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SLNB-Free Prediction of ≥pN2 Disease in Primary Breast Cancer 

Research Question 

Can we preoperatively predict ≥pN2 disease in patients undergoing upfront surgery for breast 
cancer—without using sentinel lymph node biopsy (SLNB) data? I.e. preoperatively identify 
patients with high nodal burden in patients eligible for SLNB abstention according to SOUND 
criteria according to ASCO guidelines (see below).  

Background 

Current guidelines [1] recommend omitting SLNB in selected postmenopausal patients aged ≥50 
years with (SOUND criteria: Grade 1–2 tumours, tumour size ≤2 cm, hormone receptor–positive, 
HER2 (Human epidermal growth factor receptor 2)-negative, negative pre-operative axillary 
ultrasound, and undergoing breast-conserving therapy.  
 
Since the publication of large trials (ACOSOG Z0011[2], EORTC AMAROS [3], OTOASOR trial [4], 
SINODAR one [5], IBCSG 23-01 [6], and SENOMAC [7]), it is now considered safe to leave behind a 
low nodal burden (1–2 macrometastases), provided that appropriate adjuvant treatment is 
administered. This implies that residual metastatic burden may be left in the axilla. The approach 
must be carefully weighed against the risks and side effects of axillary surgery [8]. 

The omission of cALND and surgical staging of the axilla leaves a clinical dilemma since ≥pN2 
disease requires additional treatment considerations, most importantly the addition of CDK4/6 
inhibitors (e.g., abemaciclib) in postmenopausal women and planning for radiotherapy if nodal 
burden is high [9-12]. 

Efforts have been made to provide a nomogram for the identification of high nodal burden in this 
patient group utilizing SLNB-data [13, 14]. 
 
Can we identify patients with ≥pN2 disease preoperatively, without relying on SLNB? 

While multimodal machine learning algorithms including also data from imaging modalities may 
offer improved predictive accuracy for the extent of nodal involvement, simpler tools such as 
nomograms or risk estimation models may still serve as valuable decision-support aids. These 
tools can enable both patients and multidisciplinary clinical teams to develop reasonably accurate 
intuitions about the likelihood of ≥pN2 category disease using limited information — as proposed 
here, possibly also without information from SLNB. The suggested research aim is to develop a 
model based strictly on easily available preoperative available variables. Hence, for example, the 
prognostic marker lymphovasular invasion is omitted since it is not routinely available from core 
biopsy needle data.   

Proposal 

Develop a predictive model for ≥pN2 disease using the tabular strictly preoperative available data 
using a national registry extract. 
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Cohort considerations  

For this study, only retrospective data use is feasible; the data most predate clinical introduction of 
SLNB-abstention (SENOMAC) in this patient population. Strictly preoperatively available predictors, 
as in the paper by Rejmer et al [15].  

Cohort: The NKBC 2014-2023 data extract. 

Ethical approval obtained from the Swedish Ethical Review Authority: 2024-02690-02 

In a ≥pN2 prediction model, can we:  

1) identify patients in whom ≥pN2 is very unlikely? Further risk stratification?  
2) identify patients in whom risk of ≥pN2 is higher within this low-risk population. i.e. risk 

stratification  

Statistical considerations  

Cohort split by temporality: in training and test set (70/30) 

Variable selection: Clinical a-priori predictors plus statistically derived least absolute shrinkage 
and selection operator (LASSO) logistic regression applied to all candidate predictors to select the 
most important. Followed by X-fold cross-validation in the training set. 

Univariable logistic regression analysis to explore the unadjusted associations between each 
candidate predictor and the endpoint in the training set. Events-per-variable (EPV) rule ≥10.  

Model selection: Model achieving the highest specificity at a sensitivity of ≥90% 

The selected model will be taken to validation.  

- To evaluate discriminatory ability, AUC calculated in the test set.  
- Calibration assessed in the test set using calibration plots (graphical) and calibration 

slope/intercept (numerical).  
- Clinical utility: decision curve analyses on the test set.  

Kaplan-Meier curves (overall survival): 1) By nodal status. 2) High- and low risk groups bases on 
model. Multivariable cox regression model(s) (test for causal inference)  

Endpoints 

Descriptive: Prevalence of ≥pN2 
Analytical: Prediction model(s) for risk stratification (≥pN2).  

Clinical / Demographic Variables to a priori consider available in registry extract 

Variable  
Age at diagnosis  yes 
Sex  Only female 
Tumour size (clinical T or mm continuous) mm, yes 
Multifocality (yes/no) Only unifocal eligible 
Screening detected Can be included 
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Histology (ductal/lobular/other) Only non-lobular eligible  
Nottingham histological tumour grade  1 vs 2 (3 not eligible)  
ER / PR / HER2 status (categorical) Only ER+/HER2-  
Ki-67 Can be included 
Lymphovascular invasion (LVI) (yes/no)  Not preoperatively available in core needle biopsy  
Size of tumour deposit in SLN (micromet ≤2 
mm vs macromet >2 mm) 

no SLNB data  

Number of positive sentinel lymph nodes  no SLNB data 
Axillary ultrasound findings (cortex 
thickening, absence of fatty hilum, 
suspicious nodes) 

no imaging data  

Mammograph/MRI/Other no imaging data 
Total number of sentinel nodes removed  no SLNB data 

 

 Inclusion criteria Exclusion 
criteria 

  Need for outcome measure pN2 
- SLNB+ followed by cALND 
- SLNB benign findings, final pN-status is considered N0 

Only feasible in patients in whom omission of SLNB is under 
consideration. 

Only SLNB is 
not an 
exclusion 
criterium 

SOUND 
criteria, ASCO 
guidelines 

- ≤2 cm breast cancer 
- negative finding on preoperative ALN ultrasound  
- Postmenopausal and ≥50 years 
- Unifocal invasive ductal carcinoma  
- Nottingham grades 1-2 
- Hormone receptor–positive, HER2-negative 
- adjuvant endocrine therapy 
- Undergoing upfront breast-conservation surgery  
- whole-breast RT in patients <65 years of age  
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