: human epidermal growth factor receptor 2.
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Figure 6 Mean metastasis count by molecular subtype and age group in breast cancer patients. Bar graph comparing the average number of metastases between younger
(<70 years, blue bars) and elderly (270 years, green bars) patients across five molecular subtypes.

In the Luminal A subtype, elderly patients exhibited a substantially higher mean metastasis count (2.50 £+ 5.00)
compared to younger patients (0.42 + 0.87, p=0.87). The Luminal B HER2- subtype showed more comparable
distributions between age groups, with mean counts of 3.08 + 5.40 in younger patients and 3.63 + 5.68 in elderly
patients (p=0.73). Notably, the Luminal B HER2+ subtype demonstrated significantly higher metastasis counts in the
elderly group (9.33 + 9.71) compared to the younger group (0.77 + 1.54, p<0.05).

A similar pattern was observed in the HER2-enriched subtype, where elderly patients showed a mean metastasis
count of 5.50 £+ 3.54 compared to 0.91 + 2.07 in younger patients. In contrast, the Triple-negative/basal-like subtype
exhibited the lowest mean metastasis counts in both age groups, with comparable values between younger (0.36 = 0.67)
and elderly patients (0.33 + 0.58, p=1.00).

Distribution of Advanced Tumors by Age Group and Molecular Subtype
In Figure 7, analysis of advanced tumor (T3+T4) distribution across molecular subtypes revealed notable age-related
differences.

In Figure 7A, the percentage of advanced tumors in Luminal B HER2-negative was significantly higher in the elderly
group (37.5%) compared to the younger group (8.3%, p<0.05). Similarly, Luminal B HER2+ positive showed a markedly
higher rate in elderly patients (33.3%) versus younger patients (0%, p<0.0001). The HER2-enriched subtype also
demonstrated a substantial difference between elderly (50.0%) and younger patients (22.2%), although this did not
reach statistical significance (p=0.395). Conversely, both Luminal A and Triple-negative/basal-like subtypes showed no
advanced tumors (0%) in elderly patients compared to low rates in younger patients (3.0% and 11.1%, respectively).

Figure 7B illustrates the absolute differences in advanced tumor rates between age groups (>70 minus <70 years) with
95% confidence intervals. The most pronounced differences were observed in Luminal B HER2-positive (+0.333),
Luminal B HER2-negative (+0.292), and HER2-enriched (+0.278) subtypes. Conversely, the proportion of advanced
tumors was lower in elderly patients for Luminal A (—0.030) and Triple-negative/basal-like (—0.111) subtypes, with p =
1.000 for both.
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Statistical analyses revealed significant age-related disparities in the prevalence of advanced tumors within specific
molecular subtypes. Statistical analyses demonstrated that the proportion of advanced tumors was significantly higher in
elderly patients with Luminal B HER2-negative (p < 0.05) and Luminal B HER2-positive (p < 0.0001) subtypes
compared to their younger group.

Discussion

In this comparative study, we aimed to evaluate differences in tumor characteristics, molecular subtypes, and surgical
approaches between younger (<70 years) and elderly (=70 years) breast cancer patients. We found that elderly breast
cancer patients (=70 years) in Turkey present with more advanced disease, larger tumors, and higher metastatic burden
than younger patients. However, Turkey’s National Breast Cancer Screening Program terminates at age 69 with no
specific guidance for women aged 70 and above.

A comprehensive systematic review of global breast cancer screening guidelines demonstrates considerable variation
in recommendations for women aged 70 years and above. The review analyzed over 20 international guidelines and
found that many organizations recommend continued screening beyond age 70 based on individual life expectancy rather
than chronological age cutoffs. Several countries, including the United States, Australia, and some European nations,
emphasize shared decision-making between clinicians and patients, with continued screening recommended for women
in good health with an estimated life expectancy of at least 10 years.'®

The American College of Radiology and the Society of Breast Imaging recommend annual mammography starting at
age 40 and do not recommend for a specific upper age limit as well as cit the mortality reduction benefits of continued
screening.'® Similarly, the American Cancer Society does not propose an upper age limit for screening mammography.
Instead, it recommends continued screening for healthy older women with a life expectancy of at least 10 years.>* In
contrast, Turkey’s National Breast Cancer Screening Program ends at age 69 without guidance for women aged 70 and
above, representing a more restrictive approach compared to other national guidelines.'®

Our findings align with those reported by Bertozzi et al, who observed significantly different tumor characteristics in
women aged >70 years compared to younger cohorts. Bertozzi et al found T4 tumors in 4.12% of patients aged >70 years
versus 0.92% in those aged 45-69 years (p < 0.001), representing a 4.5-fold increase.”’ Our data demonstrate both
a similar pattern and a markedly higher prevalence, with T4 tumors occurring in 19.05% of elderly patients (>70 years)
compared to 3.37% in younger patients (<70 years), representing a 5.7-fold increase (p < 0.05).

Regarding axillary staging approaches, both studies document age-related disparities in sentinel lymph node biopsy
utilization. Bertozzi et al reported SLNB rates of 63.57% in patients aged 45—69 years versus 59.60% in those >70 years.”' Our
findings reveal a more pronounced disparity, with SLNB performed in 90.9% of younger patients (<70 years) compared to
71.4% of elderly patients (=70 years, p=0.025). Furthermore, complete axillary lymph node dissection (CALND) patterns
illustrate age-related surgical disparities. Bertozzi et al documented CALND rates of 36.43% in patients aged 45-69 years
versus 40.40% in those >70 years. Our study demonstrates a larger differential, with elderly patients undergoing axillary
dissection in 57.1% of cases compared to 33.3% in younger patients (p=0.049). This substantial difference representing
a 23.8 percentage point increase in our elderly cohort versus a 3.97 percentage point increase in the Italian cohort, suggests that
Turkish elderly patients present with more advanced nodal disease requiring extensive axillary surgery. Combined with our
finding of larger primary tumors and higher T4 rates, these data show that the absence of screening after age 69 may contribute
to more advanced locoregional disease requiring more axillary dissection.

Our observation of increased tumor burden in elderly patients is consistent with findings from a recent French
multicenter study. In an analysis of 528 patients aged >70 years with triple-negative or HER2-positive breast cancer,
Houvenaeghel et al reported that tumor size >50mm increased from 6.6% in the 70—74 age group to 13.3% in those >80
years (p<0.0001). Similarly, axillary lymph node macrometastases increased from 21.8% to 33.6% across these age
groups (p=0.010).%* These findings parallel our results showing mean tumor diameters of 3.91 + 0.56 ¢cm in patients >70

years versus 2.81 £+ 0.35 c¢cm in those <70 years (p<0.05).
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Molecular Subtype Comparison

Our findings regarding molecular subtype distribution in elderly breast cancer patients both align with and diverge from
the Jenkins et al analysis. Luminal A subtype distribution increased progressively with age from 18% (ages 21-39) to
32% (ages 60—69), and peaked at 39% in elderly patients >70 years.'” However, our study demonstrated a converse
pattern, with Luminal A prevalence decreasing from 34.41% in patients <70 years to 21.05% in patients >70 years.

Luminal B subtype distribution increased progressively with age from 12% (ages 21-39) to 28% (ages 60—69), and
peaked at 32% in elderly patients >70 years.'” However, our study demonstrated a more complex pattern when stratified
by HER2 status. Luminal B HER2-negative prevalence increased substantially from 29.03% in patients <70 years to
42.11% in patients >70 years, while Luminal B HER2-positive prevalence decreased from 13.98% in patients <70 years
to 10.53% in patients >70 years.

HER2-enriched subtype distribution remained relatively stable across age groups, ranging from 12% to 16%, with
11% observed in elderly patients >70 years.'” Similarly, our study demonstrated comparable HER2 overexpression
prevalence between age groups, with 10.75% in patients <70 years and 10.53% in patients >70 years.

Basal-like subtype distribution decreased dramatically with age from 44% (ages 21-39) to 16% (ages 60—69),
reaching 9% in elderly patients >70 years.'” In contrast, our study demonstrated a converse pattern, with triple-
negative breast cancer prevalence increasing from 11.83% in patients <70 years to 15.79% in patients >70 years.
These contrasting and similar patterns in molecular subtype distribution in breast cancer between our Turkish cohort
and the Jenkins et al study'’ highlight potential population-specific differences that warrant further investigation.

In our study, none of the elderly patients (=70 years) were diagnosed through screening mammography, compared to
12.1% of younger patients. All elderly patients presented symptomatically, predominantly with palpable breast masses
(95.2%). Compared to younger patients (<70 years), elderly patients (=70 years) presented with more advanced disease
characteristics: significantly larger mean tumor sizes (3.91 cm vs 2.81 cm, p<0.05), higher proportions of T4 tumors
(19.05% vs 3.37%, p<0.05), and greater metastatic burden (mean 7.90 vs 3.54 metastases, p<0.05). While multiple
factors may influence presentation patterns in elderly patients, the lack of organized screening access beyond age 69 in
Turkey represents a potential contributor to delayed diagnosis in this population. These findings warrant further
investigation into the role of screening cessation in disease presentation among elderly patients.

Historically, radical or modified radical mastectomy was the preferred treatment for elderly patients, mainly due to
uncertainties regarding their tolerance to adjuvant therapies. As a result, BCS was less frequently chosen by both patients
and clinicians.”> However, recent trends show a shift toward increased use of BCS even in the elderly population.”*?* In
our study, we found that mastectomy was performed more frequently in elderly patients and this was statistically
significant (p<0.05). Among patients over 70 years of age, 47.6% underwent BCS, and 52.4% underwent mastectomy.
All patients tolerated surgical treatment well, and there were no significant delays in initiating adjuvant therapies. In our
cohort, 47.6% of elderly patients underwent BCS with good surgical tolerance, demonstrating the feasibility of both

surgical approaches in this age group.

Limitations

This study has several important limitations that should be considered when interpreting the findings. First, the retro-
spective single-center design limits the generalizability of results to broader populations with different healthcare systems
and sociodemographic characteristics. The relatively small sample size in the elderly group (n=21) may have limited
statistical power to detect differences in some subgroup analyses, and the predominance of externally referred patients in
this group may not fully represent the breast cancer spectrum in elderly women in community.

Detailed screening history data were not systematically available in our retrospective surgical database. This includes
individual screening frequency (annual vs biennial), adherence to screening protocols, and intervals between screenings
prior to diagnosis. For patients referred from external centers, we had no access to their individual-level screening
histories or compliance patterns.

Second, detailed geriatric assessment data, including comorbidity profiles, functional status, cognitive function, and
estimated life expectancy, were not systematically collected in our retrospective surgical database. The absence of
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standardized geriatric assessment tools, such as the Comprehensive Geriatric Assessment (CGA), Activities of Daily
Living (ADL) scales, or the G8 screening tool, represents an important limitation.

Third, several potentially important confounding variables, including tumor grade, socioeconomic status, educational
level, distance to healthcare facilities, and psychosocial support systems, were not systematically evaluated. These factors
may independently influence both disease presentation and treatment choices.

Fourth, long-term outcome data, including overall survival, disease-free survival, and quality of life measures, were
not available. Therefore, we cannot assess whether the different surgical approaches employed across age groups resulted
in different clinical outcomes or patient satisfaction.

Fifth, our study was not designed to evaluate screening effectiveness or address the important issue of overdiagnosis,
which requires population-level longitudinal data as demonstrated by Bleyer and Welch.*®

Sixth, the retrospective nature of our surgical database limited available demographic data to age and sex. The
absence of socioeconomic variables (education, income, insurance status) and other demographic factors that may
influence cancer presentation and surgical management decisions represents an important limitation.

Seventh, the low rates of missing data (<10% for all variables) and we acknowledge this as a limitation in our study.
Despite these limitations, this study provides valuable insights into the clinical characteristics and management patterns
of elderly breast cancer patients in Turkey and highlights the need for reconsideration of age-based screening cutoffs.

Future Directions

Future research should address these limitations through prospective, multicenter studies incorporating comprehensive geriatric
assessments and long-term follow-up data to better inform treatment guidelines for elderly breast cancer patients. Such studies
should evaluate long-term outcomes including overall survival, disease-free survival, and quality of life measures.

Some international guidelines provide frameworks for population-based screening programs, most rely primarily on
chronological age. The development of validated decision-making algorithms integrating chronological age, functional
status, comorbidities, and life expectancy could guide individualized screening and treatment recommendations.
Collaboration between surgical oncologists, geriatricians, and patient advocates will be essential to implement age-
appropriate, patient-centered breast cancer care that optimizes both survival and quality of life in elderly women.

Conclusion

Our findings demonstrate important differences in disease presentation and surgical management between age groups in
Turkey, where breast cancer screening ends at age 69. The absence of screening detection in elderly patients, combined with
their advanced disease presentation, raises important questions about the appropriateness of age-based screening cutoffs.
While acknowledging the limitations of our single-center design and small elderly cohort, these observations support the need
for larger multicenter studies to evaluate optimal screening and management strategies for women beyond age 69.
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