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Abstract

Aim: Axillary lymph node metastasis (ALNM) is a prognostic determinant of breast cancer (BC) and influences the treatment decision. Our 
study aimed to determine the factors associated with ALNM in BC and to accurately evaluate the ALN status with imaging methods while 
determining the treatment modality.

Methods: Patients (n=417) who underwent BC surgery in our clinic were included. Patient’s axillary ultrasound (AUS), magnetic resonance imaging 
(MRI), 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG-PET/CT) reports and immunohistochemical 
data were collected for analysis.

Results: ALNM was found in 59.7% (n = 249) of the patients. Invasive ductal carcinoma (IDC), invasive lobular carcinoma (ILC), lymphovascular 
invasion, and perineural invasion were found to be associated with ALNM (p<0.001). Tumor histological type was found to be the factor 
affecting true/false positivity or true/false negative of AUS, MRI, 18F-FDG-PET/CT (p<0.01, p=0.012, p=0.006).

Conclusion: Premenopause, IDC, ILC, and the presence of LVI or PNI are factors that increase the risk of ALNM. MRI is the most reliable to 
accurately predict ALNM, followed by AUS and 18F-FDG-PET/CT. If the tumor type is IDC and ILC, AUS and MRI may be superior in predicting 
ALNM positivity. All three imaging modalities may be reliable in accurately predicting axilla negativity in other tumor types.
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Introduction

Breast cancer is among the most common cancers worldwide and the 
second most common cause of cancer-related death in women. Early 
diagnosis and use of aggressive multimodal treatment options have 
resulted in a reduction in mortality and morbidity in recent years.1,2 
However, despite all developments, axillary lymph node (ALN) status 
remains the most important prognostic factor in staging, treatment, 
prognosis, recurrence, and survival in breast cancer.3

Until recently, axillary lymph node dissection was standard in 
patients with axillary lymph node metastases (ALNM), and then 
the sentinel lymph node biopsy (SLNB) method became standard 
in clinically node-negative patients. However, SLNB is also an 
operation and preoperative recognition of ALNM is essential in 
determining the treatment modality. Ultrasoundguided fine needle 
aspiration cytology (FNAC) or tru-cut biopsy (tru-cut Bx)is another 
option for suspected ALNs during diagnosis. However, it is an 
invasive procedure and sometimes leads the patient to the wrong 
treatment option due to false negatives or loss of time with repeat 
biopsies.3-6

Apart from nodal involvement, tumor size, hormone receptor 
(HR) status, and histological grade are other prognostic factors 
to predict the course of breast cancer, and numerous other 
clinicopathological factors and novel molecular markers have been 
investigated to improve treatment response and prognosis.7

Estrogen receptor (ER) is expressed in 50-80% of breast cancer 
tissues, and ER expression is the main indicator of potential 
response to endocrine hormone therapy (EHT). Progesterone 
receptor (PR) is an ER regulatory protein, and PR expression in 
breast cancers has been used to predict ER functionality.8 Human 
epidermal growth factor receptor 2 (HER2) is overexpressed or 
amplified in ~25% of breast cancer patients and is associated with 
poor clinical outcomes if not treated appropriately with HER2-
targeted therapies.9

Molecular subtypes are based on ER/PR/HER2 oncogene expression 
and the Ki-67 index. Detecting the molecular subtype of breast 
cancer is important for determining the prognosis and treatment 
of the disease. HER2 overexpressed and triplenegative subtypes 
have poor prognosis, whereas luminal A and B subtypes have 
better prognosis.10

This study has two purposes. The primary aim is to evaluate 
histopathological and immunohistochemical markers that may affect 
ALNM. The second aim of the study is the diagnostic value of axillary 
ultrasonography (AUS), magnetic resonance imaging (MRI), and 
18F-fluorodeoxyglucose-positron emission tomography/computed 
tomography (18F-FDG-PET/ CT) in determining the status of axillary 
lymph nodes. May immunohistopathological features of the tumor 
affect the diagnostic values of imaging methods?

Materials and Methods

Patients diagnosed with breast cancer treated at our hospital 
between January 2016 and June 2021 were evaluated 
retrospectively. After anamnesis and physical examination, 
patients who applied to our clinic with breast complaints were 
screened with breast and axillary ultrasonography under 40 years 
of age and mammography and breast and axillary ultrasonography 
over 40 years of age. In the daily practice of our clinic, AUS is 
routinely performed together with breast ultrasonography (USG) 
for the evaluation of axillary lymph nodes. Breast MRI was added 
to imaging modalities of highrisk patients. USG-guided tru-cut 
biopsy was performed from suspicious masses detected in the 

breast in imaging methods, and USG-guided FNAC or tru-cut 
biopsy was performed from suspicious lymph nodes. According 
to the pathology results, patients diagnosed with breast cancer 
underwent breast MRI to evaluate multicentric foci, contralateral 
breast and axillary lymph nodes, and 18F-FDG-PET/CT to search 
for distant metastases.

The imaging of breast cancer patients at the time of initial 
diagnosis was included in the study. AUS, breast MRI, and PETCT 
images of these patients at the initial diagnosis stage were 
examined. The patients were divided into two groups, those with 
and without axillary lymph node metastasis, based on the status of 
axillary metastases with Tru-cut Bx & FNAC or preoperative SLNB/
axillary dissection. The effects of age, sex, menopausal status, 
tumor histology, tumor size, histological grade, multicentricity, 
lymphovascular invasion, perineural invasion, ER, PR, HER2, Ki67 
status, and molecular subtype were evaluated in both groups.

The molecular type was performed as follows: luminal A (ER+ or 
PR+ and HER2-), luminal B (ER+ or PR+ and HER2+), and HER2 
-amplified (ER- and PR- and HER2+). A tumor is defined as triple-
negative when it is negative for all three of the ER, PR, and HER2.7

Patients with distant metastases at the time of diagnosis were not 
included in the study, and post-neoadjuvant imaging of patients 
who received neoadjuvant chemotherapy was not included.

We analyzed our patient series’ histopathological and 
immunohistochemical data that may affect the axillary lymph 
node metastasis. Secondly, to more accurately detect axillary 
lymph node status at the time of diagnosis, we tried to identify 
histopathological and immunohistochemical markers that affect 
the reliability and correct positivity/ negativity rates of AUS, MRI, 
18F-FDG-PET/CT.

Ethical Approval
This study was approved by the Ethics Committee of Kanuni Sultan 
Süleyman Training and Research Hospital (Date: 12.08.2021, 
Decision No: KAEK/2021.08.237).

Statistical Analysis
SPSS (Statistical Package for Social Sciences) version 21.0 was 
used to analyze data. Categorical data are presented as frequency 
(percentage), and continuous data are presented as mean ± 
standard deviation. The Chi-square test or Fisher’s exact test was 
done for categorical data, and continuous variables were compared 
using an unpaired t-test. Logistic regression was used to identify 
the independent predictors of axillary lymph node metastasis. 
A Bonferroni correction and Tukey test were used to compare 
quantitative variables that did not show a normal distribution 
between more than two groups. The Pearson correlation coefficient 
method was used for correlations. Diagnostic screening tests, 
including sensitivity, specificity, positive predicted value (PPV), 
negative predicted value (NPV), and kappa compliance tests, were 
used to determine the compatibility between qualitative data. The 
statistical significance level was at 95% confidence intervals, and 
p<0.05 was considered significant. Patients with missing data 
were excluded from corresponding analyses.

Reporting Guidelines
The study was reported in accordance with STROBE guideline.

Results

Patient and tumor characteristics classified by ALNM status are 
presented in Table 1. The study included 417 patients diagnosed and 
treated in our clinic. The mean age of the patients was 54.7±12.8 
y. Of the patients, 413 (99%) were female, and 4 (1%) were male. 
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Histopathologically, ALNM was negative in 168(40.3%) patients, 
and ALNM was positive in 249 (59.7%) patients. Based on the 
menopausal status, ALNM positivity was found to be higher in the 
premenopausal patient group, and it was statistically significant 
(p=0.012). When we examined for tumor histology, lymph node 
positivity was found to be 65.7% in invasive ductal carcinoma 
patients, 69% in invasive lobular carcinoma patients, and 42.3% 
in other histological types, which was statistically significant 
(p<0.001). Lymph node metastasis was found in 50.3% of the 
patients in the group with negative lymphovascular invasion and 
74.4% of the patients in the group with positive lymphovascular 
invasion. It was statistically significant (p<0.001). When evaluated 
according to perineural invasion, ALNM positivity was detected 

in 64.2% of the patients in the group with negative perineural 
invasion and 72.1% of the patients in the group with positive 
perineural invasion, and it was statistically significant (p<0.001). 
In our study group, it was concluded that patient age, gender, 
tumor size, histological grade, and tumor multisencentricity did not 
affect lymph node metastasis, and statistically significant results 
could not be reached in these parameters. The relationship of 
immunohistochemical markers with axillary lymph node metastasis 
is given in Table 1. In our study, the effect of ER, PR, HER2, Ki67, 
and molecular type on axillary lymph node metastasis was not 
found to be statistically significant.

The diagnostic performance of imaging methods in detecting 
axillary lymph node metastases is given in Table 2.

The relationships between imaging modalities and tumor 
immunohistochemical features and luminal subtypes are given in 
Table 3. When three imaging modalities (AUS, MRI, 18F-FDGPET/
CT) were examined, it was found that only the histological type 
of the tumor statistically significantly affected true positivity, 
false positivity, true negativity, and false negativity. True positivity 
rates in AUS are 71.8% in IDC, 87.5% in ILC, and 57.6% in other 
histological types. True negativity rates in ultrasonography are 
45.1% in invasive ductal carcinoma (IDC), 35.3% in invasive lobular 
carcinoma, and 76.6% in other histological types (p<0.001). True 
positivity rates in MRI are 79.2% in IDC, 83.3% in ILC, and 55.6% 
in other histological types. True negativity rates are 45.5% in 
IDC, 50% in ILC, and 70.4% in other histological types (p=0.012). 
If it is 18F-FDGPET/CT, true negativity rates are 45.7% in IDC, 
60% in ILC, and 86.4% in other histological types (p=0.006). No 
statistically significant correlation was found between true/false 
positivity and true/false negativity of all three imaging methods 
and ER, PR, HER2, Ki67, and molecular types.

Discussion

In breast cancer, the status of the lymph nodes is the most 
substantial independent prognostic factor and is decisive in 
determining the treatment modality at the time of diagnosis.11 
Neoadjuvant therapy facilitates breast-conserving surgery by 
reducing the tumor burden, protecting the axilla, and determining 
the response to systemic therapy before surgery.12

There is an opinion that breast cancer has a worse prognostic profile 
in younger and premenopausal women than in postmenopausal 
women. Multivariate analyses to evaluate the association of 
age and menopausal status with other clinical and pathological 
features (high histological grade and high tumor proliferation, 
lack of steroid hormone receptors) did not consider either variable 
an independent adverse prognostic factor.13,14 However, several 
studies have shown younger age or premenopausal status as 
independent predictors of disease recurrence.15 According to our 
study, premenopausal status was found to be a risk factor for 
increasing lymph node metastasis in breast cancer, but age could 
not be shown to affect ALNM positivity.

Viale et al. studied data from 4351 patients and found other 
histological types have a significantly lower risk of axillary lymph 
node metastasis than IDC.16 Similarly, a lower frequency of axillary 
nodal metastasis in ILC than in IDC has been reported in several 
studies.17 In our patient series, it was concluded that IDC and ILC 
have a higher tendency to metastasize to axillary lymph nodes 
compared to other breast cancers.

Hasebe et al. reported in two series that LVI was the strongest 
independent predictor of nodal involvement, and the grading 

Table 1. Patient and tumor characteristics classified by ALNM status 
are presented

ALNM: Axillary lymph node metastasis, ER: Estrogen receptor, PR: Progesterone receptor
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Table 2. The diagnostic performance of imaging methods in detecting axillary lymph node metastases

The sensitivity, specificity, PPV, NPV, and accuracy of AUS for detecting ALN metastases were 59.9%, 62.7%, 69.4%, 51.5%, and 60.5%, respectively. For MRI, these values were 61.9%, 67.9%, 
73.6%, 55.4%, and 64.4%, respectively, and for 18F-FDG-PET/CT, they were 61.8%, 63.4%, 70.8%, 53.5%, and 62.4%, respectively

Table 3. The relationships between imaging modalities and tumor immunohistochemical features and luminal subtypes
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system for lymph vessel tumor embolism was a very useful 
histological grading system for accurately predicting lymph node 
metastasis in IDC.18,19 Duraker et al. found that PNI is more likely 
in hormone-sensitive, mixed-type, or ductal carcinoma and less 
likely in axilla-negative or smaller tumors.20 Another study found 
that PNI predicted >3 lymph node involvement.21 Based on our 
results, lymphovascular invasion, and perineural invasion positivity 
increase the risk of ALNM. The neoadjuvant systemic therapy 
method is decided according to the molecular subtype determined 
concerning ER, PR, HER2, and Ki-67 status. They are also used to 
predict the prognosis of breast cancer patients.13 We evaluated 
our patient series’ effects of ER, PR, HER2, Ki-67, and molecular 
subtypes on nodal metastasis; we concluded that none had a 
statistically significant effect on lymph node metastasis.

Radiologic evaluation of ALN is done with AUS, MRI, and 18F-FDG-
PET/CT. AUS is an easy-to-apply, inexpensive, nonradiation-
free, non-invasive method used to assess lymph nodes in breast 
cancer.4 Besides being non-invasive and radiationfree, breast 
MRI has advantages such as giving anatomical information about 
the condition of the breast and axilla and showing lesions that 
ultrasound and mammography cannot detect.5,22,23 On the other 
hand, 18F-FDG-PET/CT used for distant metastasis screening 
is expensive, contains isotopic radiation, has high false-positive 
rates in inflammation, and has low sensitivity for detecting nodal 
micrometastases.4,5

When Aktaş et al. evaluated sensitivity, PPV, and accuracy to 
accurately detect the presence of axillary metastases, they found 
the order of reliability as MRI, AUS, and 18F-FDG-PET/ CT.24 
Although there was no significant difference in our study, MRI was 
the most reliable, followed by 18F-FDG-PET/ CT and AUS. When 
the specificity, NPV, and accuracy rates are examined, the order 
of reliability in estimating axilla negativity is again MRI, 18F-FDG-
PET/CT, and AUS.

In addition, it was concluded in our study that only the histological 
tumor type can be considered in the radiologically correct 
prediction of axillary lymph node metastasis in breast cancer, and 
other immune histochemical markers do not have a beneficial 
effect in this regard.

If the tumor type is IDC or ILC, breast MRI and AUS may be superior 
to predict axilla positivity. However, the reliability of AUS, breast 
MRI, and 18F-FDG-PET/CT in predicting axilla negativity may be 
low in these two tumor types.

In other tumor types, while AUS, breast MRI, and 18F-FDGPET/CT 
may be superior in predicting negative axilla, their reliability may 
be low in predicting axillary metastasis positivity.

Limitations
Limitations of our study: being a retrospective study, we could not 
reach the AUS, MRI, or 18F-FDG-PET/CT of each patient because 
imaging data were obtained in different imaging centers in some 
patients, and AUS is an operator-dependent modality.

Conclusion

The conclusions to be drawn from our study: premenopausal status, 
tumor histology being invasive ductal/lobular carcinoma, and the 
presence of lymphovascular invasion or perineural invasion are 
factors that increase the risk of axillary lymph node metastasis in 
breast cancer. Although there is no substantial superiority between 
them, MRI is the most reliable radiological method to accurately 
predict axillary lymph node metastasis in breast cancer, followed 
by 18F-FDG-PET/CT and AUS, respectively. When the relationship 

between the histopathological and immunohistochemical markers 
of the tumor and imaging methods was evaluated, If tumor types 
are IDC and ILC, AUS and breast MR may be superior in predicting 
axillary metastasis positivity. In the other tumor types, AUS, breast 
MRI, and 18F-FDG-PET/CT may be reliable in accurately predicting 
axilla negativity in all three imaging modalities.
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FNAC: Fine-needle aspiration cytology
HER2: Human epidermal growth factor receptor 2
IDC: Invasive ductal carcinoma
ILC: Invasive lobular carcinoma
LVI: Lymphovascular invasion
PNI: Perineural invasion
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