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Abstract: Background: Invasive breast cancer (IBC) is the most prevalent neoplasm and the leading
cause of death in women worldwide. Young women under 40 years of age, despite their low
incidence, have different clinical-pathological characteristics than older women, giving them a
worse prognostic profile. Objective: To determine the association between risk factors associated
with MIC in young women in Michoacan. Methods: descriptive, observational, retrospective and
cross-sectional study that included 1178 patients <40 years of age with MIC diagnosed in the period
2015-2022 in a second-level hospital of the IMSS in Michoacan. Sample size at convenience, with
database registration, with the use of means, standard deviation, chi-square and Student's t-test, p
< 0.05 as an indicator of significance. Registration Number: R-2022-1602-025. Results: of 1178 cases,
12.1% were in young women, who had an increased risk of tumors > 2 cm (p = 0.02, 1.062-2.058),
ER-/RP- (p = 0.0067, 1.158-2.501) and triple negative (p = 0.0006; 1.377-5.563). Obesity III was
associated with larger tumors (P = 0.0028, 1.051-3.518), advanced TNM stages (P = 0.0445), and
greater tissue involvement (T3-T4, P = 0.0301). Conclusions: Breast cancer in young women in
Michoacan showed worse prognostic clinical profiles compared to older women.

Keywords: breast cancer; women; young adult; risk factors; TNM

1. Introduction

Invasive breast cancer (IBC) is the most prevalent neoplasm in women, with an estimated global
incidence in 2020 of over 2.2 million cases [1]. In Mexico, an incidence of 19.3% of new cases in young
women under 44 years of age was reported in 2022, which were mainly reported in the Mexican
Institute of Social Security (IMSS) [2]. In that same year, in the State of Michoacan, 564 new cases were
registered, more than double compared to 2020, with the municipalities of Morelia, Zamora, and
Uruapan being the most affected [3].

In Mexico, more than 65% of cases are diagnosed in advanced stages [4], which translates to
higher mortality, where more than 13% corresponds to young women [5]. This underscores the great
challenge that early identification of risk factors associated with the patient's clinical context
represents in our environment, such as: sex, age, age of menarche and menopause, age at first birth,
parity index, and breastfeeding [4,6]. For example, the age of diagnosis in Mexico occurs in younger
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women compared to what is reported in developed countries [7], and they have a higher prevalence
of poor prognosis tumors compared to older women [8], such findings have been a subject of our
investigative efforts as previously submitted by our team [9].

Another important risk factor is elevated body mass index (BMI) which, by itself, constitutes a
serious public health problem, with a higher incidence of IBC in Mexican women with overweight
and obesity (41% and 30%, respectively) [10], and a higher risk for poor prognosis tumors [8].
Additionally, endogenous exposure to estrogens, such as the age of menarche and menopause at
extreme ages, and its association with poor prognosis IBC [11,12]. These factors support the great
diversity of clinical behaviors and treatment responses that characterize this complex disease [13].

Other associated factors are those that derive from tumor characteristics, the number of affected
nodes, and distant metastases, which are classic prognostic factors integrated into systems for
classification to define prognosis, predictive value for treatments, and survival estimation. The above
recovers the relevance of early detection programs in the State of Michoacan, where understanding
their relationship is essential to develop effective risk assessment and detection strategies for different
age groups as has been implemented in other countries [14]; Therefore, this study sought to compare
clinical, pathological, and molecular findings between women younger and older than 40 years of
age in Michoacan.

2. Materials and Methods

This was a descriptive, observational, retrospective, and cross-sectional cohort study conducted
from January 2015 to December 2022 among beneficiaries of the IMSS at the Regional General
Hospital No. 1 (HGR1) in Morelia, Michoacan, Mexico. The study included 1,178 women over 18
years of age selected through a systematic convenience sampling approach, wherein all eligible
patients who met the inclusion criteria during the study period were consecutively enrolled. The
study followed STROBE (Strengthening the Reporting of Observational Studies in Epidemiology)
guidelines (Figure 1).

Women eligible with a diagnosis of IBC
Jan, 2015 - Dec, 2022
(n=1251)

Excluded, n=45
* Recurrent breast cancer, n= 37
* Concomitant breast cancer, n=8
1 - Ovarian cancer, n=1; Renal cancer, n=1;
Thyroid cancer, n= 1; Colon cancer, n=
1; Anaplastic ependymoma, n=1;
Humeral sarcoma, n=1
- Not specified concomitant cancer, n=2

Identification

Analyzed for inclusion
(n=1206)

Eliminated, n=28

* Not classified, n=8

* Without information, TX+NX,
n=20

Inclusion

Confirmed eligible, included in the study
(n=1178)

l

Information available for analysis

Clinical Information: Pathological Information:

+ Age, n=1178 * Histological classification, n=1178
* BMI, n= 902 * Histological grade, n= 1042

* Ageat menarche, n= 956 * Tumor size, n=1117

* Full-term pregnancy, n= 566 * Nodules, n= 1169

* Age at first pregnancy, n= 464 * Metastasis, n=1178

* Estrogenic Index, n= 1178 * Molecular classification, n= 726

Analysis

Figure 1. STROBE flowchart of the study population.
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Patients were excluded if their clinical records were incomplete or if they had received initial
treatment at another institution. Variables of interest were obtained through clinical record review:
age at diagnosis, BMI (weight and height), and gynecological-obstetric history. Young women were
defined as those aged 40 years or younger.

Variables of interest from the histopathological study included histological classification,
lymphovascular permeation, and tumor size in centimeters. For cases where surgical specimens were
obtained through mastectomy, quadrantectomy, tumorectomy, or excisional biopsy, these were
identified as pT. In cases diagnosed through fine-needle aspiration biopsy (FNAB), core needle
biopsy, sentinel lymph node biopsy, or core needle aspiration (CNA), tumor size was recorded based
on clinical and/or ultrasound findings, identified as cT. Metastatic nodes were determined in cases
with histopathological studies that included axillary extension of the breast. Distant metastasis was
determined through extension studies such as nuclear magnetic resonance and axial tomography in
selected cases as indicated by the oncologist.

Molecular studies for hormone receptor determination (estrogen and progesterone receptors),
HER?2, and Ki-67 were performed on tissue samples analyzed for initial diagnosis. These were
conducted as subrogated studies. Cases with missing molecular data were included in the general
analysis but excluded from molecular subtype analyses. Molecular subtypes were classified as
luminal A (ER+ and/or PR+, HER2-), luminal B (ER+ and/or PR+, HER2+), HER2 (ER-, PR, HER2+),
and TN (ER-, PR-, HER2-).

Data analysis included absolute values (n), simple frequencies (percentages), measures of central
tendency (arithmetic mean and median), lower and upper limits of values (LL-UL), measures of
dispersion (standard deviation), and position measures (quartiles and percentiles). Normality testing
was performed using the Shapiro-Wilk test. Based on normality results, differences between means
were determined using Student's t-test for normally distributed data and Mann-Whitney test for non-
normal distributions, while proportion comparisons used Chi-square test with odds ratio calculation
and 95% confidence intervals (95% CI). Sample size was calculated using a power analysis with o =
0.05 and B = 0.20, based on previously reported prevalence rates. A p-value < 0.05 was considered
statistically significant. Analysis was performed using GraphPad Prism statistical package version
10.1.1 (GraphPad Software, San Diego, CA, USA, www.graphpad.com).

This study was evaluated and approved by the IMSS Local Ethics and Health Research
Committee (R-2022-1602-025). All participants were informed of the research objectives and
participated freely.

3. Results

3.1. Clinical Characteristics of the Study Population

A total of 1178 cases with a mean age (SD) of 55.8 + 12.8 years (IQR 46-64, LL-UL of 24-94 years)
were included in the period 2015-2022 (Figure 2a), of which 142 (12.1%) were young women <40
years, with a mean age of 35.8 + 4.0 years (IQR 33-39) (Figure 2b). The most affected age group was
31-40 years old with 87.3% (124/142), with a higher concentration between 36 and 40 years old; while
in older women, a higher proportion of cases was observed in those aged between 51-60 years (335
cases, 28.4%).
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Figure 2. Distribution by year of diagnosis and age groups. Source: data collection sheet. Figure (a)
represents the frequency of cases (in percentage) according to the year of diagnosis, and Figure (b) indicates the

distribution of cases according to age group.

The mean BMI of the population was 28.9 +5.4 kg/m2 (IQR 25.2-32,
significantly higher in women >41 years (Table 1).

Table 1. General characteristics of the study population.

LL-UL of 14.4-49.4),

<40 years (n= >40 years (n=

Clinical variables 142) 780) RR (95%CI) p-value'
n/% n/%
Age* — years, mean (SD) 35.8+4.0 58.6 £ 11.0 - <0.0001*
BMIt— kg/m? mean (SD) 26.7+4.9 293 +54 - <0.0001*
3.79 (1.61 - .
<18.4 4/3.3 4/05 6.23) 0.0024
185-24.9 36/29.5 173/22.2 1'391 (907?7 B 0.0744
25.0-29.9 61/50.0 296 / 37.9 1‘5‘; (112‘;0 ©0.0114%
30.0-349 14/11.5 204 /26.2 0'42 (60;4 B 0.0004*
35.0-39.9 4/33 69/8.8 0.39(0.15 - 0.0360*
0.95)
0.59 (0.20 —
>40 3/25 34 /4.4 157) 0.3251
T
Age at Menarche' —years, 123+12 123+12 - 0.4454
mean (SD)
0.96 (0.38 —
<10 4/28 24/29 2.16) 0.9317
11-12 120/ 84.5 671/82.4 1.14(0.76 - 0.5461

1.75)
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5
>13 18/12.7 119/14.6 0.87(0.55 - 0.5420
1.35)
- - +__
Full-term gestations' —no,, 24+1.0 37424 - <0.0001*
mean (SD)
1.77 (115 —
Nulligest 21/22.3 58/12.3 ) (65)5 0.0102*
1.56 (1.08 — .
1-2 39/415 138/29.2 224) 0.0193
3_4 32/34.0 1677354 0P O6 - e
1.40)
0.09 (0.02 - X
>5 2/21 109/23.1 032) <0.0001
st 1 T,
Age at 1+ gestation® —years, 219+54 223+48 - 0.1440
mean (SD)
1.60 (1.03 —
1 42, 116/ 29.4 0363*
<19 29/42.0 6/29 245, 0.0363
63 (0.41 —
20-34 38/55.1 2607681 630 0.0348*
0.97)
112 (0.31
>35 2/29 10/25 319 0.8594
1 + 4
Breastfeeding! —months, 8.6+89 9.0+10.7 ; 0.9187
mean (SD)
1.32 (0.71 -
<6 13/34.2 66/ 27.4 239 0.3855
0.76 (0.42
>
>6 25/65.8 175/ 72.6 L4

1 Chi-square test unless otherwise specified. + Values presented as means and standard deviation, p-value
obtained with the unpaired Student's t-test, Mann-Whitney. * Statistical significance p-value < 0.05, in bold.
Abbreviations. BMIL: body mass index; RR: Relative risk; SD: standard deviation; 95%CI: 95% confidence interval.
Note: The percentages correspond to the total of the columns.

Both young women and those over 40 years of age had normal age at menarche, however, young
women with early menarche (<10 years of age) had a 4-fold increased risk of IBC (p=0.0202; RR 4.0;
95%ClI: 1.211-13.37). Of those with one or more gestations, their mean age of the population was 22.2
+5.19 years, with no differences between groups, with a greater number of nulls in those cases
younger than 40 years, and a protective effect was observed after the 5th child (p <0.0001, RR 2.560).

3.2. Pathological and Molecular Characteristics

The mean tumor size was 3.52 +2.96 cm (range: 0.1-30 cm), most of which were infiltrating ductal
carcinoma without specific pattern (CDI-SPE) with 79.4% of cases, followed by infiltrating lobular
carcinoma (ILC) with 8.7% (Table 2).

Table 2. Pathological factors associated with invasive breast cancer in young women.

<40 years >40 years (n= ~ Total (N=
Pathological variables  (n=142) 780) RR (95%CI) P L 1178)
value
n/% n/% n/%
T 17et —
fmol steet T ey 395+3.04 3.53+296 0.0285* 3.58 +2.97
mean (SD)
. A48 —
<2 45/32.8 418/42.2 0 6% (906)8 0.0374* 463 /41.0
1.30 (0.95 -
>2 92/67.2 573 /57.8 ( 665 /59.0

1.79)
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HG

HG1 23/184  164/17.9 1'031(506‘?7_ 0.8879 187/17.9
75 (0.54 —

HG 2 67/53.6  564/61.5 0 51((?5? 0.0898 631/60.6
1.42 (0.99 -

HG 3 35/28 189/20.6 22((?2?9 0.0592 224/215

Tumor TNM

T1-T2 98/715  742/74.1 0'891(206'?3_ 05173 840/73.8

T3-T4 39/285  259/259 1'121(;;9_ 298 /26.2

t___

Nodules TNM*—no., 5 /o 54,40 0.0142* 4.75+4.53

mean (SD)
1.77 (1.15 -

NO 55/41.4  441/487 2(65)5 0.0102* 496 /47.8

NI 42/31.6  241/26.6 1‘562(214?8_ 0.0193* 283/27.3
) 64—

NII 28/21.1 161/17.8 09513?0? 0.8039 189/18.2
0.09 (0.02 - <0.0001

NIII 8/6.0 62/6.9 0.32) . 70/ 6.7

Metastasis TNM
1.51 (0.85 -

M1 11/7.8 51/4.9 51(0.85 01576  62/5.3

2.54)

MO 131/923  985/95.1 0‘661(1059_ 1116 /94.7

TNM Stage

TA-TIA 63/48.1  517/525 0'861(1052_ 0.3441 580 /52.0
1.17 (0.85 —

TIB-IIIC 68/51.9  468/475 1(601;35 536 / 48.0

1 Chi-square test unless otherwise specified. t Values presented as means and standard deviation, p-value
obtained with the unpaired Student's t-test, Mann-Whitney. * Statistical significance p-value < 0.05, in bold. Note:
The percentages correspond to the total of the columns. Abbreviations. HG: histological grade; RR: Relative risk;
SD: standard deviation; 95%CI: 95% confidence interval.

Young women showed an increased risk of TN tumors (p=0.0110; RR 1,799; 95% CI 1.142-2.823),
while higher hormone receptor-positive (HR+) receptors were significantly associated with older
women (RR 1.2446; 95% CI 1,028-1,544), especially ER+ tumors (RR 1,555; 95% CI 1.168-2.051) and
Luminal B (p=0.0290; RR 1,390; 95% CI 1.033-1.908) (Table 3).

Table 3. Molecular factors associated with invasive breast cancer in young women.

<40 years >40 years Total (N=
Molecular Variables (n=142) (n=780) RR (95%CI)  p-valuet 1178)
n/% n/% n/%
ERt— % 32.5+40.3 40.7+27.5 0.0009* 72.95 +1.53*
ER- 40/435 173/27.3 1.85(1.27-2.70) 0.0014* 228 /30
ER+ 52/56.5 461/72.7 0.54(0.37-0.79) 533 /70
PRt — % 27.8+38.1 32.5+38.9 0.2895 57.82+1.87*
PR- 41/446 238/37.5 1.29(0.88-1.88) 466/ 61.2

.1954
PR+ 51/55.4 396/62.5 0.78 (0.53 -1.14) 0.195 295/38.8
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HR 0.0388*

ER+ / PR+ 49/583 376/59.9 0.95(0.63-1.42) 0.7871 446 / 58.6

ER- /PR~ 30/35.7 158/25.2 1.55(1.02-2.33) 0.0393* 208/27.3

ER+ /PR~ 3/3.6 79/12.6 0.28(0.10-0.01) 0.0151* 87/114

ER-/ PR+ 2/24 15/24 0.99(0.28-2.98) 0.9966 20/2.6
HER2

Positive 23/25.0 138/21.8 1.17(0.75-1.80) 0.4854 166 /22

Negative 69/750 496/782 0.86(0.56-1.33) 588 /78
Ki-67t— % 40.7+27.5 33.8+249 0.0588  34.44 +1.04*

Positive (>20%) 51/12.7 340/87.3 1.44(0.85-2.49) 0.1807  410/70.2

Negative (<20%) 15/8.6 151/914 0.69 (0.40-1.18) 174 /29.8
Molecular Subtype

Luminal A 43/46.7 398/62.8 0.57(0.39-0.83) 0.0032* 441/59.4

Luminal B 11/12.0 78/12.3 0.97 (0.54-1.70) 0.9246 89/12.0

HER2 12/13.0 60/9.5 1.36(0.77-2.30) 0.2830 81/10.9

Triple negative 26/283 98/155 191(1.26-2.85) 0.0023* 131/17.7

1 Chi-square test unless otherwise specified. t+ Values presented as means and standard deviation, p-value
obtained with the unpaired Student's t-test, Mann-Whitney. * Statistical significance p-value <0.05, in bold. Note:
The percentages correspond to the total of the columns, Ki-67 stands for Nuclear marker of cell proliferation.
Abbreviations. ER: Estrogen receptor; HER2: Human epidermal receptor 2; HR: Hormone receptors; PR:
Progesterone receptor; RR: Relative risk; SD: standard deviation; 95%CI: 95% confidence interval.

The most frequent histological grade was moderately differentiated with 58.9% of cases,
followed by high-grade (22.9%). Lymph node dissection was performed in 931 women, of whom
54.5% had nodules positive for neoplastic infiltration (mean of 4.75 +4.8 nodes), while 48.8% had
lymph node hyperplasia. Of the cases with lymph node metastases, 59.8% (116/463) had capsular
rupture and 40.2% had adipose infiltration.

A total of 66 women were found to have metastases at the time of diagnosis, with distribution
mainly to the lung and pleura with 29.6%, followed by bone with 19.4%. At diagnosis, most cases in
young women were identified in early stages, followed by locally advanced stages (Figure 3).

40
40

Frecuency (%)

1A 1A 1] 1A ms nc Y
TNM Stage

Figure 3. Distribution of cases according to TNM stage. Source: data collection sheet. The figure represents
the frequency of cases (in percentage) according to the TNM stage.

4. Discussion

Our study provides important insights into breast cancer characteristics among Mexican
women, with particular attention to age-related differences. The key findings demonstrate a mean
age of 55.8 years at diagnosis, with a notable prevalence of cases in young women (<40 years) that is
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threefold higher than international reports [15]. In Mexico, worse prognosis has been reported in
young women [16,17], likely due to different screening strategies in these age groups, leading to
delayed diagnosis and poorer outcomes. En nuestro estudio, la edad promedio fue de 55.8 afios, con
predominio de casos en mujeres >41 afos, lo cual coincide con otros estudios en México [18].

Age-related patterns in our population reveal significant clinical and molecular distinctions.
Young women presented with larger tumors and more aggressive features, including higher rates of
undifferentiated histology and triple-negative molecular subtypes. This finding aligns with previous
studies but highlights a particularly concerning pattern in our Mexican population, where the
prevalence of aggressive subtypes exceeds that reported in developed nations [19,20].

The relationship between BMI and breast cancer characteristics emerged as a significant factor
in our analysis. Women with BMI >30 kg/m?2 showed a 3.5-fold increased risk for larger tumors and
greater involvement of surrounding tissues (T3-T4), compared to those with normal weight. This
association with poor prognostic factors underscores the importance of weight management as a
modifiable risk factor in breast cancer outcomes [21,22].

Regarding reproductive factors, our findings challenge some previously reported associations.
While earlier studies suggested early menarche as a risk factor [11], our population showed age at
menarche within normal ranges. Furthermore, we found that multiple full-term pregnancies
conferred a protective effect in young women, supporting recent findings from our research group
and others [9,23]. This highlights the complex interplay between reproductive history and breast
cancer risk in different populations.

Most cases were diagnosed as infiltrating carcinomas, with IDC-NOS being the most frequent,
followed by ILC. The most common histological grade was moderately differentiated, followed by
high grade, where young women were more likely to present undifferentiated tumors. Based on this,
histological grade has been found to be a significant predictor of overall survival and cancer-specific
survival in breast cancer patients [24]. During our investigation, it was possible to investigate its
correlation with age and size, mostly because some studies report a statistically significant correlation
between histological grade, age, and tumor size when associated with ER, PR, and HER-2 positivity
[25], which confirms age-related heterogeneity [6].

The molecular profile analysis revealed distinct patterns across age groups. Older women
showed higher prevalence of hormone receptor-positive tumors, particularly estrogen receptor-
positive cases. In contrast, younger women exhibited higher rates of triple-negative tumors and,
unexpectedly, a protective effect against Luminal B subtypes compared to postmenopausal women.
This molecular heterogeneity by age supports the growing evidence for age-specific approaches to
breast cancer screening and treatment [26].

Disease staging and progression patterns in our cohort showed some distinctive features. Unlike
national reports indicating late-stage predominance [4], our population showed a higher proportion
of early-stage disease (IA-IIA). However, among young women who presented with metastatic
disease (n=66), we observed a different pattern of metastatic spread compared to previous reports,
with lung and pleural involvement predominating over bone metastases [27].

Limitations and Future Directions Several limitations should be considered when interpreting
our results. First, the retrospective nature of the study and reliance on medical records led to
incomplete clinical information for some parameters. Second, molecular typing was not available for
all confirmed cases, potentially introducing selection bias in our molecular subtype analysis. Third,
the single-center design may limit generalizability to other Mexican populations. Future prospective
studies with comprehensive molecular profiling and longer follow-up periods would help validate
these findings and explore their implications for clinical outcomes.

5. Conclusiones

Our research demonstrates significant heterogeneity between women under 40 years of age and
older women with breast cancer. Non-modifiable risk factors, particularly age, play a crucial role in
determining pathological and molecular characteristics associated with poor outcomes. Specifically,
our findings reveal that younger women face substantially higher risks related to larger tumor sizes,
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lymph node involvement, metastatic spread, and hormone receptor status. These correlations
highlight important age-dependent variations in disease presentation and progression.

The distinct pattern of disease characteristics in young women carries important implications
for clinical practice and public health strategies. Our observations suggest that current screening and
diagnostic approaches may need refinement to better serve this vulnerable population. Furthermore,
the higher prevalence of aggressive disease features in younger patients underscores the necessity
for age-specific risk assessment and management protocols.

These findings emphasize three critical areas for future development: (1) enhanced research into
age-specific risk factors and disease mechanisms, (2) optimization of early detection strategies for
young women, and (3) development of targeted interventions that account for age-related biological
differences. Understanding these age-dependent variations is essential for improving prognostic
accuracy, developing preventive strategies, and enhancing screening programs to address the unique
challenges faced by young women with breast cancer.
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