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Purpose: Sentinel lymph node (SLN) biopsy (SLNB) is the standard tool to stage the axilla of breast cancer patients. This study 
aimed to identify the predictors of positive SLNB in patients with clinically node-negative breast cancer.
Patients and Methods: A retrospective, single-institution cohort of patients with early-stage breast cancer without clinically 
identifiable axillary lymphadenopathy was chosen from January 2010 to December 2018. Logistic regression was used to identify 
possible predictors of positive SLNB.
Results: Four hundred and seventy patients were identified; their mean age was 50±11 years. Most patients had the following 
characteristics: invasive ductal carcinoma (n=382, 81.3%), unilateral tumor (n=461, 98.1%), unifocal disease (n=351, 74.7%), 
intermediate grade (n=276, 59.0%), and estrogen and progesterone receptor positivity with human epidermal growth factor receptor 
2 negativity (n=305, 64.9%). The mean size of the breast mass was 2.3±1.5 cm. SLNB was positive in 128 (27.2%) cases. The mean 
number of SLNs was 2±1.2. Axillary lymph node dissection was performed in 109 patients. The mean number of lymph nodes 
removed was 15±6. In 66 (60.6%) of the 109 patients with metastatic axillary nodes, only the SLNs were found to be positive. The 
number of SLNs, tumor size, tumor grade, receptor status, prominent axillary lymph nodes, and lymphovascular invasion predicted 
positive SLNB (P = 0.01, 0.03, 0.03, and 0.04 and <0.001 and <0.001, respectively).
Conclusion: Our results suggest that a number of histopathological and radiological characteristics of breast cancer can predict SLNB 
positivity in clinically node-negative breast cancer patients.
Keywords: axillary metastasis, lymphatic metastasis, axillary lymph node dissection, hormonal receptors

Introduction
The evolution of the surgical management of breast cancer began in the late 1800s through the efforts of Halstead.1 

Halstead described the importance of integrating axillary lymph node (ALN) dissection (ALND) with mastectomy for the 
treatment of breast cancer.1–3 ALND used to be performed as a routine procedure in all patients with breast cancer 
undergoing mastectomy to control the spread of breast cancer. However, over the last two decades, ALND has largely 
been replaced by the less invasive method of sentinel lymph node (SLN) biopsy (SLNB). As a result, ALND rates have 
decreased in patients with early-stage breast cancer.4,5

The SLN is the first regional lymph node (LN) to which cancer spreads, thereby reflecting the status of the remaining 
LNs in the basin.6 SLNB was first described in a 1960 paper by Gould et al,6 who proposed that SLNB eliminates the 
need to perform ALND for lymphatic staging. This concept has been proven to be especially important in breast cancer 
surgery, as it allows the patient to avoid routine ALND.6 In SLNB of the axilla, breast cancer metastasis is tracked by 
injection of a lymphatic blue dye or a radiolabeled colloid in the peri-areolar area. This is followed by intraoperative 
visualization of the dyed LN or detection by a gamma probe. After frozen sectioning, the SLN is histologically examined 
for presence of metastasis.6 SLNB is currently considered the standard of care.7 Other intraoperative methods of SLN 
detection have been proposed such as intraoperative electrical lymph scoring (ELS) and has shown high sensitivity.8 
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A number of studies have shown that SLNB is an accurate reflector of the cancer status of axillary LNs.2,4,7 Furthermore, 
SLNB plays an essential role in the control and local spread of cancer in the axilla.9

Similar to ALND, SLNB presents a number of possible risks and complications. These include upper limb 
lymphedema,7 movement impairment, and pain or paresthesia,10 all of which negatively affect the quality of life 
of patients with breast cancer.7 These complications are less likely to occur in patients undergoing SLNB than in 
those undergoing full ALND; however, they are not wholly eliminated.9 A post-SLNB rate of upper limb lymphe
dema of nearly 7% in the first 6 to 36 months has been reported.11 Furthermore, upper limb range motion impairment 
or stiffness has been described in 3.5% of the patients, shoulder and arm pain in 8.1%, and numbness in up to 10%.12

Due to the widespread establishment of breast cancer screening programs in many countries, there have been 
increasing rates of screening-detected breast cancers, which are usually detected in the early stages with no axillary 
involvement.13–15 This has prompted an interest in ALN staging and surgery. Studying the factors influencing SLNB 
positivity has also been a subject of interest in the efforts to identify methods to reduce the need for axillary surgery. 
Several studies have concluded that there is a high association between patient’s clinical, pathological, and radiological 
factors, an SLNB positivity. To the best of our knowledge, there are no similar studies conducted in our population of 
breast cancer patients.

The aim of this study is to identify all positive SLNBs in our population of patients with clinically node-negative 
breast cancer and to investigate the association between positive SLNB and patients’ clinical, histopathological, and 
radiological characteristics.

Materials and Methods
Study Design
This study involves a retrospective single-institution cohort that included all patients with early-stage breast cancer without 
clinically identifiable axillary lymphadenopathy at the King Faisal Specialist Hospital and Research Center in Riyadh, Saudi 
Arabia. Patients were selected from January 2010 through December 2018, and the estimated sample size was 300 patients. 
Categorical variables included family history; Tru-cut pathology; tumor grade, receptor status; laterality; radiological 
location and focality; presence of prominent axillary LNs (defined as enlarged axillary LNs in size on ultrasonography 
without other suspicious ultrasonographic features for metastasis such as absent fatty hilum, increased cortical thickness, and 
increased vascularity)16,17; ultrasound-guided axillary LN biopsy; surgery type; SLNB status; macro and micrometastasis; 
ALND status; surgical pathology; tumor focality in final pathology; lymphovascular invasion; locoregional recurrence; and 
recurrence type. Continuous variables included age at diagnosis, radiological tumor size, total SLNs, positive SLNs, negative 
SLNs¸ total ALND nodes, positive ALND nodes, and size in final pathology.

Data Collection Method
Data were retrospectively collected from the patients’ electronic medical records. All patients who were treated outside 
King Faisal Specialist Hospital were excluded. All patients with locally advanced and metastatic breast cancer were 
excluded. All patients who had clinically positive lymph nodes, or FNA-proven axillary lymph node metastasis were 
excluded. Missing data were extracted from patients’ paper charts. Radiological images were reviewed by expert breast 
radiologists; pathology slides were reviewed by expert breast cancer pathologists. Data collection was performed by all 
investigators.

Statistical Analysis
Data were imported into and analyzed using SPSS version 23 for Windows (IBM Corp., Armonk, NY, USA). Descriptive 
statistics (for continuous variables) and frequency tables (for categorical variables) were used to summarize the 
predictors of positive SLNB. Simple logistic regressions (involving one outcome variable and one predictor) were first 
performed to investigate the relationship between the outcome variable (SLNB) and each of the predictors. A multiple 
logistic regression analysis (involving one outcome variable and multiple predictors) was also performed to investigate 
the relationship between the outcome variable and each of the predictors.
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Wald chi-square tests for type III analysis were used to determine whether the effects of the predictors were 
statistically significant. The Hosmer–Lemeshow goodness-of-fit test was used to determine the model adequacy (P > 
0.05 indicates good model fit).18 Odds ratio (OR) estimates and corresponding 95% confidence intervals (CIs) were used 
to quantify the strength of the predictor effects. For all tests, significance was set at P < 0.05.

Ethical Considerations
All project procedures and reporting were performed in accordance with the standards of the ethics committee of the 
Research Advisory Council (RAC) of King Faisal Specialist Hospital and Research Center (RAC approval number 
#2191286). All patient data were collected as part of routine medical practice. Patient information and data were kept 
confidential and secure at all times. The investigators followed international and King Faisal Specialist Hospital guide
lines on retrospective studies.

This study was eligible for waiver of consent because of its retrospective nature, in which no harm is posed to study 
participants. Absence of harm is defined as the probability and magnitude of damage or discomfort not greater than 
ordinarily encountered in daily life, or during the performance of routine physical or psychological tests, with no effect 
on the course of disease management.

Results
The study included 470 patients with early-stage breast cancer, of whom 342 (72.8%) had a negative SLNB and 128 
(27.2%) had a positive SLNB. The mean age at diagnosis was 50.5. The majority of patients had unilateral cancer 
(98.1%). The most frequent pathology included invasive ductal carcinoma (IDC) or IDC plus ductal carcinoma in situ 
(DCIS) (81.3%), grade II (59%), estrogen receptor (ER)-positive, progesterone receptor (PR)-positive, and human 
epidermal growth factor receptor 2 (HER2)-negative breast cancer (64.9%) regardless of their SLNB status.

Across different radiological modalities, most patients had unifocal (74.7%), upper outer quadrant (UOQ) location 
(51.5%). The mean radiological size was similar between SLNB-negative and -positive patients (2.31 cm for SLNB- 
negative patients and 2.34 cm for SLNB-positive patients). Among SLNB-positive patients, 41.4% had prominent ALNs 
on ultrasonography, whereas only 24.9% of SLNB-negative patients did. Simple mastectomy was the most common type 
of surgery (46%). All subjects had undergone SLNB. The average number of total SLNs was 2. Among the SLNB- 
positive patients, 85.2% had macrometastasis, and all had undergone ALND. None of the SLNB-negative patients and 
none of the SLNB-positive patients with micrometastasis had undergone ALND.

Unifocal tumors (77.4%) with IDC or IDC plus DCIS (81.5%) were the most common findings in final pathology for 
both SLNB results. The average tumor size in final pathology was 2.3 cm. The majority of patients (92.8%) did not have 
recurrence. Of the 34 patients (7.2%) who had recurrence, nearly two-thirds had distant metastasis (61.8%). Table 1 
shows the categorical clinical and radiopathological characteristics of the patient population based on the SLNB result, 
and Table 2 shows the continuous characteristics based on the SLNB result.

Simple and multiple logistic regression analyses were first performed to investigate the relationship between the 
outcome variable (SLNB) and each of the predictors. Some predictors (ie, Tru-cut pathology, receptor status, radiological 
location, surgery, and surgical pathology) were recoded to combine categories with only small samples.

The results of the simple logistic regression analysis indicated a statistically significant relationship between 
a positive SLNB and a higher number of total SLNs (OR = 1.29; 95% CI, 1.1–1.5; P = 0.002), larger size in final 
pathology (OR = 1.22; 95% CI, 1.06–1.41; P = 0.005), grade I cancer (OR = 2.06; 95% CI, 1.06–3.98; P = 0.029), ER- 
positive/PR-positive/HER2-negative status (OR = 2.01; 95% CI, 1.27–3.19; P = 0.003), unifocality on radiology (OR = 
0.46; 95% CI, 0.24–0.88; P = 0.01), prominent ALNs (OR = 2.13; 95% CI, 1.39–3.28; P = 0.001), unifocality in final 
pathology (OR = 0.52; 95% CI, 0.28–0.96; P = 0.02), and lymphovascular invasion (OR = 3.93; 95% CI, 2.43–6.344; P < 
0.001). The results are shown in Table 3.

For the multiple logistic regression analysis, the results of the Hosmer–Lemeshow goodness-of-fit test indicated that 
the model was adequate (χ2(8) = 7.285, P = 0.506). The results indicated that there was a statistically significant 
relationship between a positive SLNB and a higher number of total SLNs (OR = 1.27; 95% CI, 1.05–1.54; P = 0.01), 
larger size in final pathology (OR = 1.26; 95% CI, 1.01–1.56; P = 0.03), grade I cancers (OR = 2.42; 95% CI, 1.01–5.79; 
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Table 1 Clinical and Radiopathological Characteristics of Early Breast Cancer Patients Based on SLNB 
Result (Categorical Variables) (n = 470)

Variable SLNB Total (n = 470)

Negative (n = 342) Positive (n = 128)

Family history, n (%)

Negative 279 (81.6) 101 (78.9) 380 (80.9)

Positive 63 (18.4) 27 (21.1) 90 (19.1)

Tru-cut pathology, n (%)

IDC or IDC & DCIS 271 (79.2) 111 (86.7) 382 (81.3)

DCIS 33 (9.6) 1 (0.8) 34 (7.2)

ILC or ILC & LCIS 33 (9.6) 14 (10.9) 47 (10.0)

IDC & ILC 1 (0.3) 2 (1.6) 3 (0.6)

Other 4 (1.2) 0 4 (0.9)

Grade, n (%)

1 48 (14.1) 25 (19.5) 73 (15.6)

2 197 (57.9) 79 (61.7) 276 (59.0)

3 95 (27.9) 24 (18.8) 119 (25.4)

Receptor status, n (%)

ER-positive PR-positive HER2-positive 26 (7.6) 11 (8.6) 37 (7.9)

ER-positive PR-positive HER2-negatve 208 (60.8) 97 (75.8) 305 (64.9)

ER-positive PR-negative HER2-negatve 24 (7.0) 6 (4.7) 30 (6.4)

ER-negative PR-negative HER2-negatve 47 (13.7) 8 (6.3) 55 (11.7)

ER-negative PR-positive HER2-positive 2 (0.6) 0 2 (0.4)

ER negative PR-negative HER2-positive 30 (8.8) 4 (3.1) 34 (7.2)

ER-positive PR-negative HER2-positive 5 (1.5) 2 (1.6) 7 (1.5)

Laterality, n (%)

Unilateral 337 (98.5) 124 (96.9) 461 (98.1)

Bilateral 5 (1.5) 4 (3.1) 9 (1.9)

Radiological location, n (%)

UOQ 177 (51.8) 65 (50.8) 242 (51.5)

UIQ 70 (20.5) 27 (21.1) 97 (20.6)

LOQ 39 (11.4) 18 (14.1) 57 (12.1)

LIQ 38 (11.1) 8 (6.3) 46 (9.8)

Retroareolar 18 (5.3) 10 (7.8) 28 (6.0)

Radiological focality, n (%)

Unifocal 268 (78.4) 83 (64.8) 351 (74.7)

(Continued)
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Table 1 (Continued). 

Variable SLNB Total (n = 470)

Negative (n = 342) Positive (n = 128)

Multifocal 47 (13.7) 27 (21.1) 74 (15.7)

Multicentric 27 (7.9) 18 (14.1) 45 (9.6)

Prominent axillary LNs, n (%)

No 257 (75.1) 75 (58.6) 332 (70.6)

Yes 85 (24.9) 53 (41.4) 138 (29.4)

Surgery, n (%)

Lumpectomy 89 (26.0) 30 (23.4) 119 (25.3)

Wire localization lumpectomy 29 (8.5) 6 (4.7) 35 (7.4)

Simple mastectomy 145 (42.4) 71 (55.5) 216 (46.0)

Skin sparing mastectomy 68 (19.9) 18 (14.1) 86 (18.3)

Nipple sparing mastectomy 11 (3.2) 3 (2.3) 14 (3.0)

Macro or micrometastasis (n = 128), n (%)

Micrometastasis NA 19 (14.8) 19 (14.8)

Macrometastasis NA 109 (85.2) 109 (85.2)

ALND, n (%)

No 342 (100.0) 19 (14.8) 361 (76.8)

Yes 0 109 (85.2) 109 (23.2)

Surgical pathology, n (%)

IDC or IDC & DCIS 278 (81.3) 105 (82.0) 383 (81.5)

DCIS 26 (7.6) 8 (6.3) 34 (7.2)

ILC or ILC & LCIS 31 (9.1) 13 (10.2) 44 (9.4)

IDC & ILC 4 (1.2) 2 (1.6) 6 (1.3)

Other 3 (0.9) 0 3 (0.6)

Focality in final pathology, n (%)

Unifocal 276 (80.7) 88 (68.8) 364 (77.4)

Multifocal 33 (9.6) 20 (15.6) 53 (11.3)

Multicentric 33 (9.6) 20 (15.6) 53 (11.3)

Lympho-vascular invasion, n (%)

No 298 (87.1) 81 (63.3) 379 (80.6)

Yes 44 (12.9) 47 (36.7) 91 (19.4)

Recurrence, n (%)

No 317 (92.7) 119 (93.0) 436 (92.8)

(Continued)
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P = 0.03), ER-positive/PR-positive/HER2-negative status (OR = 1.83; 95% CI, 1.02–3.30; P = 0.04), prominent ALNs 
(OR = 3.37; 95% CI, 1.82–6.24; P < 0.001), and lymphovascular invasion (OR = 3.13; 95% CI, 1.79–5.47; P < 0.001). 
The results are shown in Table 4.

Table 1 (Continued). 

Variable SLNB Total (n = 470)

Negative (n = 342) Positive (n = 128)

Yes 25 (7.3) 9 (7.0) 34 (7.2)

Type of recurrence (n = 34), n (%)

Locoregional recurrence 11 (44.0) 2 (22.2) 13 (38.2)

Distant metastasis 14 (56.0) 7 (77.8) 21 (61.8)

Abbreviations: ILC, invasive lobular carcinoma; LCIS, lobular carcinoma in situ; UIQ, upper inner quadrant; LOQ, lower outer 
quadrant; LIQ, lower inner quadrant; NA, not applicable.

Table 2 Clinical and Radiopathological Characteristics of Early Breast Cancer Patients Based on SLNB 
Result (Continuous Variables) (n = 470)

Variable SLNB Negative SLNB Positive

N Mean SD N Mean SD

Age at diagnosis 342 50.40 11.62 128 50.59 10.45

Radiological size 342 2.31 1.56 128 2.34 1.04

Total sentinel nodes 342 1.87 1.14 128 2.27 1.36

Positive sentinel nodes 342 0 0 128 1.34 0.69

Negative sentinel nodes 342 1.87 1.14 128 0.95 1.27

Total ALND nodes NA NA NA 109 15.17 1.57

Positive ALND nodes NA NA NA 109 1.57 3.00

Size in final pathology 335 2.20 1.43 126 2.64 1.37

Abbreviation: SD, standard deviation.

Table 3 Relationship Between SLNB Positivity and Early Breast Cancer Patients’ Clinical and 
Radiopathological Characteristics (Simple Regression Analysis*)

Variables 95% CI for OR

P OR Lower Upper

Age at diagnosis 0.967 1.020 0.984 1.020

Radiological size 0.822 1.016 0.884 1.168

Total sentinel nodes 0.002 1.291 1.100 1.515

Size in final pathology 0.005 1.225 1.064 1.411

(Continued)
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Table 3 (Continued). 

Variables 95% CI for OR

P OR Lower Upper

Family history

Positive 0.512 1.184 0.714 1.962

Negative

Tru-cut pathology

IDC or IDC + DCIS 0.067 1.711 0.964 3.035

Other

Grade

1 0.031 2.062 1.067 3.985

2 0.081 1.587 0.945 2.665

3

Receptor status

ER-positive PR-positive HER2-negatve 0.003 2.016 1.274 3.190

Other

Laterality

Unilateral 0.253 0.460 0.122 1.740

Bilateral

Radiological location

UOQ 0.897 0.969 0.601 1.562

UIQ 0.953 1.018 0.566 1.830

Other

Radiological focality

Unifocal 0.020 0.465 0.244 0.886

Multifocal 0.702 0.862 0.402 1.845

Multicentric

Prominent axillary LNs

Yes 0.001 2.137 1.392 3.280

No

Ultrasound-guided axillary LN biopsy

Yes 0.833 1.060 0.617 1.821

No

Surgery

Lumpectomy 0.145 0.688 0.417 1.137

(Continued)
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Table 3 (Continued). 

Variables 95% CI for OR

P OR Lower Upper

Other 0.010 0.511 0.307 0.849

Simple mastectomy

Surgical pathology

IDC or IDC & DCIS 0.853 1.051 0.621 1.780

Other

Focality in final pathology

Unifocal 0.037 0.526 0.287 0.963

Multifocal 1.000 1.000 0.456 2.193

Multicentric

Lymphovascular invasion

Yes <0.001 3.930 2.434 6.344

No

Locoregional recurrence

Yes 0.917 0.959 0.435 2.114

No

Note: *The 18 simple logistic regressions were modeling the probability of SLNB = positive. 
Abbreviations: P, p-value; OR, odds ratio; CI, confidence interval.

Table 4 Relationship Between SLNB Positivity and Early Breast Cancer Patients’ Clinical and 
Radiopathological Characteristics (Multiple Regression Analysis*)

Variable 95% CI for OR

P OR Lower Upper

Total sentinel nodes 0.011 1.277 1.057 1.543

Size in final pathology 0.033 1.264 1.019 1.568

Grade 0.038

1 0.046 2.427 1.015 5.799

2 0.450 1.292 0.664 2.512

3

Receptor status

ER-positive PR-positive HER2-negatve 0.042 1.837 1.022 3.302

Other

Prominent axillary LNs

Yes < 0.001 3.376 1.824 6.248

(Continued)
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Discussion
Breast cancer is one of the most frequently diagnosed cancers in women and is a leading cause of cancer-related death 
worldwide.19,20 ALND, a highly invasive procedure, was previously performed on all breast cancer patients to assess the 
extent of axillary disease spread until it was replaced by the less invasive SLNB. Both procedures are associated with 
significant morbidity, such as upper limb lymphedema, paresthesia, stiffness, and weakness.21 Noninvasive methods for 
predicting the positivity of SLNs, especially in patients with clinically negative LNs, have been reported in the literature. 
A 2017 study by Dong et al investigated the use of noninvasive, preoperative T2-weighted fat-suppression and diffusion- 
weighted magnetic resonance imaging to predict SLN status. Their result showed that characterizing intratumoral 
heterogeneity may indicate positive nodal status; however, further validation studies are needed to replicate their 
findings.22

In the present study, we attempted to identify noninvasive predictors of positive SLNs in our cohort by investigating 
patients’ clinical, histopathological, and radiological characteristics. Several previous studies have examined different 
predictors of SLNB positivity; however, to our knowledge, ours is the first national study on this topic. Based on the 
evaluation of 470 patients with node-negative invasive breast cancer who underwent SLNB in our center over an 8-year 
period, we identified six independent predictors of SLN positivity by multivariate analysis. These included a higher 
number of total SLNs, larger tumor size in final pathology, grade I cancers, ER-positive/PR-positive/HER2-negative 
status, prominent ALNs on preoperative imaging, and lymphovascular invasion. Although tumor unifocality in radiology 
and in final pathology were associated with positive SLNB in the univariate analysis, they were not retained in the 
multivariate analysis.

Several previous publications have identified tumor size to be the strongest predictive factor of the risk of SLN 
positivity23,24 and to be associated with a higher probability of detection of metastatic disease after ALND;25–29 our 
results are consistent with the literature showing that patients with a larger tumor size in final pathology are more likely 
to be SLNB-positive. With a one-unit increase in tumor size in final pathology, the likelihood of being SLNB-positive 
increases by 26.4% (OR = 1.264; 95% CI, 1.019–1.568). In previous studies, angiolymphatic invasion has been shown to 
be a powerful predictor of the presence of invasion in SLNs.30 Similarly, our results showed that patients who had 
lymphovascular invasion would be more likely to be SLNB-positive than patients who did not have lymphovascular 
invasion (OR = 3.135; 95% CI, 1.795–5.476).

The ER, PR, and HER2 statuses are important factors in breast cancer management and are also important indicators for 
the efficacy of endocrine and targeted therapies in hormone-dependent breast tumors. The predictive value of hormone 
receptors has been a controversial area in the literature. Although there are published data linking ER- and PR-positive status 
with ALN metastases,31,32 other studies have indicated no significant association between hormone receptor status and nodal 
metastases.33–36 Our multivariate analysis showed that patients with ER-positive/PR-positive/HER2-negative tumors have 

Table 4 (Continued). 

Variable 95% CI for OR

P OR Lower Upper

No

Lymphovascular Invasion

Yes < 0.001 3.135 1.795 5.476

No

Constant 0.122 0.142

Note: *The multiple logistic regression was modeling the probability of SLNB = positive. 
Abbreviations: P, p-value; OR, odds ratio; CI, confidence interval.
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a 83.7% higher likelihood of SLNB positivity (OR = 1.837; 95% CI, 1.022–3.302) than patients with other subtypes. We 
believe the association of ER, PR, and HER2 statuses with SLNB positivity warrants further exploration.

The primary imaging modality used for the investigation of ALN disease is axillary ultrasonography. It is routinely 
performed for our breast cancer patients and is interpreted by expert breast radiologists. If axillary ultrasonography revealed 
pathological nodes, they were sampled using fine-needle aspiration (FNA). Axillary ultrasonography has demonstrated 
excellent (76%) sensitivity for the detection of clinically significant ALNs in a large series.37 We defined prominent ALNs as 
those that did not meet the ultrasonographic criteria to be pathological or those whose pre-operative FNA biopsy results 
indicated that they were negative for metastasis. Our study identified a significant association between prominent ALNs on 
preoperative imaging and SLNB positivity (OR = 3.376; 95% CI, 1.824–6.248). This finding is similar to those of many 
previously published reports on the clinical significance of axillary ultrasonography.38–40

It has been noted in the literature that the diagnosis of breast cancer at a younger age (ie, younger than 40 years) is 
usually associated with more aggressive tumor types and less favorable outcomes. In a few studies, younger age at 
diagnosis was a predictive factor for SLNB positivity.21,26,30,34 In our study, age was not significantly associated with 
SNLB positivity. This could be attributed to the trend toward older age at diagnosis in our patient population.

There are potential limitations in the present study. These include its retrospective nature and its sample size, which 
makes it prone to confounding factors; however, we believe that this has not greatly influenced the study’s results 
because our patients were relatively similar in terms of clinical and tumor characteristics.

Conclusion
In summary, a higher number of SLNs, larger tumor size, grade I cancer, ER-positive/PR-positive/HER2-negative status, 
prominent ALNs on preoperative imaging, and lymphovascular invasion emerged as independent predictors of SLN 
positivity in clinically node-negative breast cancer patients. Although the prognostic implications of minimal ALN involve
ment remain an area of continuing research, we believe that our findings can contribute to creating future reliable predictive 
models of SLN positivity in early-stage breast cancer, which in turn can significantly contribute to therapeutic decisions.

Abbreviations
LN, lymph node; SLN, sentinel lymph node; SLNB, sentinel lymph node biopsy; ALN, axillary lymph node; ALND, 
axillary lymph node dissection; OR, odds ratio; CI, confidence interval; RAC, Research Advisory Council; IDC, invasive 
ductal cancer; DCIS, ductal carcinoma in situ; ER, estrogen receptor; PR, progesterone receptor; HER2, human 
epidermal growth factor receptor 2; UOQ, upper outer quadrant; FNA, fine-needle aspiration.
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