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Pos SLN Frequency Non-SLNs pos varies? 

SLN = MacroM (> 2 mm): 
46% - 87% 

SLN = MicroM (0,2 – 2 mm): 
0% - 80% 

SLN = ITC (< 0,2 mm): 
15% & 19% 

 

 

 

*ALN-status: ! prognostic factor  ~ patient-, tumor -related 
*SLN is safe for LN-staging cN0  
5-10% false negative: & 5-10% upstaging 
 

ALMANAC/ NSABP B32/Veronesi 
ASCO 2004 : cALND if pSLN 



Pos SLN cALND no cALND 

 

 

 
*A positive SLN Omit ALND? 
 
cT1-2; low n° & load in SLN; BCS + TF-WBI 
 
RT if criteria differ from ACOSOG/IBCSG but most cT1, CT, age 48-65 
 

ASCO 2014: no cALND [pN1(sn)]  <3 pSLN & BCS and TF-WBI 
 
Not included: Mastectomy, large tumors, > 2 pos LN**, young age,  … 
 

ACOSOG  Z0011/ IBCSG 23-01 
AMAROS 

Underpowered trials, low risk disease, early follow-up, cT1, CT, ME, … 

Previous Models differ Future Models  

*Mastectomy : only in IBCSG (9%) and AMAROS (17%) 



Introduction: Predictors positive SLN in EBC 

 

 
Prior to current guidelines… 

 
Models predict n-SLN better than random chance 

 
How perform 6 predictive models in different studies? 

 



Characteristics of 6 predictive models for NSLNmetastasis 



Meta-analysis using 6 nomograms 
Pooled AUC 
- Cambridge   n=2156 0.721 
- Mayo  n=2431 0.728 
- MDA  n=843 0.706 
- MSKCC n=8143 0.715 
- Stanford n=3700 0.688 
- Tenon  n=3648 0.720 
 
Performance ~ Proportion mi(SN)  
 

The discriminative capabilities ~ different populations 
So, we do need improved models! 

Forest plots of MSKCC model validated in 39 studies  





 

 

EACH PREDICTIVE TOOL USED IN CLINICAL PRACTICE  
FOR PATIENT AND PHYSICIAN DECISION ON FURTHER  
AXILLARY TREATMENT OF SLN-POSITIVE PATIENTS  
REQUIRES INDIVIDUAL INSTITUTIONAL VALIDATION 
 
 
SUCH VALIDATION MAY REVEAL DIFFERENT TOOLS TO 
BE THE BEST IN DIFFERENT INSTITUTIONS 



Presentation overview 

 Introduction 

 SLN positive  ALND 

 Predictors for a positive N-SLN  

 Improving existing models for pos N-SLN  

 Own data (single hospital large study population) 

 Validation set 

 Why not generally applicable 

 Conclusion & take home message 

 Aknowledgements 

OBJECTIVE: 
UHL model  PREDICTING non-SLN  

Less factors than MSKCC Nomogram  



Patient selection and data collection for UZL series (07-2003 & 12-2010) 

External Validation 
Two independent Belgian centers 
“Almost similar” inclusion criteria 
Center A: 149 (2003-2012)* 
Center B: 119 (2006-2011)** 
* No Patent blue 
** Patent Blue if Mapping neg 

SLN-assessment 

Increased short axis 
Hypoechogenic hilus 
Cortical thickness > 2mm 
Abnormal contour 



Intra-Operative evaluation:  
- Touch Imprint Cytology/ Frozen Section/ Both 
- Every SLN sectioned in thin slices of 2mm 
- Frozen slices cut with cryostat microtome 5um thick sections 
- H&E light microscope 

 

Postoperative evaluation: 
SLN: 
- Enhanced path examination after FFPE:  
- H&E and Cytokeratin IHC on paired sections taken at 0.3mm interval entire block 
cALND:  
- H&E (epithelial markers only if ILA) 
 
 
Centre A – B: touch imprint cytology only 
Centre B did not use Cytokeratin path evaluation 

SLN-assessment 

There were between-center differences 



Tumor Characteristics & NSLN-Status 



Tumor Characteristics & NSLN-Status 

Incidence NSLN+ 
Proportion % 



How variables were choosen/validated? 

*Logistic regression models with  +/- NSLN -mets as a binary response variable 

 

*UV-model for all plausible predictorsIf significant build MV-model 

*A test was statistically significant is p-value <0.05 

 

Internal validation:   bootstrap-corrected area under the ROC  (AUC) 

SAS software version 9.2 of the SAS system for Windows 

- Non-linear relationship  for size & age was dealt with using restricted cubic splines 
- A bivariate model for ‘size of SLN met’ (macro/micro) & ‘IOA’ (+/-) was considered 



Resultaten – Univariaat 
Parameter P-waarde 

Age 0.5627 

Tumor grootte (mm) 0.0007 

Tumor type (IDA vs ILA) 0.1664 

Tumor graad 
Algemeen effect 
1 vs 2 
1 vs 3  
 
2 vs 3 

  
0.0010 
0.0051 
0.0009 

 
0.3376 

LVI (ja vs nee) 0.0001 

Multifocal (yes vs no) 0.4610 

Receptor status  0.6640 

Tumor localisation 0.4954 

Totaal aantal  SLN gepreleveerd 0.4295 

Aantal + SLN <.0001 

Aantal – SLN 0.0031 

Grootte M+ (macro vs micro) <.0001 

APO perop (pos vs neg) <.0001 

Pre-op echo axillae (algemeen effect) 0.4954 

N° + SLN <.0001 

N° - SLN 0.0031 

Size  SLN-met (macro vs micro) <.0001 

APO perop (pos vs neg) <.0001 

LVI (yes vs no) 0.0001 

Tumor size (mm) 0.0007 

Tumor grade 
Overall  effect 
1 vs 2 
1 vs 3 

 
0.0010 
0.0051 
0.0009 



Resultaten – Multivariaat 

Parameter P-value 

Tumor size (mm) 0.2095 

Tumor grade 0.1623 

N°+ SLN 0.1444 

N° - SLN 0.0111 

APO per-op (pos vs neg) <.0001 

LVI (yes vs no) 0.0251 

Size M* (macro vs micro) 0.0099 



Resultaten – Model 

Predicted chance to get  pos non-SLN = exp(mu)/(1+exp(mu))   

mu =  -1.6489 + 0.0114x(T size) - 0.8093x(Grade 1) - 0.1510x(Grade 2) + 0.2374 x(#pos 
SLN) – 0.2427x(#neg SLN) – 1.2496x(APO per-op neg) + 0.5942x(LVI) + 0.8661x 
(macromet) 

 
• T size   in millimeter  

 
• Grade 1  yes = 1, no = 0  

 
• Grade 2  yes = 1, no = 0 

 
• # pos SLN  = N° pos SLN 

 
• # neg SLN  = N° neg SLN 

 
• APO per-op neg yes = 1, no = 0 

 
• LVI   yes = 1, no = 0 

 
• Macrometa  yes = 1, no = 0 

Bootstrap-corrected 
C-index = 0.75970 



Receiving Operating Characteristics UHL 

If subgroup analysis  for  
-macrometastatic SLN only: bootstrap-corrected AUC= 0.69 
-mastectomy: bootstrap-corrected AUC = 0.72 

ACOSOG/IBCSG inclusions 

{ 



Results of Model  

Patient 1 
 

Predicted chance = 1.7% 
 
    
Size:  10mm 
Grade:  1 
# pos SLN : 1 
# neg SLN: 3 
APO perop: neg  
LVI:  no  
Size M+:  micro 

 

Patiënt 2 
 

Predicted chances = 79.1% 
 
 
T size:  50mm 
Grade:  3  
# pos SLN: 4 
# neg SLN : 0 
APO perop: pos  
LVI:  ja  
Size M+:  macro 







Each patient information from the  
external validation patient series was 
 introduced  into the predictive model  
to perform the external validation 
 
 
AUC values with CI were calculated  
for each center separately and ROC  
curves were  plotted 

External validation of UHL model: ROC was 
constructed and AUC with 95% CI  was estimated  



Receiving Operating Characteristics Center A 



Receiving Operating Characteristics Center B 



 

 

 Low numbers ~ poor / excellent validation 

So, models not general applicable! 



ALN-status in EBC ~ a lot 

Population studied: ALND versus  SLN 

Tumor characteristics: LVI, size, focality, 
location areolar/lateral, morphology, … 

Age interferes with size (U-curve) 

Mode of detection: Screen < Palpable 

Subtype: ER-PR-HER-2 (triple positive) 

 



Our model: how to explain differences? 

 Different between-center procedures 

 SLN ident & path evaluation  not standard  

 Different radiologists, surgeons, pathologists (also within) 

 Important differences comparing A with UHL & B (both comparable) 

 A: larger size/ more LVI/lower grade/less N° SLN assessed (~N° involved N-SLNs) 

 Involved- NSLN (25%-60%) [UHL: 21.9% /A: 39.6% /B: 33.9%] 

 Time of SLN-Assessment 

 UHL: more post than per-op versus A/B more per than postop 

 Important variable : 9.5% (postop) versus 38.2% (perop) 

 Independent of lobular subtype 

And many more…. 



Conclusion: 

 Predictive models perform differently in external validation 

 Chance calculation = no exact science 

 Don’t apply a certain model; adjust for own data/ own model 

 UHL MV: 

• Less parameters than MSKCC Nomogram but as good 

• IOA / Applicable after Mastectomy/ Large size T/ any age 

• Value when judging postoperatively (LVI; SLN-size) 

• Overtreatment   

• Importance might decrease over time  

BUT 
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UV & MV analysis  

UNIVARIATE: Size, grade, LVI, n° +SLN, n° -SLN, SLN-size, IOA 
Confounding factor?:SLN-size with IOA: (constructed bivariate model): NO 
 
MULTIVARIATE: LVI, N° -SLN, SLN-size, IOA 
 
The parameter estimates for 4 variables in MV model could be used to predict NSLN 
The bootstrap-corrected AUC for MV model = 0.76 



n = 4292 n = 1506 






