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Clinical, pathological, and molecular predictors of axillary lymph node
metastases in young women with breast cancer

KinrHnyky, maTonomky 1 MoIeKyJIapHu IPEAUKTOPH METACTa3a y aKCHJIApHUM

TUMGHUM YBOPOBUMA KOJ MJIAJMX JKEHA Ca PaKOM JI0jKe

SUMMARY

Introduction/Objective Breast cancer in women
shows more aggressive biological characteristics,
while the status of axillary lymph nodes remains the
most important prognostic factor. The aim of this
study was to determine the prevalence of axillary
lymph node metastases and to identify histological
and immunohistochemical predictors in patients
under 40 years of age with breast cancer.

Methods A retrospective cohort study that included
patients under 40 years of age with
histopathologically confirmed breast cancer who
underwent surgical treatment at the Department of
Oncological Surgery, Clinical Hospital Center
"Bezanijska kosa", between 2014 and 2024.
Results The study included 97 patients under 40
years of age (mean age 34.75 &+ 3.74 years). Axillary
lymph node metastases were identified in 48.5% of
patients, while sentinel lymph node biopsy was
positive in 26.8%. The most common molecular
subtype was Luminal B (53.6%). Luminal B tumors
were associated with younger age (p = 0.031) and
higher body mass index (p/= 0.007). HER2-positive
and triple-negative tumors were more often.of high
histological grade (p = 0.003) and larger tumor size
(p = 0.025), with a higher Ki-67 proliferation index
(p = 0.001): Positive axillary lymph node status was
significantly associated with Rh-positive blood type
(p =0.004), tumor size (p = 0.001), and mastectomy
(p =0.004).

Conclusion Breast cancer in women under 40 years
of age is characterized by marked biological
heterogeneity, with axillary lymph node metastases
significantly associated with larger tumor size and
more aggressive biological characteristics.
Keywords: breast cancer; biopsy; axillary lymph
nodes; molecular subtypes

INTRODUCTION

CAXKETAK

¥YBoa /Hnmb Pak nojke Kof KeHa MOKa3yje arpecuB-
HUje OMOJIOIIKE KapaKTePHCTHKE, TOK CTaTyC aKCH-
JapHUX TUM(HIX YBOPOBA OCTaje HajBaKHUjU MPOT-
HocTHukH (akrop. L{nis oBe cTynuje 6mo je ma ce yrt-
Bp/IM NpEBaJICHIM]a METacTa3a y akCUIapHuM JTUM -
HHUM YBOPOBUMA U JIa CE WACHTU(DUKY]Y XUCTOJIOMIKH
Y IMYHOXHCTOXEMH]jCKH MPEJUKTOPH KOJ OOJIECHHUIIA
minahux ox 40 ronuHa ca pakoM J0jKe.

MeTtone PeTpocriekTHBHA KOXOPTHA CTY/iHja KOja je
oOyxBaTmia 6onecuulie miahe ox 40 roauHa ca xuc-
TOTIATOJIOIIKH HOTBPEHIM PaKOM J0jKe KOje Cy IO~
JBPTHYTE XHPYPUIKOM Jieucy -Ha Onesbemy 3a OH-
KOJIOMIKY XUPYPTH]jy, KIMHIIKO-00THIYKOT [IEHTpa
,,bexaHnjcka koca®, mamehy 2014: 1 2024. rogune.
Pesyararu Cryamja je odyxBatmia 97 OonecHuIa
mirahux ox 40 ronuHa (Ipocedna crapoct 34,75 +
3,74 roaune). Meracrase y akcuiiapHUM JIMM(HUM
9BOpOBHMMa uaeHTH(UKOBaHE cy koj 48,5% Oonec-
HHIIA, JIOK je OMOIICHja CeHTHHEI JIMM(HUX YBOpOBa
6wa mo3uTHBHA Ko 26,8%. Hajuenthu monexynap-
HU noatun 6uo je Jlymunan b (53,6%). Jlymunanuu
b Tymopu Omim cy moBe3anu ca miahom crapomthy
(p = 0,031) u BUIIIM MHIEKCOM TelleCHe Mace (p =
0,007). HER2-NI03UTHBHH U TPOCTPYKO HETATHBHU
TyMOpH Cy deihie O1IM BUCOKOT XUCTOJIOIIKOT CTe-
nena (p = 0,003) u Behe BenmumHe TYMOpa (p =
0,025), ca BummmM Ki-67 namekcoM mnponudepanyje
(» =0,001). [To3uTHBaH cTaTyC aKCUIApHUX JIUMb-
HHUX YBOpOBa OMO je 3Ha4ajHO 1OoBe3aH ca RA-1mo3u-
TUBHOM KpBHOM rpynom (p = 0,004), Benu4uHOM Ty-
Mmopa (p = 0,001) u mactekTomujom (p = 0,004).
3aksbyuak Pak nojke xon sxeHa maahux on 40 rou-
Ha KapakTepHIle n3pakeHa OHOJIONIKA XeTePOreHo-
CT, TIPH YEMY Cy MeTacTa3e y aKCHJIapHUM JTMM(HIM
YBOPOBHMMa 3HAYajHO MOBe3aHe ca BefiloM BENMYNHOM
TyMOpa U arpeCUBHHUjUM OHOJIOIIKKM KapaKTepHCTH-
Kama.

Kibyune peun: pak nojke; Onorcuja; akcuiIapHH
JMM(HU YBOPOBH; MOJICKYJIAPHHU TTOITHIIOBH

Breast cancer is one of the most common malignancies in women, with an increasing frequency

in younger ages, already after the age of forty [1]. Although the incidence of breast cancer in

women younger than 40 years is lower than in older women [2, 3], the disease in this population
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often has more aggressive biological characteristics, including triple-negative and HER2-
positive subtypes, later diagnosis, and a poorer prognosis, with a higher risk of local recurrence
and distant metastases [4, 5]. Despite the reduction in overall mortality due to advances in early
detection and therapy, breast cancer in young women remains a significant clinical and public

health challenge [6].

Metastatic disease is the main cause of mortality in breast cancer, responsible for more than
90% of deaths [7]. The metastatic process is complex and includes epithelial-mesenchymal
transition, invasion, intravasation, survival in circulation, extravasation, and celonization of
target tissues [7]. These processes are influenced by the interaction of tumor cells with the
microenvironment, as well as specific signaling pathways that determine the organic tropism
of metastases, including frequent dissemination to bones, lungs, liver, and brain [8].
Understanding the mechanisms of metastasis has enabled the identification of biological

markers and the development of targeted therapeutic strategies [9].

The status of axillary lymph nodes is the most important independent prognostic factor in breast
cancer [10]. Metastasis even in one axillary lymph node significantly increases the risk of
distant disease and directly affects decisions on the application of adjuvant therapy [11].
Although the introduction of sentinel lymph node biopsy significantly reduced morbidity
compared to classic axillary dissection, this approach carries the risk of false-negative findings
[12]. Data show that a significant number of patients with a positive sentinel node do not have
additional residual axillary disease, which calls into question the routine application of

complete axillary dissection [13].

Recent randomized studies have shown that in selected patients with T1/T2 tumors and limited
involvement of sentinel lymph nodes, axillary dissection can be safely omitted with adequate

application of radiotherapy and systemic treatment, without jeopardizing oncological outcomes
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[14]. These findings emphasize the need to identify reliable clinical, pathological, and
biological predictors of axillary metastases in order to avoid unnecessary surgical

interventions.

To date, numerous factors have been identified as independent predictors of axillary lymph
node involvement, including tumor size, lymphovascular invasion, histological grade, and
molecular characteristics of the tumor [13, 15, 16]. Molecular subtypes of breast cancer further
allow for risk stratification, with luminal A tumors having the most favorable prognosis, while
luminal B, HER2-positive, and triple-negative cancers show a greater propensity for nodal and
distant spread [17, 18]. In addition, radiological methods, especially MR, 'show potential in
predicting axillary metastases, although their diagnostic accuracy is still'not sufficient to

replace histopathological evaluation [19-21].

The aim of the study was to.determine the frequency of axillary lymph node metastases in
women under 40 years of age with breast cancer and to examine the association of these

metastases with the histological and immunohistochemical characteristics of the tumor.

METHODS
Type of study, place, and period of research

This study was designed as a retrospective cohort study and included female patients under the
age of 40 with a histopathologically confirmed diagnosis of breast cancer who were surgically
treated at the Oncology Surgery Department of the "BeZanijska Kosa" Clinical Hospital Center

in the period from 2014 to 2024.
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All data used in the research were anonymized and encrypted, and the analysis was conducted
in accordance with the ethical principles of patient privacy protection. The study was approved
by the Ethics Committee and the Expert Council of KBC "Bezanijska Kosa." The research did

not use personal data that could lead to the identification of female patients.
Source and collection of data

Medical documentation, including electronic medical records from the hospital database used
in daily clinical work, was used as a data source. Data on demographic, clinical; surgical,
histopathological, and immunohistochemical characteristics of tumors were collected from the

available documentation.

The following parameters were analyzed: patient age, body weight (kg), body height (cm),
body mass index (BMI), categorized as underweight, normal body weight, overweight, and
obesity, blood group and Rh factor, affected breast (left/right), type of surgical intervention
performed (sparing operation or mastectomy), tumor size, histological type of tumor (ductal,
lobular, mucinous, medullary), histological grade (G1, G2, G3), estrogen and progesterone
receptor status (positive/negative), HER2 status (positive/negative), Ki-67 proliferative index,
and molecular subtype of breast cancer (Luminal A, Luminal B, HER2-positive, and triple

negative).

In addition, data on the status of lymph nodes were analyzed, including the performance and
results of sentinel lymph node biopsy (not performed/negative/positive), application of axillary
lymphadenectomy (not performed/negative/positive), the total number of removed and
histopathologically examined lymph nodes, the total number of positive lymph nodes, as well

as the number of positive sentinel and axillary lymph nodes.
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Statistical analysis

Statistical data processing was performed using the SPSS program package for Windows,
version 19. The level of statistical significance was set at p < 0.05. Final results are presented
as categorical variables (absolute and relative frequencies) and continuous variables (mean +

standard deviation).

Nonparametric tests were used to analyze differences between groups, including the y* (chi-
square) test for categorical variables, the Mann—Whitney U test for comparing two independent

groups, and the Kruskal-Wallis test for comparing multiple groups.

RESULTS

A total of 97 patients with breast cancer, younger than 40 years old, with an average age of
34.75 + 3.74 years, were‘included in the study. Most of the respondents were Rh positive
(81.4%) and blood type A (47.4%). The average body mass index (BMI) was 23.32 + 4.79,

with the largest number of female patients having a normal body weight (62.9%) (Table 1).

The left breast was most often affected (51.5%), and in most patients a sparing surgical
intervention was used (55.7%). Histopathologically, invasive ductal carcinoma predominated
(90.7%), with the most common histological grade being I1 (76.3%). Most tumors were positive
for estrogen (77.3%) and progesterone receptors (74.2%), while HER2 positivity was recorded
in 36.1% of patients. The most common molecular subtype was Luminal B (53.6%), followed

by Luminal A (23.7%), triple-negative (15.5%), and HER2-positive tumors (7.2%) (Table 2).

Sentinel lymph node biopsy was performed in 73.2% of patients, with positivity determined in

26.8%. Axillary lymph node dissection was performed in 57.7% of women, and axillary
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metastases were confirmed in 48.5%. In total, an average of 10.52 £+ 9.24 lymph nodes were
removed per patient, with an average of 2.16 + 3.63 positive nodes. Only positive sentinel
nodes were present in 6.2% of patients, only axillary nodes in 20.6%, while both sentinel and

axillary nodes were positive in 27.8% of subjects (Table 3).

Analysis in relation to molecular subtypes revealed that patients with Luminal B tumors were
statistically significantly younger compared to the Luminal A subtype (p = 0.031) and had a
higher BMI (p = 0.007). Luminal A and Luminal B tumors were significantly more often of
histological grade II, while HER2-positive and triple-negative tumors were predominantly of
high grade (p = 0.003). Tumor size was significantly smaller in Luminal A and Luminal B
subtypes compared to HER2-positive and triple-negative tumors (p = 0.025). The Ki-67 index
increased statistically significantly from Luminal A to triple-negative tumors (p =0.001) (Table

4).

When analyzing factors associated with axillary lymph node positivity, it was found that
axillary metastases are significantly more common in Rh-positive patients (p = 0.004), in larger
tumors (p = 0.001), and in patients who underwent mastectomy (p = 0.004). The number of
removed and positive lymph nodes was significantly higher in patients with positive sentinel

and axillary lymph nodes (p = 0.001) (Table 5).

DISCUSSION

Breast cancer in women under the age of 40 is a distinct clinical entity that differs from the
disease in the older population in terms of biological characteristics, patterns of spread, and
therapeutic challenges. In our study, the average age of female patients at diagnosis was in the

middle of the fourth decade of life, which is in accordance with previously published data
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indicating that in this age group the disease is often diagnosed during the reproductive period,

with significant long-term consequences for quality of life [22].

Anthropometric analysis in our sample showed that most patients had a normal body mass,
while significant differences in BMI were observed depending on the molecular subtype of the
tumor. In particular, it was observed that patients with Luminal B carcinoma had a higher BMI
compared to other subtypes, while patients with triple negative tumors had the lowest BMI
values. Although the relationship between body mass and tumor biology is complex and
insufficiently elucidated, previous studies indicate that metabolic status may influence the
hormonal environment and proliferative potential of tumors, particularly in hormone-

dependent subtypes [23].

In terms of localization and histopathological characteristics, in our study the left breast was
most often affected, and the dominant histological type was invasive ductal carcinoma, with
the predominant histological grade being II. This distribution is consistent with the findings of
previous studies examining breast cancer in younger women and confirms that, despite the
younger age, the basic histopathological features often follow the patterns seen in the general

population [22; 23].

Immunohistochemical analysis in our sample showed a predominance of hormone receptor-
positive tumors, with a significant proportion of HER2-positive and triple-negative cancers.
According to the molecular classification, Luminal B and Luminal A subtypes were most
frequently represented. Recent studies continue to demonstrate that Luminal B remains the
predominant molecular subtype among young women with breast cancer, supporting our

finding that more than half of the patients belonged to this molecular category [24, 25].

Analysis of molecular subtypes in our work showed clear differences in histological grade,

tumor size, and proliferative index. Luminal A and Luminal B tumors were more often in
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histological grade II and had smaller dimensions compared to HER2-positive and triple-
negative tumors, which were predominantly of higher grade. Contemporary studies have
confirmed that HER2-positive and triple-negative tumors are characterized by higher
histological grade, increased proliferative activity, and more aggressive biological behavior,

which is consistent with our findings [25-27].

The Ki-67 proliferative index in our study showed a statistically significant increase from
Luminal A to Luminal B, HER2-positive, and triple-negative tumors. Recent evidence
continues to support Ki-67 as an important marker of tumor aggressiveness and treatment
response, particularly in biologically heterogeneous breast cancers, which corresponds to the

progressive increase observed across molecular subtypes in our cohort [25].

When it comes to surgical treatment, breast-sparing surgery was more often applied in our
sample. Modern therapeutic concepts favor breast conservation when it is oncologically safe,
especially in younger patients, in whom aesthetic and psychosocial aspects are of particular
importance. At the same time, the decision on the scope of the surgical intervention must be
coordinated with the characteristics of the tumor and the status of the axillary lymph nodes.
The status of axillary lymph nodes is one of the most important prognostic factors in breast
cancer.. In our study, sentinel lymph node biopsy was used in most patients, while axillary
dissection was performed in part of the subjects, with a high percentage of confirmed axillary
metastases in that group. Recent prospective studies suggest that axillary surgery can be safely
de-escalated in carefully selected patients; however, the relatively high prevalence of axillary
metastases in our cohort indicates that young women still require careful axillary assessment

[26, 27, 28].

In our sample, axillary lymph node positivity was significantly associated with larger tumor

size and the choice of mastectomy as the surgical method. Several recent predictive models
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have identified tumor size as one of the strongest predictors of axillary lymph node

involvement, which is fully consistent with the results of our study [29].

Literature data additionally indicate that the frequency of lymphatic metastases differs among
molecular subtypes of breast cancer. Recent studies continue to demonstrate significant
differences in nodal involvement among molecular subtypes, emphasizing the biological
heterogeneity of breast cancer and the importance of individualized risk assessment[24]. These
data are in agreement with the findings of our study and confirm the heterogeneity of the

biological behavior of breast cancer in young women.

Overall, our results confirm that breast cancer in-women younger than 40 years is a
heterogeneous disease in which molecular subtype, histological characteristics of the tumor
and axillary lymph node status play a key role in the assessment of biological behavior and
planning of therapy. Similar conclusions have been reported in recent international and regional
studies, including data from Serbia, highlighting the persistent prognostic importance of
axillary lymph node status despite advances in molecular classification and systemic therapy

[30].

CONCLUSION

This retrospective cohort study showed that axillary lymph node metastases are common in
women younger than 40 years with breast cancer and are associated with adverse
histopathological and immunohistochemical tumor characteristics. Lymph node involvement
was particularly related to larger tumor size and more extensive surgical treatment, supporting
its role as an important indicator of local disease progression. These findings emphasize the

value of careful preoperative axillary assessment and molecular tumor classification in
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planning individualized treatment for young women with breast cancer. Further prospective

studies with larger patient cohorts are warranted to validate these findings.

Ethical compliance statement: We confirm that we have read the journal’s position on issues

involving ethical publication and affirm that work is consistent with those guidelines.

Ethical standards: All procedures performed in studies involving human participants were in
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and with the 1964 Helsinki declaration and its later amendments or comparable ethical
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Table 1. Sociodemographic and anthropometric characteristics of female patients

14

Variables Number Percentage

Malnutrition 9 9.3
Body mass index | Normal body weight 61 62.9
categories Excessive body weight 18 18.6

Obesity 9 9.3

Negative 18 18.6
RH Positive 79 31.4

A 46 47.4

B 16 16.5
Blood type AB 9 03

0 26 26.8
Parameters The minimum The maximum | Mean value £ SD
Age 22 40 34.75+3.74
Body weight 32 130 65.81% 14.30
Body height 150 185 167.92+6.77
Body mass index | 12.04 4245 23.32+4.79

SD — standard deviation; RH — Rhesus factor
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Table 2. Clinical, surgical, histopathological, and immunohistochemical characteristics of the
tumor

Variables Number (n) Percentage (%)
Breast The left 50 51.5
Right 47 48.5
Operation Economical 54 55.7
Mastectomy 43 44.3
Histopathological Ductal 88 90.7
finding Mucinous 2 2.1
Medullary 2 2.1
Lobular 5 5.2
Gradus of the tumor The first 2 2.1
Others 74 76.3
The third 21 21.6
Estrogen receptor Negative 22 227
Positive 75 77.3
Progesterone receptor | Negative 25 25.8
Positive 72 74.2
Her2 Negative 62 63.9
Positive 35 36.1
Luminal category Luminal A 23 23.7
Luminal B 52 53.6
HER2-positive 7 7.2
Triple negative 15 15.5
Parameters The minimum The maximum Mean value = SD
Tumor size 4 70 23.90 £ 12.96
Ki 67 percent 1 90 35.22+£3.17

SD - standard deviation; Her — human epidermal growth factor receptor;Ki_67 — marker of
proliferation Ki-67
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Table 3. Characteristics of removed sentinel and axillary lymph nodes in women under 40
years of age with breast cancer

Variables Number (n) | Percentage (%)
. They were not done 26 26.8
Sentinel glands Done 71 732
The result of the It was not done 26 26.8
sentinel gland Negative 45 46.4
examination Positive 26 26.8
. . . They were not done 41 42.3
Axillary dissection Done 56 577
The result of It was not done 41 42.3
examination of the Negative 9 9.3
axillary glands Positive 47 48.5
Only sentinels removed 41 42.3
Total number of - .
glands examined Sentmel. and axillary removed 30 30.9
Only axillary removed 26 26.8
Negative sentinel and axillary 44 45.4
.\ Sentinel only positive 6 6.2
Total positive glands Positive only axillary 27 27.8
Positive sentinel and axillary 20 20.6
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Table 4. Comparison of sociodemographic and clinical-pathological parameters according to
molecular (luminal) subtypes of breast cancer in women under 40 years of age

Variables Luminal A | Luminal B HE.RZ- Trlpl? p
enriched negative
Body mass index* 23.10+£3.09 | 24.41 £5.31 [ 2391 £4.68 | 19.64+3.36 |0.007
Malnutrition | 0 (0.0%) 5 (9.6%) 0 (0%) 4(26.7%)
Normal o o 0 0
Body mass index | body weight 15 (65.2%) |30 (57.7%) |5 (71.4%) 11 (73.3%) 0017
categories Excessive o o o 6 ’
body weight 8 (34.8%) 9(17.3%) 1 (14.3%) 0 (0.0%)
Obesity 0 (0%) 8(154%) | 1(14.3%) 0.(0.0%)
Histopathological | Ductal 22 (95.7%) | 45 (86.5%) | 7 (100%) 14 (93.3%) 0.461
finding The others 1 (4.3%) 7 (13.5%) 0 (0%) 1 (6.7%) )
The first 0 (0%) 2 (3.8%) 0 (0%) 0(0%)
gﬁi‘f of the Others 21 (91.3%) | 43 (82.7%) |3 (42.9%) 7 (46.7%) 0.003
The third | 2 (8.7%) 7(13.5%) |4 (57.1%) 8 (53.3%)
. 29.61 £ 20.35+
%
Tumor size 13.45 1032 26 +21.09 26.47 +£13.39 | 0.025
Ki 67 percent* 14.57 +4.24 ;Z;é = 49.29 +£20.09 | 53.67 £24.67 | 0.001
The result of the govg:s ot | 6 (26.1%) [-15(28.8%) |3 (42.9%) 2 (13.3%)
sentinel gland - '\egative = | 11 (47.8%) 1 22 (423%) [ 4(7.1%) | 8(53.3%) | "%
Positive 6(26.1%) | 15(28.8%) | 0(0.0%) 5(33.3%)
The result of It was not o o o o
examination of done 10 (43.5%) | 21 (40.4%) | 3 (42.9%) 7 (46.7%) 0373
the axillary Negative 0 (0.0%) 5(9.6%) 2 (28.6%) 2 (33.3%) ’
glands Positive 13 (56.5%) |26(50.0%) |2 (28.6%) 6 (40.0%)

*Continuous variable presented as mean + SD; Ki_67 — marker of proliferation Ki-67
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Table 5. Comparison of sociodemographic and clinical-pathological parameters in relation to
the status of sentinel and axillary lymph nodes in women under 40 years of age with breast

cancer
Variables Sentinel Axillary
Not Positive p Not Positive p
done/negative done/negative

Rhesus | Negative 15 (21.1%) 3 (11.5%) 0.221 15 (30%) 3 (6.4%) 0.004
factor Positive 56 (78.8%) 23 (88.5%) 35 (70%) 44 (93.6%)
Operation | Economical | 42 (59.2%) 12 (46.2%) 0.356 35 (70%) 19 (40.4%) | 0.004

Mastectomy | 29 (40.85%) 14 (53.8%) 15 (30%) 28 (59.6%)
Tumor size* 23.31+£12.78 | 25.50+13.58 | 0.348 19.92+10.24_| 28:13 +£14.26 | 0.001
Ki 67 percent* 33.97+£22.82 | 38.62+24.23 | 0.381 35.72£23.25 | 34.68+23.32 | 0.831
Total glands removed | 8.34 +8.54 16.46 £18.56 | 0.001 426+5.82 1717736 | 0.001
per woman*
Total positive glands per | 1.66 +3.84 3.54 +32.56 0.001 0.20£0.61 426+4.30 | 0.001
woman*
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