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Abstract 

Aim : To investigate whether omitting intra-operative staging of the sentinel lymph 

node (SLN) in T1-N0 breast-cancer patients is feasible and convenient because it could 

allow a more efficient management of human and logistic resources without leading to 

an unacceptable increase in the  rate of delayed axillary lymph node dissection (ALND).  

Methods : According to the experimental procedure, T1a-T1b-patients were to not 

receive any intra-operative SLN evaluation on frozen sections (FS). In all T1c-patients, 

the SLN was macroscopically examined; if the node appeared clearly free of disease, no 

further intra-operative assessment was performed; if the node was clearly metastatic or 

presented a dubious aspect, the pathologist proceeded with analysis on FS. T2-patients, 

enrolled in the study as reference group, were treated according the institutional 

standard procedure; they all received  SLN staging on FS.  

Results : The study included 395 T1-N0 patients. Among the 118 T1a-T1b-patients 

whose SLN was not analyzed at surgery, 12 (10.2%) were recalled for ALND. In the 

group of 258 T1c-patients, 112 received SLN analysis on FS and 146 did not. A SLN 

falsely negative either at macroscopic or FS examination was found in 33 (12.8%) 

cases.  Overall, the rate of recall for ALND was 11.6% as compared to 8.4% in T2-

patients. Using the experimental protocol, the institution reached a 9.6% cost saving, as 

compared to the standard procedure.  

Conclusions : Omission of SLN intra-operative staging in T1-N0 patients is rather safe. 

It  provides the institution with both management and economical advantages.  

 

Keywords: breast cancer, sentinel lymph node, intra-operative evaluation, axillary 

lymph node dissection  
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 Introduction 

Resection of the primary tumor together with axillary lymph node dissection 

(ALND) has long been the standard surgical management of early-stage breast cancer. 

However, axillary metastases are found in only ~40% of the cases [1, 2]; the remaining 

patients derive no benefit from axillary surgery but unnecessarily face common 

morbidities from ALND [3]. For patients with early-stage tumor (T1-T2) and clinically 

negative lymph nodes (N0), this problem is now obviated by the use of the sentinel 

lymph node biopsy (SLNB). This minimally invasive, safe and acceptably accurate 

procedure has a high negative predictive value for  axillary status [4,5,6] and  is 

nowadays the recommended method for axilla staging  [7, 8, 9].  

 Nevertheless, several aspects need further evaluation: 1) is ALND mandatory for 

all patients with metastatic SLN?; 2) what is the prognostic significance of SLN 

micrometastases, particularly those evidenced only by immunohistochemistry, and of 

isolated tumor cells? 3) can patients presenting both SLN micrometastasis and small-

size tumor be spared ALND? 4) is it necessary to always perform SLNB, and when 

needed, ALND during the initial surgery or could these procedures be postponed in 

specific instances?   

This last question emerges from several considerations [8,10,11]: screening 

mammography has increased the proportion of patients presenting a ≤1cm tumor; these 

patients have alow probability of nodal disease as the incidence of positive SLN 

increases with tumor size; the presence of SLN micrometastases is predominantly 

associated with pT1a-1b tumors;  intra-operative false-negative SLN staging on frozen 

sections (FS) is largely due to the failure to detect micrometastasis by hematoxylin-
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eosin;; pT1c-pT2-patients mostly benefit from FS examination since the sensitivity of 

the procedure increases with tumor size.  

Based on these considerations, the present study was designed to investigate 

whether intra-operative SLN staging on FS could be omitted in T1-N0-patients and 

deferred to definitive evaluation on paraffin sections (PFS). As for risk/benefit and 

cost/benefit, we hypothesized that this approach could provide patients with shorter 

surgery duration and hospital stay without substantially increasing the rate of second 

surgery for ALND, but allowing more efficient use of human resources and logistic 

facilities. 
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Patients and methods 

Study hypothesis 

 The main hypothesis was that intra-operative SLN evaluation on FS could be 

omitted, with measurable efficiency gains, in all patients clinically staged T1a-T1b, and 

in the subgroup of T1c-patients presenting a SLN macroscopically free of disease. We 

investigated whether this approach was associated with an unacceptably high rate of 

recall for ALND, thereby counterbalancing/nullifying the advantages deriving from the 

reduced duration of the initial surgery. The rate of delayed ALND in T2-patients due to 

false-negative SLN on FS, was used as reference. Indeed, an overview of our whole 

case series across the period 1998-2004 has given an acceptable false-negative rate of 8-

9%. 

 A second objective was to assess the accuracy and negative predictive value of 

the macroscopic evaluation performed by the pathologist in  T1c-patients.  

 A third objective was to estimate the economical and organizational implications 

of the experimental procedure.    

 

Patient population 

 This single-center, uncontrolled study was conducted at the National Cancer 

Research Institute of Genoa, Italy. The protocol, which introduced a modification in our 

current surgical procedures, that is intra-operative SLN evaluation on FS for all patients, 

was approved by Institutional Ethical Committees and conducted in accordance with 

International Good Clinical Practice Guidelines. Patients satisfying the following 

criteria were selected: primary infiltrating breast carcinoma (cytohistologically C5), 

small-size tumor (T1-T2) as estimated by mammography and/or ecography, clinically 
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negative axillary nodes. Eligible patients who had undergone previous surgery on the 

same breast and/or the ipsilateral axilla, or presented a bilateral, multifocal or 

multicentric tumor were excluded. All enrolled patients were informed on study aims 

and implications and   signed a consent form. 

 

Surgical protocol (Figure 1) 

In all patients, SLN was identified and retrieved as previously described [12].   

Patients clinically staged T1a, T1b or T1c represent the experimental group 

undergoing the intra-operative protocol under investigation. Information on T2-patients 

treated according to our standard intra-operative protocol is also provided to allow 

comparisons with surgical practices in other institutions. 

Experimental intra-operative protocol  

No intra-operative SLN evaluation was performed in T1a-T1b-patients (tumor 

size ≤1cm); SLN diagnosis was deferred to the definitive examination on PFS  and no 

axillary dissection was  performed in concomitance with surgery.  

 In T1c-patients (tumor size>1cm but ≤2cm), SLN was subjected to intra-

operative macroscopic evaluation as follows: the pathologist first appraised SLN 

dimension and consistency as well as the status of the capsula. The SLN was then 

bisected along its major axis and both cut surfaces were assessed for color, nodularity, 

hemorrhage and necrosis.  If none of these parameters was suspicious, the SLN was 

considered negative and embedded in paraffin for definitive post-operative evaluation; 

no axillary dissection was performed in concomitance with surgery. If the SLN 

presented areas possibly metastatic, FS were analyzed. If metastatses were found,  the 

surgeon proceeded with ALND. If the SLN was clearly metastatic, FS were anyway 
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analyzed to confirm the diagnosis of node disease and ALND was immediately 

performed. 

Standard intra-operative protocol 

All T2-patients (tumor size >2cm but ≤5cm) underwent SLNB on FS, which was 

immediately followed by ALND  if the SLN was metastatic.  

 

Intra-operative SLN evaluation  on frozen sections 

The SLN was bisected along its major axis. Five frozen sections, each 4-µm 

thick, were cut every 50 µm in each half  and stained with hematoxylin-eosin. 

 

Definitive post-operative SLN evaluation on paraffin sections 

The bisected SLN was fixed in formalin for 24 hours and embedded in paraffin. 

In each half, 10 sections, each 4-µm thick, were cut at every 50 µm (first 5) and every 

150 µm (next 5). All sections, but the second and the ninth, were stained with 

hematoxylin-eosin. If the diagnosis resulted negative or ambiguous, the second and the 

ninth sections were tested by immunohistochemistry for the presence of cytokeratins, as 

previously described [12].   

 

Economical and organizational evaluations 

We considered 4 types of surgical procedures and estimated their respective 

costs including surgery room occupation, medical and nursing staff time, histological 

SLN assessment and patient care: procedure #1) tumor excision with SLN retrieval but 

no evaluation on FS; procedure #2) tumor excision with SLNB on FS but no ALND; 

procedure #3) tumor excision with SLNB on FS and ALND; procedure #4) second 
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surgery for delayed ALND. Based on costs of personnel and hospital care at our 

institution, the estimates of procedures #1, #2, #3 and #4 were 1150, 1467, 2550 and 

1795 euros, respectively. 
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Results 

Patient characteristics  

 Between January 2005 and December 2007, 558 T1-T2-N0 patients were 

admitted for surgery at our institution. Among them, 33 were not eligible for the study 

because they had undergone previous surgery on the same breast (n=26), or presented a 

bilateral (n=5) or multifocal (n=2) tumor. The study thus included 525 patients whose 

characteristics are summarized in Table 1 

 

Compliance with protocol  

Considering all 525 patients, a total of 989 SLNs were identified and removed  

(median 2.0 node/patient, range 1 to 6). Table 2 reports both intra-operative SLN 

evaluation and ALND performed during surgery, as well as the compliance with the 

protocol assigned according to the clinical T.  

 

Experimental protocol 

 Among the 137 T1a-T1b-patients, 118 did not undergo any intra-operative SLN 

evaluation and, consequently, no concomitant ALND was performed. SLN status was 

assessed only at definitive examination on PFS, in compliance with the protocol. For the 

other 19 T1a-T1b-patients, the surgeon specifically requested  intra-operative SLN 

examination on FS because of the dubious macroscopic appearance of the node. Six of 

those patients presented SLN metastases and underwent concomitant ALND.  

 For all 258 T1c-patients, SLN was macroscopically evaluated. In 146 cases, it 

appeared negative, and neither further SLN analysis nor ALND was  performed. Ten 

other patients had a clearly metastatic SLN, which was histologically confirmed, and 
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received immediate ALND. For the remaining 102 patients, the macroscopic evaluation 

resulted unclear and was thus followed by histological analysis on FS. Metastases were 

found in 43 cases and concomitant ALND was performed. The other 59 patients who 

presented a histologically negative SLN were spared ALND.  

 

Standard protocol 

 Among the 130 T2-patients, 126 received histological SLN analysis. Fifty-one 

of them presented metastases and underwent immediate ALND. Other 75 patients had a 

negative SLN. For the last 4 patients, SLN assessment on FS was unfeasible due to the 

exceeding adiposity of the node. The SLN was thus macroscopically evaluated and 

resulted negative in all 4 cases. None of these 79 patients with negative SLN received 

ALND 

 

SLN status at definitive diagnosis  

 Table 3 summarizes the results of the definitive diagnosis of the SLN on PFS as 

compared with  the intra-operative evaluation. 

Experimental protocol (Table 3A) 

 Among the 118 T1a-T1b-patients whose SLN was not evaluated during surgery, 

12 resulted positive on PFS. Six of them presented SLN micrometastases (foci > 0.2 

mm but ≤ 2 mm) and other 6 had SLN macrometastases (foci >2mm). All 12 patients 

were thus recalled to undergo ALND.  For the remaining 106 patients,  the SLN  was 

free of disease, which obviated the need for ALND.  

Upon intra-operative macroscopic evaluation, the SLN of 146 T1c-patients was 

considered negative. The diagnosis was correct in 121 of the cases. By contrast, the 
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SLN was falsely negative for 25 patients, resulting at definitive diagnosis 

micrometastatic or macrometastatic in 12 and 13 of the cases, respectively. All these 25 

patients thus received delayed ALND. For the 131 patients (112 T1c and 19 T1a-T1b-

patients) whose SLN was macroscopically either clearly positive or dubious, additional 

intra-operative examination on FS evidenced 8 cases with micrometastasis, 51 (39.8%) 

cases with macrometastasis and 72 cases free of disease. The 51 macrometastases were 

all confirmed at definitive examination while 2 of the 8 micrometastases resulted to be 

macrometastases.  Among the 72 SLNs diagnosed disease-free on FS, 9 were found 

positive on PFS. Seven of these SLNs presented micrometastases and 2 had 

macrometastases. Thus, for this subgroup of 131 patients, the prevalence of metastatic 

SLN was 51.9% (95% CI 48.8 - 55.0). The accuracy and the negative predictive value 

of the intra-operative SLN evaluation on FS were 93.1% (95% CI 91.4 – 94.5) and 

87.5% (95% CI 85.3 – 89.4), respectively.  The rate of  recall for delayed ALND was 

6.9% (95% CI 5.5 – 8.7). 

 

Accuracy of intra-operative macroscopic SLN examination  for the subgroup of T1- 

patients 

Overall, among the 258 T1c-patients, 86 presented SLN metastases, (24 

micrometastases and 62 macrometastases). Fifty-three of these positive SLNs were 

identified by macroscopic evaluation for a sensitivity of 61.6% (95% CI 58.6 – 64.6), 

while 51 SLNs were false-positive at macroscopic evaluation for a specificity of 70.3% 

(95% CI 67.4 – 73.1). Positive and negative predictive values of SLN macroscopic 

evaluations were 54.5% (95%  CI 51.4 – 57.6) and 82.9% (95% CI 80.4 – 85.1), 

respectively. 
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Standard protocol (Table T3B) 

 All T2-patients, except for the 4 cases with  lipomatous SLN,  received intra-

operative SLN analysis on FS, without preliminary macroscopic evaluation. 

Micrometastases and macrometastases were found in 6 and 46 cases, respectively. SLN 

positivity was confirmed on PFS for all these 52 patients. Among the remaining 78 

patients diagnosed SLN negative on FS, 67 were truly negative while 11 presented 

micrometastatic (n=8) or macrometastatic (n=3) at definitive evaluation. Prevalence of 

metastatic SLN in this subgroup was 48.5% (95% CI 45.4 – 51.6). Accuracy and 

negative predictive value of the diagnosis on FS were 91.5% (89.6 – 93.1) and 85.9% 

(95% CI 83.6 – 87.9), respectively. The rate of second surgery for ALND was 8.4% 

(95% CI 6.8 – 10.3), which is in line with the ≈8 to 9% rate of recall we observed at our 

institution across the 1998-2004 period.  

 

Risk/benefit and cost/benefit evaluations 

Benefit evaluation 

Table 3A shows that, overall, 46 out of the 395 patients treated according to the 

experimental procedure had to undergo a second surgery for ALND. Thus, the risk of 

not  identifying  metastatic SLN(s) in  this settings  is  slightly  higher as compared with 

the expected risk of having false-negative SLN(s) on standard FS (11.6% versus the 

≈8.0% estimated from our 1998-2004 institutional report).  

 

Cost evaluation 
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Table 4 compares, within this group of 395 patients, the actual costs of the 

experimental protocol with the theoretical costs the institution would have if all patients 

were treated according to the standard protocol. Table 4A summarizes  the cost of each 

of the 4 surgical procedures used in the study. .  

All 118 T1a-T1b-patients not receiving any intra-operative SLN evaluation 

underwent  procedure #1 (Table 4B). Twelve of them were also recalled for second 

surgery. The total cost was thus 157,600 euros. If these patients were treated with the 

standard protocol, 106 would have procedure #2. Considering a ≈8%  false-negative rate 

on FS, 1 of the other 12 patients would receive both procedure #2 and recall for ALND. 

The remaining 11 patients would undergo procedure #3. Overall, the theoretical cost of 

the standard procedure would be 186,900 euros.  For this subgroup of T1a-T1b-patients, 

the actual cost was thus ≈15.7% less than the theoretical one.   

When we analyzed on the same line the subgroup of 146 T1c-patients who 

underwent only macroscopic SLN evaluation, we obtained an actual cost of 212,800 

euros (Table 4C), which includes 146 procedures #1 and 25 recalls for ALND. The 

standard protocol would foresee, for a total cost of 242,700 euros, 123 procedures #2 

including 2 cases of false-negative SLN needing delayed ALND, and 23 procedures #3.  

The actual cost thus represented 87.7% of the theoretical one. 

The remaining 131 T1c-patients who underwent both macroscopic and 

histological SLN evaluations were treated essentially as the standard protocol. Actual 

and theoretical costs are thus equivalent. 

Table 4D summarizes the global cost evaluation for all 395 patients of the 

experimental group. Overall, 264 patients did not have histological SLN examination 

(procedure #1) , 63 presented a histologically negative SLN and did not receive ALND 
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(procedure #2), 59 with positive SLN underwent concomitant ALND (procedure #3) 

and 46 with false-negative SLN had delayed ALND (procedure #4). The total cost of 

the experimental procedure was thus 629,100 euros. If the standard protocol were 

applied, 299 of these patients, that is those  with a negative SLN,  would have procedure 

#2, 59 patients with positive SLN would receive procedure #3 and other 9 patients with 

false-negative SLN would have procedure #4. Among the remaining 37 patients who 

did not have intra-operative histological SLN assessment, 3 would have a delayed 

ALND based on the expected 8% rate of false-negative node, which raises the number 

of procedure #4 to 12. The other 34 patients would be correctly diagnosed with a 

positive SLN and undergo concomitant ALND. The total theoretical cost would be 

697,400 euros. Using the experimental protocol, the institution thus reached an overall 

9.8% saving, corresponding to ≈70.000 euros. 
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Discussion 

Rate of delayed ALND  

We investigated whether intra-operative SLN evaluation could be omitted for 

patients clinically staged T1-N0, without excessively jeopardizing their post-surgery 

course while allowing more efficient use of human resources and logistic facilities. The 

main parameter under assessment was the rate of delayed ALND as compared to that we 

usually observe when applying standard surgical procedures. This rate of 8-9% is 

provided by the group of T2-patients here included as reference and is similar to that 

observed across 69 other studies  [8].                

For the group of T1a-T1b-patients whose SLN was not evaluated at surgery, the 

rate of delayed ALND was 10.2%, which is quite acceptable as compared to the 8.4% 

rate observed for the T2-patients. Among the 146 T1c-patients whose SLN was 

evaluated only macroscopically, the node was falsely negative in 25 cases, thus giving a 

rate of delayed ALND as high as 17.1%. However, in most cases, the pathologist could 

not have detected these metastases as they were either micrometastases <0.2mm (n=12), 

or sparse metastatic cells originating from infiltrating lobular carcinomas (n=4), or 

metastases embedded in a lipomatous SLN (n=3).  

 

Risk and benefit considerations 

a) in the present settings 

Overall, 46 of the 395 patients of the experimental group needed a second 

surgery for completion of axillary lymph node dissection. This corresponds to a 3.2% 

increase of delayed ALND as compared to the 8.4% reference rate. In terms of 
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cost/benefit, the overall cost of these 395 experimental procedures was 9.8% less than if 

all patients were treated according to the standard procedures.  

The limited, though non-negligible, risk of delayed ALND and the economical 

implications are not the sole factors to be taken into account when considering our 

experimental protocol as a possible routine option for T1-N0-patients. Indeed, this 

protocol warrants both shorter surgery duration  and  hospital stay for the majority of 

patients; in turn, this  allows  more efficient management of human resources and use of 

surgery rooms. When intra-operative SLN examination is not performed, surgery 

duration is reduced by 23 % or 34% as compared to a surgery that includes SLNB with 

negative result or SLNB with positive result and subsequent ALND, respectively. Thus, 

more patients can be treated by the same staff and waiting lists can be shortened. by 

simply scheduling surgery, on fixed days, for only T1-N0 patients.  

 

b) in the absence of any intra-operative SLN evaluation 

We are aware that at some institutions, intra-operative SLN evaluation is never 

performed for T1-T2-N0 patients but is straightly deferred to the definitive diagnosis on 

PFS. Considering the T1-patients of our study, those with a T1c-tumor and a SLN 

macroscopically unclear or positive received intra-operative SLN examination. If this 

intra-operative evaluation were not performed, the management of human resources and 

logistic facilities would further improve. However, the additional economical advantage 

would be insignificant (less than 1.5%) and patients would suffer major distress 

knowing that the possibility to be recalled for a second surgery is greater than 1 over 10. 

On the same line, if the SLN of the T2-patients were evaluated only at definitive 
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analysis, time and cost savings would be negligible due a rate of delayed ALND as high 

as 40%.  

 

Conclusions 

The experimental protocol here evaluated (no SLN evaluation or macroscopic 

examination) seems to be rather safe for the subgroup of T1-N0-patients. Furthermore, 

it is beneficial for the institution, in terms of efficiency and costs. Alternatively, the 

possibility not to perform any intra-operative evaluation but to always defer SLN 

assessment to post-surgery definitive diagnosis might be considered for all T1-N0-

patients. A third option is to let the patients, fully informed on the risks and implications 

of the procedure, freely choose whether to undergo intra-operative  SLN evaluation and, 

if needed, immediate ALND. Intra-operative SLN examination should remain the 

standard procedure for  all T2-N0-patients. 
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Legends to Figures 
 
Figure 1 : Study design and protocol both for intra-operative evaluation of the sentinel 

lymph node and total axillary dissection.  

SLN, sentinel lymph node; H&E, hematoxylin-eosin; ALND, axillary lymph node 

dissection  
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Table 1.  Patient characteristics (n = 525) 

 
 

Characteristic 
 

 
       n              (% )  

 
Age (years) 
      Median (range) 
 
Age by category 
   ≤ 45 y 
   46 – 55 y 
   56 – 65 y 
  > 65 y 
 

 
 
63 (23 – 85)  
 
 
    126           (24.0) 
    102           (19.4) 
    163           (31.0) 
    134           (25.5) 

 
Clinical T     T1a                      
   T1b                            
   T1c                             
   T2                              

 
 
      28           ( 5.3)        
    109           (20.8)              
    258           (49.1)             
    130           (24.8)              
        

 
Pathological T 
   pT1a 
   pT1b 
   pT1c 
   pT2 
   pT3 
    

 
 
      27           (5.1) 
    106           (20.2) 
    250           (47.6) 
    141           (26.9) 
        1           (0.2) 
 

 
Tumor site 
   Right 
   Left 
 

 
 
    248           (47.2) 
    277           (52.8) 

 
Quadrant  
   QSE     
   QSI  
   QII  
   QIE 
   QC 
   >1 Quadrant 
 

 
 
    215           (41.0) 
      60           (11.4) 
      47           (9.0) 
      31           (5.9) 
      24           (4.6) 
    148           (28.1)   
 

 
Tumor histology 
   Ductal  
   Lobular 
   Other 
    

 
 
    431           (82.1) 
      60           (11.4) 
      34           (6.5) 
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Pathological N 
   pN0 
   pN1mic 
   pN1a 
   pN2a 
   pN2 
   pN3a 
 

 
 
    348           (66.3) 
      37           (7.0) 
    115           (21.9) 
      11           (2.1) 
        7           (1.3) 
        7           (1.3) 

 
Grading 
   G1 
   G2 
   G3 
   Gx 
 

 
 
      96           (18.3) 
    319           (60.8) 
    109           (20.8) 
        1           (0.2) 

 
Hormonal receptor status 
   ER + / PgR + 
   ER - / PgR + 
   ER + / PgR - 
   ER - / PgR - 
   Unknown 
 

 
 
    397           (675.6) 
        2           (0.4) 
      50           (9.5) 
      65           (12.4) 
      11           (2.1) 

 
Ki67 
   ≤ 15% 
   > 15% 
 

 
 
    197           (37.5) 
    328           (62.5) 
 

c-erB-2 
   Negative 
   1 + 
   2 + 
   3 + 
   Unknown  
 

 
    438           (83.4) 
      27           (5.1) 
      24           (4.6) 
      25           (4.9) 
      11           (2.1) 
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 Table 2 : Compliance to the protocol established for both intra-operative SLN evaluation and axillary lymph node dissection, 

 stratified by clinical T.  

 
 
SLN evaluation 
(H.E. histological 
staining) 
 

 
Axillary 

dissection 

      
           T1a –1b (total=137) 
     n              compliance 

 
T1c (total=258) 

     n                compliance      

 
T2 (total=130) 

   n         compliance 

 
no 

 
no 

 
   118             (as protocol) 
 

 
  146       (as protocol - 
                         macroscopic negative)  
 

 

  4
§
         fatty SLN                                             

 

 
yes 

 
no 

 

   13 
#
             SLN dubious 

 

 
   59        (as protocol - 

                    macroscopic unclear - 
       H.E. negative) 

               

 
75           (as protocol)      
 

 
yes 

 
yes 

 

   6 
#  

             SLN dubious 
 

 
   43        (as protocol -  

                     macroscopic  unclear -  
     H.E. positive) 

 

 
   51         (as protocol)      

 
yes 

 
yes 

    
     -                            - 

 
   10          (as protocol - 
                         macroscopic positive)  
 

      
      -                     -                        

 
#
 intra-operative histological diagnosis performed upon explicit request from the surgeon. 

§
 macroscopic evaluation only (intra-operative histological assessment not feasible). 
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Table 3 : SLN status at definitive diagnosis as compared to the intra-operative assessment. 
 
A. Experimental protocol (T1a, T1b and T1c patients) 
 

 
SLN status 

 

 
No evaluation 

 
 

T1a – T1b 
(n=118) 

Intra        Definitive 
 

 
Macroscopic 

evaluation – negative 
 

T1c 
(n=146) 

Intra              Definitive 

 
Macroscopic evaluation – positive or unclear followed 
by intra-operative H.E .histological staining���� 
      
            T1c                                                   T1a – T1b  
         (n=112)                                                   (n=19)                                          
 Intra          Definitive                          Intra          Definitive 

 
Micrometastasis 
 
 
 
 
Macrometastasis 
 
 
Negative 

   
    -                 6  
 
    
   
 
    -                 6  
 
    
    -              106  

   
    -                       - 
 
  
    -                       - 
 
 
  
 
 146               neg 121  
                      pos 25  
                     - micro 12 
                     - macro 13 
 

 
8         neg 0                                      -                   -            

                  pos 8  
                  - micro 6 
                  - macro 2 

 
  45            neg 0                                      6            neg 0 
                  pos 45                                                  pos 6  

 
59            neg 51                                  13            neg 12  

                  pos 8                                                    pos 1  
                  - micro 6                                              - micro 1 
                  - macro 2 
                  

Test in % (95% CI) 
 

Recall for ALND 
Accuracy 
Negative Predictive Value 
Prevalence of metastatic SLN 
 

  
 

10.2 (8.5-12.2) 
- 
- 

10.2  (8.5-12.2) 

 
 

17.1 (14.9-19.6) 
- 

82.9  (80.4-85.1) 
17.1  (14.9-19.6) 

 

        T1c                           Total                       T1a-T1b               
 

   7.1 (5.7-8.9)            6.9 (5.5-8.7)               5.3 (4.1-6.9) 
92.9 (91.1-94.3)      93.1 (91.4-94.5)         94.7 (93.1-95.9) 
86.4 (84.1-88.4)      87.5 (85.3-89.4)         92.3 (90.5-93.8) 
54.5 (51.4-57.6)      51.9 (48.8-55.0)         36.8 (33.9-40.8) 
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���� including the 19 T1a-1b patients who underwent SLN intra-operative histological evaluation upon explicit request from the surgeon 

  

B. Standard protocol (T2 patients) 

 
SLN status 

 

 
Intra-operative H.E. 
histological staining) 

(n=130) 
 
  Intra            Definitive 
 

 
Micrometastasis 
 
 
 
 
Macrometastasis 
 
 
Negative 

   
    6                  neg 0 
                        pos 6  

    -   micro5 
    -   macro 1 

 
  46                   neg 0 
                         pos 46  
 
78                     neg 67   
                         pos 11  

     -   micro 8 
     -   macro 3 

                      
Test  in % (95% CI) 

 
Recall for ALND 
Accuracy 
Negative Predictive Value 
Prevalence of metastatic SLN  
 

  
 

8.4 (6.8-10.3) 
91.5  (89.6-93.1) 
85.9  (83.6-87.9) 
48.5  (45.4-51.6) 

H.E. : haematoxylin-eosin; 95% CI : 95% confidence intervals 
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Table 4 : Comparative cost evaluation between the experimental and the standard protocols 
 
A. Description of the procedures 
 

 
Procedure 

 

 
Tumor 

resection 
 

 

 
Pre- and post-
surgery room 

(min) 

 
Surgery room 

and staff 
(min) 

 
SLN histological 

evaluation  
(min) 

 
Axillary 

dissection 
(min) 

 
Hospital care 

(days) 

 
Cost 

(euros) 

 
# 1 

 
yes 

 
yes (45) 

 
yes (60) 

 
no 

 
no 

 
yes (1) 

 
1,150 

 
 

# 2 
 

yes 
 

yes (45) 
 

yes (60) 
 

yes (30) 
 

no 
 

yes (1) 
 

1,467 
 

 
# 3 

 
yes 

 
yes (45) 

 
yes (60) 

 
yes (30) 

 
yes (30) 

 
yes (3) 

 
2,550 

 
 

# 4 
 

no 
 

yes (45) 
 

yes (45) 
 

no 
 

yes (45) 
 

yes (3) 
 

1,795 
 

 
B. Cost evaluation for the 118 T1a-T1b patients undergoing no intra-operative SLN evaluation 
 
Cost in euros 
(K=x1,000) 

Actual cost 
 

Theoretical cost 

Procedure type 1 2 3 4 1 2 3 4 
 
N° procedure  

 
118 
 

 
- 

 
- 

 
12 

 
- 

 
106 + 1 

 
11 

 
1 

 
Cost per 
procedure 
 

 
136,0 K 

 
- 

 
- 

 
21,6 K 

 
- 

 
157,0 K 

 
28,1 K 

 
1,8 K 
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Total cost (%) 
 

 
157,6 K (84.3) 

 
186,9 K(100) 

 
C. Cost evaluation for the 146 T1c patients undergoing only macroscopic SLN evaluation 
 
Cost in euros 
(K=x1,000) 

Actual cost 
 

Theoretical cost 

Procedure type 1 2 3 4 1 2 3 4 
 
N° procedure  
 

 
146 

 
- 

 
- 

 
25 

 
- 

 
121+2 

 
23 

 
2 

 
Cost per 
procedure 
 

 
167,9 K 

 
- 

 
- 

 
44;9 K 

 
- 

 
180,4 K 

 
58,7 K 

 
3,6 K 

 
Total cost (%) 
 

 
212,8 K (87.7) 

 
242,7 K (100) 

 
D. Cost evaluation for all 395 patients undergoing the experimental procedure 
 
Cost in euros 
(K=x1,000) 

Actual cost 
 

Theoretical cost 

Procedure type 1 2 3 4 1 2 3 4 
 
N° procedure  
 

 
264 

 
63 

 
59 

 
46 

 
- 

 
299 

 
59 + 34 

 
9 + 3 

 
Cost per 
procedure 
 

 
303,6 K 

 
92,4 K 

 
150,5 K 

 
82,6 K 

 
- 

 
438,6 K 

 
237,2 K 

 
21,6 K 

 
Total cost (%) 

 
629,1 K (90.2) 

 
697,4 K (100) 
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