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Abstract 34 

The Total Tumor Load (TTL) concept has been demonstrated to accurately 35 

predict the status of the non-sentinel lymph nodes (NSLN) in breast cancer 36 

patients. In 2019, our center implemented the TTL cut-off of 30,000 CK19 mRNA 37 

copies/µL as sole criterion for deciding on performing ALND. 38 

This retrospective, unicentric, study analyzed 87 cT1-3N0 breast cancer patients 39 

treated consecutively in a period of two years and aimed to evaluate the 40 

performance of this criterion. Secondary objectives included the comparison of 41 

the criterion versus our previous Clinical Decision Rule (CDR) versus ACOSOG 42 

Z0011 criteria for avoiding an ALND in proportion of patients spared an ALND and 43 

in proportion of patients left with a surgically untreated metastasized axilla. An 44 

interim analysis revealed new TTL cut-offs for deciding on performing an ALND.  45 

The 30,000 CK19 mRNA copies/µL criterion yielded an area under the ROC 46 

Curve (AUC) of 0.849, a false positive (FP) rate of 30.1% and a positive predictive 47 

value (PPV) of 38.9%. The 30,000 CK19 mRNA copies/µL criterion spared 58.6% 48 

of the patients an ALND versus 41.4% with CDR versus 73.6% with Z0011 and 49 

left 0.0% patients with a surgically untreated metastasized axilla versus 21.4% 50 

with CDR versus 42.9% with Z0011. The new TTL cut-off of 260,000 CK19 mRNA 51 

copies/µL for deciding on an ALND yielded an AUC of 0.753, a FP rate of 13.7% 52 

and a PPV of 47.4%. This new criterion spared 78.2% of the study sample an 53 

ALND and left 35.7% of metastasized axillae surgically untreated. 54 

This study emphasizes the need to find a new balance between locoregional 55 

control and the morbidity associated with Berg levels I+II axillary lymph node 56 

dissection. 57 



1. Introduction 58 

Axillary lymph node status remains an important determinant of prognosis in 59 

patients with invasive breast cancer.  60 

Sentinel lymph node (SLN) biopsy has gradually replaced axillary lymph node 61 

dissection (ALND) as the preferred method for nodal staging in the clinically node-62 

negative early stage breast cancer patient [1,2]. In current state of the art, a 63 

patient with a negative SLN can forego an ALND [3,4]. Also, the presence of 64 

isolated tumor cells in the SLN does not warrant an ALND [5].  65 

Non-sentinel lymph node (NSLN) metastasis can be present in 13-24% of the 66 

patients with a SLN micrometastasis and in 45-79% of the patients with a SLN 67 

macrometastasis [6].  68 

The IBCSG 23-01 trial showed that no-ALND was non-inferior to performing 69 

ALND in terms of disease-free survival and overall survival in patients with SLN 70 

micrometastasis [7]. 71 

If accurate prediction of NSLN status can be achieved, many patients can be 72 

spared an ALND, thus avoiding the well-known comorbidities of this procedure 73 

and securing a better quality of life [8,9]. Therefore, numerous nomograms and 74 

clinical decision rules based on patient, tumor and node characteristics have 75 

been developed in an attempt to predict NSLN status [10,11]. 76 

The ACOSOG Z0011 trial results identified a group of patients who were able to 77 

avoid an ALND without a significant 10-year impact on their outcomes [12]. 78 

However, the group was based on restrictive criteria. For example, the 79 

conclusions do not apply to total mastectomy patients, and in some centers, total 80 

mastectomy patients can outnumber breast-conserving surgery patients. Some 81 

studies also challenge the methodology of this trial [13,14].  82 

So far, consensus is still not reached on how to proceed after detection of a SLN 83 

macrometastasis. Current focus is on developing a reliable and simple tool for 84 

prediction of NSLN status, which could be widely applied to most of the breast 85 

cancer population. 86 

The One Step Nucleic Acid Amplification (OSNA) assay is a fast, reproducible, 87 

semi-quantitative, automated and definite method of analyzing the whole of the 88 



SLN [15]. The Total Tumor Load (TTL) concept has been demonstrated to 89 

accurately predict NSLN involvement [16,17]. An analysis of a national 90 

multicenter cohort of breast cancer patients, suggested that a TTL cut-off of 91 

30,000 CK19 mRNA copies/µL was able to adequately predict NSLN involvement 92 

in 54.8% of the positive SLN patients with an area under the receiver operating 93 

characteristics curve (AUC) of 0.636, regardless of the type of surgery performed 94 

[11]. 95 

The main objective of this study was to evaluate the performance of the 30,000 96 

CK19 mRNA copies/µL criterion for deciding on an ALND when applied to a 97 

cohort of consecutive patients for a period of 2 years. 98 

Secondary objectives included comparison of the 30,000 CK19 mRNA copies/µL 99 

criterion with the previous Breast Center Clinical Decision Rule (CDR) [10] and 100 

Z0011 criteria for avoiding ALND [12] in the proportion of patients spared an 101 

ALND and the proportion of NSLN positive patients not submitted to an ALND. 102 

In an interim analysis, additional TTL cut-offs for predicting NSLN involvement 103 

were searched with emphasis on specificity. 104 

 105 
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2. Methods 117 

2.1. Study type and population 118 

The present study is observational, retrospective and unicentric. We studied 119 

patients treated between July 1st 2019 to June 30th 2021, at the Breast Center of 120 

CHUSJ, Porto, Portugal. Data from patients with a cT1-3 cN0 tumor whose SLN 121 

was processed via OSNA assay and the TTL calculated were collected. Patients 122 

submitted to neoadjuvant systemic treatment, patients who had previous 123 

ipsilateral breast carcinoma, and patients with a TTL equal to 0 CK19 mRNA 124 

copies/µL were excluded. Total study sample consisted of 87 patients. Figure 1 125 

illustrates a flowchart of patients included. 126 

2.2. Variables 127 

Variables collected were age at diagnosis, follow-up time, tumor size, grade and 128 

histological type, multifocality, lymphovascular and perineural invasion, estrogen 129 

and progesterone receptor status, HER2 status, surgical treatment, number of 130 

biopsied SLN, number of positive SLN, TTL, number of excised NSLN during 131 

ALND, number of positive NSLN, adjuvant treatments, locoregional recurrence, 132 

distant metastases and vital status. 133 

2.3. Sentinel lymph node biopsy 134 

SLN were identified using a combined technique, that mingles peritumoral 135 

injection of indocyanine green [18] with subareolar injection of patent blue V dye 136 

[19,20]. All blue, fluorescent or clinically suspicious nodes were considered SLN. 137 

The SLN were processed via the OSNA assay after the SLN biopsy procedure 138 

and the TTL was obtained.  139 

2.4. Total Tumor Load interpretation 140 

TTL represents the sum of the number of CK19 mRNA copies/µL of every positive 141 

SLN. TTL results were assessed in line with the original cut-offs established by 142 

Tsujimoto et al: non-metastasis/isolated tumor cells as below 250 CK19 mRNA 143 

copies/µL; micrometastasis as 250 – 5,000 CK19 mRNA copies/µL; 144 

macrometastasis as above 5,000 CK19 mRNA copies/µL [15]. Previous Breast 145 

Center Clinical Decision Rule (CDR) [10] for deciding on performing an ALND 146 



applied to all patients with metastasized SLN, even if it contained isolated tumor 147 

cells as assessed by conventional pathology. Due to the secondary objective of 148 

comparing the 30,000 CK19 mRNA copies/µL criterion with the previous CDR, all 149 

patients with a TTL equal to 0 CK19 mRNA copies/µL were excluded and patients 150 

with a TTL more than 0 CK19 mRNA copies/µL were included (Figure 1). Patients 151 

with a TTL between 1 and 249 CK19 mRNA copies/µL were considered as having 152 

isolated tumor cells in their SLN. 153 

2.5. Surgery 154 

Patients were submitted to breast conserving surgery or total mastectomy 155 

according to tumor characteristics, multidisciplinary team meeting decision and 156 

discussion between surgeon and patient. Patients with a TTL of 30,000 CK19 157 

mRNA copies/µL or below did not undergo ALND. Patients with a TTL of more 158 

than 30,000 CK19 mRNA copies/µL underwent ALND (Berg levels I+II) [21]. 159 

ALND product was sent to pathology for histological analysis. 160 

2.6. Adjuvant treatments 161 

Adjuvant treatments included endocrine therapy, chemotherapy and 162 

radiotherapy. A patient was considered to have received endocrine therapy if drug 163 

prescription and successive renewals were registered in the clinical records. A 164 

patient was considered to have received chemotherapy (including anti-HER2 165 

therapy) if completion of all chemotherapy cycles as defined by a medical 166 

oncologist was documented in the clinical records. A patient was considered to 167 

have received adjuvant radiotherapy if completion of a whole breast irradiation 168 

course was documented in the clinical records. 169 

2.7. Follow-up 170 

All patients were assessed at the Breast Center out-patient clinic every 6 months. 171 

Patients were submitted to clinical examination, breast and axillary ultrasound 172 

(US), mammography, serum tumor markers, trunk CT scan and bone scan, 173 

according to institutional follow-up protocol. Regional node recurrence was 174 

mainly assessed by clinical examination and axillary US. Suspicious nodes were 175 

submitted to US guided needle biopsy (cytology or histology were both accepted).  176 

 177 



2.8. Tumor type 178 

Molecular subtype was obtained by assessing estrogen and progesterone 179 

receptor and HER2 status. Classification was defined in line with St Gallen's 180 

International Expert Consensus Conference [31].  181 

2.9 NSLN status 182 

In patients with a TTL above 30,000 CK19 mRNA copies/µL, NSLN status was 183 

given by histological analysis of the ALND product and by follow-up, because the 184 

surgeon did not perform a complete three-level ALND. In patients with a TTL of 185 

30,000 CK19 mRNA copies/µL or below, NSLN status was given by follow-up and 186 

by histological analysis of an ALND product, in case clinical axillary recurrence 187 

occurred and the patient underwent an ALND.  188 

2.10. Statistics 189 

A database containing patient, tumor and node characteristics was created and 190 

all statistical analyses were performed using IBM SPSS Statistics v27.0, Chicago, 191 

USA. Frequencies were used for qualitative variables and medians for 192 

quantitative variables. A receiver operating characteristic curve (ROC) analysis 193 

was performed and the area under the curve (AUC) obtained for evaluation of the 194 

TTL discriminative power of NSLN status in our study sample. The AUC was also 195 

obtained for the 30,000 CK19 mRNA copies/µL criterion discriminative power of 196 

NSLN status. In an interim analysis, ROC analysis was used to search for 197 

additional TTL cut-offs in our study sample, and their AUC obtained. Finally, 198 

sensitivity, specificity, positive and negative predictive values and accuracy were 199 

calculated for the 30,000 CK19 mRNA copies/µL criterion and for the additional 200 

TTL cut-offs obtained. 201 

2.11. Ethics 202 

The study was approved by the conjoint Ethics Committee of University Hospital 203 

Center of São João and Faculty of Medicine of Porto University – project number 204 

187/21. 205 



 206 

Figure 1 - Patients included in the study. Abbreviations: H&E -Hematoxylin and Eosin. 207 

 208 

3. Results 209 

Total study sample included 87 patients (Figure 1). The characteristics of the 210 

study sample are synthetized in Table 1. The majority of the study sample (95.4%) 211 

are estrogen receptor-positive tumors. Median follow-up time was 21 months 212 

(range: 7 – 36 months). All but one patient had a follow-up equal to or more than 213 

12 months. The patient died at 7 months of follow-up. 214 

The TTL as a tool for distinguishing between NSLN status in our study sample 215 

yielded an AUC of 0.841 (Figure 2). Median TTL was 10,000 CK19 mRNA 216 

copies/µL (range 210-4,040,000) in the study sample (Table 2). Only one patient 217 

had isolated tumor cells (TTL of 210 CK19 mRNA copies/µL) in the SLN. 36 218 

patients had micrometastasis in the SLN and 50 patients had macrometastasis 219 

in the SLN. 220 

Of the 87 patients included, 36 had a TTL above 30,000 CK19 mRNA copies/µL 221 

and were submitted to ALND. A total of 51 patients had a TTL of 30,000 CK19 222 



mRNA copies/µL or below and did not perform ALND (Tables 1 and 2). 223 

Statistically significant differences were found between patients with a TTL of 224 

30,000 CK19 mRNA copies/µL or below and patients with a TTL above 30,000 225 

CK19 mRNA copies/µL regarding tumor size, tumor grade and presence of 226 

lymphovascular invasion (Table 1). Patients with a TTL less than or equal to 227 

30,000 CK19 mRNA copies/µL also had significantly longer follow-up time (Table 228 

1). Statistically significant differences between these two groups were also found 229 

regarding the number of SLN excised during the biopsy procedure, the number 230 

of SLN metastasized and the total number of lymph-nodes metastasized. The 231 

group with 30,000 CK19 mRNA copies/µL or below had a greater number of SLN 232 

excised and the more than 30,000 CK19 mRNA copies/µL group had more SLN 233 

and total lymph-nodes metastasized (Table 2). 234 

Of the 36 patients submitted to ALND, 14 had metastasized NSLN, whereas 22 235 

performed ALND and all their NSLN were negative. No statistically significant 236 

differences were found regarding the number of NSLN removed during the ALND 237 

procedure or the TTL in the 14 NSLN positive patients versus the 22 NSLN 238 

negative patients (Table 2). 239 

None of the 87 patients developed locoregional recurrence or distant metastases 240 

during follow-up. 241 

Statistically significant differences were found between the 14 NSLN positive 242 

patients and all the other 73 NSLN negative patients regarding the tumor size by 243 

pathology workup (p=0.031), the number of SLN metastasized (p<0.001), the 244 

number of NSLN removed (p<0.001), the number of NSLN metastasized 245 

(p<0.001) and the TTL (p<0.001). 246 

The 30,000 CK19 mRNA copies/µL criterion yielded a sensitivity (SN) of 100.0%, 247 

a false negative rate (FN) of 0.0%, a specificity (SP) of 69.9%, a false positive 248 

rate (FP) of 30.1%, a positive predictive value (PPV) of 38.9% and a negative 249 

predictive value (NPV) of 100.0%. Accuracy was 74.7% and the AUC was 0.849 250 

(Table 3). 251 

Due to the unexpectedly high FP rate (30.1%), a decision was made to search 252 

for additional TTL cut-offs in our study sample that sacrificed sensitivity but gained 253 



in specificity. The receiver operating characteristics curve (ROC) analysis 254 

revealed an interval of TTL values with the same sensitivity, but increasing 255 

specificity. Their rounded-up values were 140,000, 150,000, 200,000 and 256 

260,000 CK19 mRNA copies/µL (Figure 3). All had a sensitivity of 64.3% and a 257 

false negative rate of 35.7%. Specificities were 79.4%, 83.6%, 84.9% and 86.3% 258 

and false positive rates were 20.5%, 16.4%, 15.1% and 13.7% respectively. Their 259 

PPV were 37.5%, 42.9%, 45.0% and 47.4%, respectively. The AUC were 0.719, 260 

0.739, 0.746 and 0.753, respectively (Table 3). 261 

Of the 87 patients in our study sample, the 30,000 CK19 mRNA copies/µL 262 

criterion spared 51 patients (58.6%) an ALND. The previous CDR [15] and the 263 

Z0011 eligibility criteria [19], had they been applied, would spare 36 (41.4%) and 264 

64 (73.6%) patients an ALND, respectively. The new TTL cut-offs spared a 265 

growing number of ALND until a maximum of 68 (78.2%) patients, obtained with 266 

the 260,000 CK19 mRNA copies/µL cut-off (Table 3). Of the 14 patients with a 267 

metastasized axilla, the 30,000 CK19 mRNA copies/µL criterion left 0 patients 268 

with a surgically untreated axilla versus 3 (21.4%) and 6 (42.9%) patients, had 269 

the previous CDR and Z0011 criteria been applied, respectively. All of the new 270 

TTL cut-offs left the same 5 (35.7%) patients with a surgically untreated 271 

metastasized axilla (Table 3). 272 

Of these 5 patients, two were cT1 and three were cT2. While two had 1 positive 273 

SLN, the other three had 2 positive SLN. A total of 4 were treated with 274 

lumpectomy and 1 with total mastectomy. All were treated with whole breast 275 

irradiation and hormone therapy. This means that of these 5 patients, four fulfilled 276 

the Z0011 eligibility criteria for avoiding ALND [19]. The only patient not fulfilling 277 

the eligibility criteria was due to total mastectomy performed. Also, four had 278 

Luminal HER2- tumors and one had a Luminal HER2+ tumor. While four had 2 279 

or less positive NSLN, one had 4 positive NSLN, leading to two pN1 patients and 280 

three pN2. A total of 2 patients received adjuvant chemotherapy, one of whom 281 

was the patient with 4 metastasized NSLN (see supplementary material). 282 

Tables 1 and 2 were repeated using the 260,000 CK19 mRNA copies/µL as cut-283 

off point. Statistically significant differences were observed between the below or 284 

equal to 260,000 CK19 mRNA copies/µL group and the more than 260,000 CK19 285 



mRNA copies/µL group regarding tumor size in mm by pathology workup and 286 

presence of lymphovascular invasion (see supplementary material). The more 287 

than 260,000 CK19 mRNA copies/µL group also had a statistically significant 288 

greater number of SLN metastasized and total number of lymph-nodes 289 

metastasized. 290 

Table 1 - Characteristics of the study sample. 291 

 All 
n = 87 

0 < TTL ≤ 30,000 
CK19 mRNA 

copies/μL 
n = 51 

TLL > 30,000 
CK19 mRNA 

copies/μL 
n = 36 

p 

Age, median (range) 55.0 (32-78) 57.0 (37-76) 53.5 (32-78) 0.907* 
Follow-up in months, 
median (range) 

21 (7-36) 23 (12-36) 20 (7-32) 0.022 

Affected breast, n (%) 
Left 
Right 

 
39 (44.8%) 
48 (55.2%) 

 
24 (47.1%) 
27 (52.9%) 

 
15 (41.7%) 
21 (58.3%) 

0.666** 

Previous contralateral 
Breast Carcinoma, n (%) 

Yes 
No 

 
 

2 (2.3%) 
85 (97.7%) 

  
 

0 (0.0%) 
51 (100.0%) 

 
 

2 (5.6%) 
34 (94.4%) 

0.168** 

BI-RADS, n (%) 
4 
5 
6# 

 
30 (34.5%) 
39 (44.8%) 
18 (20.7%) 

 
20 (39.2%) 
18 (35.3%) 
13 (25.5%) 

 
10 (27.8%) 
21 (58.3%) 
5 (13.9%) 

0.218** 

Tumor size in mm by 
imaging, median (range) 

17.0 (4-51) 16.0 (6-51) 20.5 (4-50) 0.060* 

Tumor size in mm by 
pathology workup1, 
median (range) 

21.0 (7-90) 18.0 (7-90) 25.0 (11-65) 0.017* 

cT, n (%) 
T1 
T2 
T3 

 
52 (59.8%) 
34 (39.1%) 
1 (1.1%) 

 
34 (66.7%) 
16 (31.4%) 
1 (2.0%) 

 
18 (50.0%) 
18 (50.0%) 
0 (0.0%) 

0.118** 

Definitive breast surgery, n 
(%) 

Breast-conserving 
surgery 

Total mastectomy 

 
 

68 (78.2%) 
 

19 (21.8%) 

 
 

41 (80.4%) 
 

10 (19.6%) 

 
 

27 (75.0%) 
 

9 (25.0%) 

0.604** 

Histological type, n (%) 
Ductal 
Lobular 
Other 

 
63 (72.4%) 
10 (11.5%) 
14 (16.1%) 

 
35 (68.6%) 
7 (13.7%) 
9 (17.6%) 

 
28 (77.8%) 
3 (8.3%) 
5 (13.9%) 

0.686** 

Tumor grade, n (%) 
1 
2 
3 

 
14 (16.1%) 
44 (50.6%) 
29 (33.3%) 

 
11 (21.6%) 
30 (58.8%) 
10 (19.6%) 

 
3 (8.3%) 

14 (38.9%) 
19 (52.8%) 

0.004** 

Multifocality, n (%) 
Yes 
No 

 
15 (17.2%) 
72 (82.8%) 

 
7 (13.7%) 
44 (86.3%) 

 
8 (22.2%) 
28 (77.8% 

0.390** 

Lymphovascular invasion, 
n (%) 

Yes 
No 

 
 

25 (28.7%) 
62 (71.3%) 

 
 

9 (17.6%) 
42 (82.4%) 

 
 

16 (44.4%) 
20 (55.6%) 

0.009** 
 

Perineural invasion, n (%) 
Yes 
No 

 
14 (16.1%) 
73 (83.9%) 

 
8 (15.7%) 
43 (84.3%) 

 
6 (16.7%) 
30 (83.3%) 

1.000** 

Biological subtype, n (%) 
Luminal HER2- 
Luminal HER2+ 
HER2-enriched 
Triple negative/Basal-

like 

 
77 (88.5%) 
6 (6.9%) 
2 (2.3%) 
2 (2.3%) 

 
45 (88.2%) 
4 (7.8%) 
1 (2.0%) 
1 (2.0%) 

 
32 (88.9%) 
2 (5.6%) 
1 (2.8%) 
1 (2.8%) 

1.000** 

Adjuvant chemotherapy, n 
(%) 

Yes 
No 

 
 

37 (42.5%) 
50 (57.5%) 

 
 

17 (33.3%) 
34 (66.7%) 

 
 

20 (55.6%) 
16 (44.4%) 

 
 



Adjuvant radiotherapy, n 
(%) 

Yes 
No 

 
 

84 (96.6%) 
3 (3.4%) 

 
 

48 (94.1%) 
3 (5.9%) 

 
 

36 (100.0%) 
0 (0.0%) 

 

Adjuvant hormone 
therapy, n (%) 

Yes 
No 

 
 

83 (95.4%) 
4 (4.6%) 

 
 

49 (96.1%) 
2 (3.9%) 

 
 

34 (94.4%) 
2 (5.6%) 

 

Adjuvant anti-HER2 
therapy, n (%) 

Yes 
No 

 
 

4 (4.6%) 
83 (95.4%) 

 
 

3 (5.9%) 
48 (94.1%) 

 
 

1 (2.8%) 
35 (97.2%) 

 

 292 
1Includes Ductal Carcinoma in Situ. * Mann-Whitney U. ** Pearson's chi-squared test / Fisher's exact test. #Patients 293 
diagnosed outside breast center. 294 

 295 

Figure 2 - TTL as a tool for distinguishing between NSLN status. AUC - Area under the ROC 296 
curve. 297 

 298 

Table 2 - SLN and NSLN-related variables. 299 

 All patients, 
n = 87 

ALND patients, 
n = 36 

 All 
n = 87 

TTL <= 
30,000 
CK19 
mRNA 

copies/µL 
n = 51 

TTL > 
30,000 
CK19 
mRNA 

copies/µL 
n = 36 

p All 
n = 36 

NSLN+ 
n = 14 

NSLN- 
n = 22 

p 

Number of 
SLN 
removed, 
median 
(range) 

2 (1-6) 2 (1-6) 2 (1-5) 0,041* 2 (1-5) 2 (1-5) 2 (1-4) 0.810* 

Number of 
SLN 
metastasized, 
median 
(range) 

1 (0-4) 1 (0-3) 1 (1-4) <0,001* 1 (1-4) 2 (1-2) 1 (1-4) 0.141* 

ALND, n (%) 
   Yes 
   No 

 
36 

(41.4%) 
51 

(58.6%) 

 
0 (0.0%) 

51 
(100.0%) 

 
36 

(100.0%) 
0 (0.0%) 

     



Number of 
NSLN 
removed, 
median 
(range) 

0 (0-23)  12 (1-23)  12 (1-23) 13 (1-23) 10 (6-20) 0.597* 

Number of 
NSLN 
metastasized, 
median 
(range) 

0 (0-8)  0 (0-8)  0 (0-8) 2 (1-8) 0 (0-0)  

Total number 
of LN 
metastasized, 
median 
(range) 

1 (1-9) 1 (1-3) 2 (1-9) <0,001 2 (1-9) 4 (2-9) 1 (1-4)  

TTL, median 
(range) 
25th 
percentile 
75th 
percentile 

10,000 
(210-

4,040,000) 
920 

150,000 

1,180 
(210-

26,000) 
410 

8,070 

265,500 
(31,000-

4,040,000) 
100,000 

1,075,000 

 265,000 
(31,000-

4,040,000) 
100,000 

1,075,000 

295,000 
(31,000-

3,740,000) 
59,700 
580,750 

206,700 
(45,000-

4,040,000) 
116,000 

1,562,500 

0.785* 

 300 

*Mann-Whitney U test 301 

Abbreviations: LN -Lymph-nodes; SLN-Sentinel Lymph Nodes; NSLN-Non-Sentinel Lymph Nodes; ALND-Axillary Lymph Node 302 
Dissection; TTL-Total Tumor Load 303 

 304 

Table 3 - Tools to assist in the decision of performing an ALND. 305 

 30,000 
CK19 mRNA 

copies/µL 

140,000 
CK19 mRNA 

copies/µL 

150,000 
CK19 mRNA 

copies/µL 

200,000 
CK19 mRNA 

copies/µL 

260,000 
CK19 mRNA 

copies/µL 
Patients spared 
an ALND, n (%) 

51 (58.6%) 63 (72.4%) 66 (75.9%) 67 (77.0%) 68 (78.2%) 

NSN+ patients 
not submitted to 
ALND, n (%) 

0 (0.0%) 5 (35.7%) 5 (35.7%) 5 (35.7%) 5 (35.7%) 

AUC 0.849 0.719 0.739 0.746 0.753 
Sensitivity 100.0% 64.3% 64.3% 64.3% 64.3% 
Specificity 69.9% 79.4% 83.6% 84.9% 86.3% 
FP 30.1% 20.5% 16.4% 15.1% 13.7% 
FN 0.0% 35.7% 35.7% 35.7% 35.7% 
PPV 38.9% 37.5% 42.9% 45.0% 47.4% 
NPV 100.0% 92.1% 92.4% 92.5% 92.6% 
Accuracy 74.7% 77.0% 80.5% 81.6% 82.8% 
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Abbreviations: FP-False Positives; FN-False Negatives; PPV-Positive Predictive Value; NPV-Negative Predictive Value; 307 
ALND-Axillary Lymph Node Dissection; +NSN-Positive Non-Sentinel Lymph Nodes; 308 

 309 



  310 

Figure 3 - AUC of the 30,000 CK19 mRNA copies/μL criterion and of the additional TTL cut-offs 311 
obtained. 312 

 313 

4. Discussion 314 

This study aimed to evaluate performance of a criterion derived from a national 315 

cohort [11] after two consecutive years of its application to a unicentric breast 316 

cancer population.  317 

The TTL as a tool for discriminating between NSLN status yielded an AUC of 318 

0.841 in our study sample, which may be considered as having an excellent 319 

degree of accuracy [22]. Besides, a statistically significant difference was found 320 

between the TTL of the 14 NSLN positive patients and all other patients. Both 321 

these findings are in line with results from previous studies that indicate the TTL 322 

is able to predict NSLN status [16,17]. Tumor size was also significantly greater 323 

in the 14 NSLN positive patients when compared to the 73 NSLN negative 324 

patients. This result is coherent with studies that show an association between 325 

tumor size and NSLN status [10].    326 

Statistically significant differences were found between the TTL below or equal to 327 

30,000 CK19 mRNA copies/µL group and the TTL over 30,000 CK19 mRNA 328 

copies/µL group regarding tumor size, tumor grade and presence of 329 

lymphovascular invasion. These differences are observed in variables commonly 330 



used to predict NSLN status [10,23]. The group with less than or equal to 30.000 331 

CK19 mRNA copies/µL had significantly more follow-up time when compared to 332 

the more than 30.000 CK19 mRNA copies/µL group. This is of no concern, as the 333 

group with greater follow up was the one that did not perform ALND, so increasing 334 

the chances of identifying clinically evident metastasis in axillary NSLN.  335 

The 30,000 CK19 mRNA copies/µL criterion for deciding on performing an ALND 336 

yielded an AUC of 0.849, which is in another tier of discrimination in relation to 337 

the value of 0.636 obtained by Fougo et al in the 30,000 CK19 mRNA copies/µL 338 

criterion derivation study [11]. The 30,000 CK19 mRNA copies/µL criterion 339 

represented a positive evolution from the previous Breast Center CDR [10], 340 

having spared a greater number of patients an ALND while leaving no patients 341 

with metastasized NSLN. However, this came at a cost of an unacceptably high 342 

FP rate. Approximately one third of the study sample performed an ALND with no 343 

additional benefit in locoregional control, while inheriting the risks of an ALND 344 

procedure [8,24] 345 

Although the follow-up time is short in our study, this mostly affects the 51 patients 346 

not submitted to an ALND. Hypothetically, if one of these patients had developed 347 

a clinically evident axillary disease after the study's follow-up time, the patient 348 

would be considered a FN of the criterion. This means that the short follow-up 349 

time only affects sensitivity and that the 30,000 CK19 mRNA copies/µL criterion 350 

would yield the same FP rate, regardless of the follow-up time. 351 

The PPV value of the criterion was also lower than the value obtained by Fougo 352 

et al in the derivation study (54.8%) [11]. 353 

Application of the Z0011 criteria would allow more patients than the 30.000 CK19 354 

mRNA copies/µL criterion to be spared an ALND, although approximately forty 355 

percent of the NSLN positive patients would remain with a surgically untreated 356 

metastasized axilla. 357 

In an effort to find a better balance between locoregional control and morbidity, 358 

an interim ROC analysis was performed, with emphasis on specificity. We found 359 

an interval of TTL values with the same sensitivity but growing specificity. Their 360 

rounded-up values were 140,000, 150,000, 200,000 and 260,000 CK19 mRNA 361 



copies/µL. These values were chosen because they provided the best balance 362 

between loss in sensitivity and gain in specificity.  363 

The TTL cut-off of 260,000 CK19 mRNA copies/µL was the one that maximized 364 

specificity. Its PPV was 47.4%, which is more comparable to the 30,000 CK19 365 

mRNA copies/µL criterion PPV obtained in the PORTTLE study [11] (54.8%) than 366 

the PPV of the 30,000 CK19 mRNA copies/µL criterion obtained in our study 367 

sample. In addition, the 260,000 CK19 mRNA copies/µL cut-off spared a greater 368 

number of ALND when compared to the 30,000 CK19 mRNA copies/µL cut-off, 369 

the previous CDR and the Z0011 criteria. This new criterion would leave 370 

approximately one third of the NSLN positive patients with a surgically untreated 371 

axilla, which is less than the value yielded by the Z0011 criteria. 372 

In fact, with the 30,000 CK19 mRNA copies/µL criterion, approximately one third 373 

of the patients performed an unnecessary ALND (FP), whereas with the 260,000 374 

CK19 mRNA copies/µL criterion, approximately one third would be left with a 375 

surgically untreated metastasized axilla (FN). 376 

In this study sample of 87 patients, raising the cut-off for deciding on an ALND 377 

from 30,000 CK19 mRNA copies/µL to 260,000 CK19 mRNA copies/µL, would 378 

spare 17 additional patients an ALND of which 5 patients had positive NSLN. This 379 

translates into 17 additional patients foregoing the morbidity of an unnecessary 380 

ALND [8,24], at the cost of 5 of them maintaining a surgically untreated 381 

metastasized axilla, that would be addressed by adjuvant therapies [25]. 382 

A total of 4 of these 5 patients fulfilled the Z0011 criteria for not performing an 383 

ALND and all 5 patients had estrogen receptor positive tumors, remarkable for 384 

their usually long recurrence times [26,27]. The ALND procedure in these 5 385 

patients upgraded the pN status of 3 patients. These 3 patients were staged as 386 

pN2 after the procedure, which could lead to further regional treatment with 387 

radiotherapy and/or systemic therapy with chemotherapy [25]. This means that 388 

the omission of ALND in these 3 patients, could potentially lead to 389 

undertreatment. Nonetheless, 2 of these 3 fulfilled the Z0011 criteria because 390 

they performed WBI and hormonetherapy. Therefore, with the Z0011 results in 391 

mind, the problem lies with the patient that performed total mastectomy and also 392 

had a total of 6 lymph nodes involved. This patient could potentially be 393 



undertreated, with impact on overall survival and/or disease-free survival, if the 394 

ALND procedure was omitted with use of the 260,000 CK19 mRNA copies/µL 395 

criterion. 396 

Considering the ALND patients, no statistically significant differences were found 397 

regarding the TTL of the NSLN positive versus the NSLN negative patients. 398 

However, a closer analysis of the percentiles shows that less than 50% of the 399 

NSLN negative patients would proceed to an ALND and more than 50% of the 400 

NSLN positive patients would perform an ALND if decision to raise the TTL cut-401 

off for deciding on ALND to 260,000 CK19 mRNA copies/µL was made. 402 

The PORTTLE study showed that the 30,000 CK19 mRNA copies/µL criterion 403 

was an independent predictor of NSLN status [11]. The analysis of the 404 

participants’ characteristics was repeated for the 260,000 CK19 mRNA copies/µL 405 

criterion and it yielded statistically significant results for the tumor size and 406 

presence of lymphovascular invasion. These findings suggest that the 260,000 407 

CK19 mRNA copies/µL criterion stands as an independent predictor of NSLN 408 

status in our study sample.  409 

We assessed the metastatic load by the sum of number of SLN metastasized 410 

with number of NSLN metastasized. There were significantly more total lymph 411 

nodes metastasized in the more than 30,000 CK19 mRNA copies/µL and in the 412 

more than 260,000 CK19 mRNA copies/µL groups. These results are in line with 413 

studies that show an increase in number of lymph nodes metastasized, when the 414 

TTL increases [28,29].  415 

In the 51 patients with a TTL less than or equal to 30,000 CK19 mRNA copies/µL, 416 

the median of total lymph nodes involved was 1 (range 1-3). 45 patients had 1 417 

SLN involved. Although none of these patients performed ALND (and therefore 418 

pN cannot be determined), this suggests that SLN with a TTL up to 30,000 CK19 419 

mRNA copies/µL correlates with small metastatic load. 17 patients had a TTL 420 

between more than 30,000 CK19 mRNA copies/µL and less than or equal to 421 

260,000 CK19 mRNA copies/µL and therefore performed ALND (pN can be 422 

determined). In these patients, the median of total lymph nodes involved was 2 423 

(range 1 - 6). Only 3 of them had 4 or more total lymph nodes involved (82.4% 424 



pN1 and 17.6% pN2 patients). This suggests that up to a TTL of 260,000 CK19 425 

mRNA copies/µL continues to represent low metastatic load with the vast majority 426 

being pN1 patients. 427 

Ohi et al reported a frequency of 7.0% pN2 patients when the SLN contained 428 

micrometastasis and of 27.4% pN2 patients when the SLN contained 429 

macrometastasis [29]. We cannot assume the pN of the 68 patients with less than 430 

or equal to 260,000 CK19 mRNA copies/µL, because 51 of them did not perform 431 

ALND. However, if we focus on the 17 patients mentioned above, the TTL cut-off 432 

of 260,000 CK19 mRNA copies/µL is halfway between a micrometastic SLN and 433 

a macrometastic SLN in terms of proportion of pN2 patients. In a clinical sense, 434 

SLN with up to 260,000 CK19 mRNA copies/µL would be comparable to SLN with 435 

micrometastasis. 436 

A study conducted in a cohort of 58 patients from the central region of Portugal 437 

[30] reported an AUC of 0.805 when using the TTL as tool for distinguishing 438 

between NSLN status, which is in line with our results. This study suggested the 439 

TTL cut-off of 190,000 CK19 mRNA copies/µL for deciding on ALND. Sensitivity 440 

was 73.3%, specificity was 74.4% and NPV was 88.9%. From the data provided 441 

by the authors, we estimate a PPV of just 32,0%. The 190,000 CK19 mRNA 442 

copies/µL criterion was less sensitive than the 30,000 CK19 mRNA copies/µL 443 

criterion and more sensitive than the 260,000 CK19 mRNA copies/µL criterion. 444 

Specificity was higher than the 30,000 CK19 mRNA copies/µL criterion but less 445 

than the 260,000 CK19 mRNA copies/µL criterion. Both the PPV and the NPV 446 

were inferior to the 30,000 CK19 mRNA copies/µL criterion and the 260,000 CK19 447 

mRNA copies/µL criterion. In our study sample, 67 (77.0%) patients would be 448 

spared an ALND with the 190,000 CK19 mRNA copies/µL and 5 patients would 449 

remain with a surgically untreated metastasized axilla. These results are very 450 

similar to those reported regarding the 260,000 CK19 mRNA copies/µL criterion. 451 

The majority (95.4%) of our study sample were estrogen receptor positive tumors. 452 

Espinosa-Bravo et al [16] reported that a TTL cut-off of 500,000 CK19 mRNA 453 

copies/µL in HR positive patients yielded a specificity of 87%, a NPV of 84% and 454 

a PPV of 56%. These results compare favorably to the results obtained when we 455 

used the 260,000 CK19 mRNA copies/µL criterion in all of our study sample. If 456 



we had used the TTL cut-off of 500,000 CK19 mRNA copies/µL for deciding on 457 

ALND, only 5 patients in 87 would have performed ALND. However, 10 in 14 458 

patients with metastasized NSLN would not have performed ALND, when 459 

compared to the 5 patients obtained with the 260,000 CK19 mRNA copies/µL 460 

criterion. 461 

Most patients had estrogen receptor positive tumors, remarkable for their usually 462 

long natural history and dormant metastasis [26,27]. A total of 96.6% of our 463 

patients received adjuvant whole breast irradiation, 95.4% received adjuvant 464 

hormone therapy and 42.5% received adjuvant chemotherapy. Whole breast 465 

irradiation is able to deliver a small amount of radiation to axillary lymph node 466 

levels 1 and 2. The dose delivered is also dependent of prone or supine position 467 

of the procedure. However, authors consistently claim the dose delivered to the 468 

nodes in this procedure is inadequate for prophylactic coverage of the axilla 469 

[31,32]. In our study, prone or supine position of radiotherapy was not registered 470 

in the data base nor was the delivery of additional dose of radiotherapy to axillary 471 

nodes. Nonetheless, adjuvant systemic therapies target both lymph node and 472 

distant foci of disease [25,26]. 473 

Although this study was retrospective, complete follow-up was achieved and 474 

there was no missing data [33]. One pitfall of our study is that the majority of 475 

patients did not perform ALND.  Studies relating to the SLN concept, such as 476 

studies that propose TTL cut-offs to decide on ALND, usually derive these cut-477 

offs from a sample where every patient performed ALND. Nonetheless, our study 478 

sample was obtained from a center with a TTL cut-off already implemented and 479 

therefore it reflects the intention to evaluate performance of a clinical practice 480 

tool. The study design yields real world evidence, valuable for everyday clinical 481 

practice and complies to the principles of Evidence-Based Medicine [34]. Another 482 

possible critic to our study is that it is unicentric. As we stated before, the main 483 

objective of the study was to evaluate performance of a criterion derived from a 484 

national cohort, when applied to a localized population of breast cancer patients. 485 

In fact, this population proved to have a greater than average proportion of ER 486 

positive tumor patients [11,30], denoting the importance of personalized 487 

treatment. 488 



This study emphasizes the need to find a new balance between locoregional 489 

control and morbidity, bearing in mind that, in the current status of breast cancer 490 

adjuvant treatments, focus should be on preserving the axilla. 491 
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Supplementary material 
 
Table 1 - Patient, tumor and node characteristics of the 5 patients not performing an ALND with 
the application of the 260,000 CK19 mRNA copies/µL criterion. 

 Patient 
1 2 3 4 5 

Age at diagnosis 54 57 64 69 77 
cT 2 1 2 1 2 

Number of metastasized 
SLN 

1 2 2 1 2 

Total Tumor Load 31,000 133,000 45,800 63,000 49,800 
Definite breast surgery Breast-

conserving 
surgery 

Breast-
conserving 

surgery 

Total 
Mastectomy 

Breast-
conserving 

surgery 

Breast-
conserving 

surgery 
Adjuvant chemotherapy No Yes Yes No No 
Adjuvant radiotherapy Yes Yes Yes Yes Yes 

Adjuvant hormone therapy Yes Yes Yes Yes Yes 
Adjuvant anti-HER2 therapy No No No No Yes 
Fulfills the Z0011 criteria for 

avoiding ALND 
Yes Yes No Yes Yes 

Biological subtype Luminal 
HER2- 

Luminal 
HER2- 

Luminal 
HER2- 

Luminal 
HER2- 

Luminal 
HER2+ 

Number of metastasized 
NSLN 

1 2 4 1 2 

pN 1 2 2 1 2 
 
Table 2 - Characteristics of the study sample using the TTL of 260,000 CK19 mRNA copies/μL 

 as cut-off point. 
 All 

n = 87 
0 < TTL ≤ 260,000 

CK19 mRNA 
copies/μL 

n = 68 

TLL > 260,000 
CK19 mRNA 

copies/μL 
n = 19 

p 

Age, median (range) 55.0 (32-78) 57.0 (32-77) 52.0 (35-78) 0.817* 
Follow-up in months, 
median (range) 

21 (7-36) 22.5 (12-36) 18 (7-32) 0,091* 

Affected breast, n (%) 
Left 
Right 

 
39 (44.8%) 
48 (55.2%) 

 
31 (45.6%) 
37 (54.4%) 

 
8 (42.1%) 
11 (57.9%) 

0.787** 

Previous contralateral 
Breast Carcinoma, n (%) 

Yes 
No 

 
 

2 (2.3%) 
85 (97.7%) 

  
 

0 (0.0%) 
68 (100.0%) 

 
 

2 (10.5%) 
17 (89.5%) 

0.046** 

BI-RADS, n (%) 
4 
5 
6# 

 
30 (34.5%) 
39 (44.8%) 
18 (20.7%) 

 
24 (35.3%) 
29 (42.6%) 
15 (22.1%) 

 
6 (31.6%) 
10 (52.6%) 
3 (15.8%) 

0.693** 

Tumor size in mm by 
imaging, median (range) 

17.0, (4-51) 16.5 (4-51) 23.0 (10-46) 0.123* 

Tumor size in mm by 
pathology workup1, 
median (range) 

21.0, (7-90) 21.0 (7-90) 26.0 (13-65) 0.036* 

cT, n (%) 
T1 
T2 
T3 

 
52 (59.8%) 
34 (39.1%) 
1 (1.1%) 

 
43 (63.2%) 
24 (35.1%) 
1 (1.5%) 

 
9 (47.4%) 
10 (52.6%) 
0 (0.0%) 

0.373** 

Definitive breast surgery, n 
(%) 

Breast-conserving 
surgery 

Total mastectomy 

 
 

68 (78.2%) 
 

19 (21.8%) 

 
 

55 (80.9%) 
 

13 (19.1%) 

 
 

13 (68.4%) 
 

6 (31.6%) 

0.345** 

Histological type, n (%) 
Ductal 
Lobular 
Other 

 
63 (72.4%) 
10 (11.5%) 
14 (16.1%) 

 
47 (69.1%) 
10 (14.7%) 
11 (16.2%) 

 
16 (84.2%) 
0 (0.0%) 
3 (15.8%) 

0.212** 

Tumor grade, n (%) 
1 
2 
3 

 
14 (16.1%) 
44 (50.6%) 
29 (33.3%) 

 
14 (20.6%) 
34 (50.0%) 
20 (29.4%) 

 
0 (0.0%) 

10 (52.6%) 
9 (47.4%) 

0.068** 

Multifocality, n (%) 
Yes 
No 

 
15 (17.2%) 
72 (82.8%) 

 
12 (17.6%) 
56 (82.4%) 

 
3 (15.8%) 
16 (84.2% 

1.000** 



Lymphovascular invasion, 
n (%) 

Yes 
No 

 
 

25 (28.7%) 
62 (71.3%) 

 
 

15 (22.1%) 
53 (77.9%) 

 
 

10 (52.6%) 
9 (47.4%) 

0.009** 
 

Perineural invasion, n (%) 
Yes 
No 

 
14 (16.1%) 
73 (83.9%) 

 
11 (16.2%) 
57 (83.8%) 

 
3 (15.8%) 
16 (84.2%) 

1.000** 

Biological subtype, n (%) 
Luminal HER2- 
Luminal HER2+ 
HER2-enriched 
Triple negative/Basal-

like 

 
77 (88.5%) 
6 (6.9%) 
2 (2.3%) 

 
2 (2.3%) 

 
61 (89.7%) 
5 (7.4%) 
1 (1.5%) 

 
1 (1.5%) 

 
16 (84.2%) 
1 (5.3%) 
1 (5.3%) 

 
1 (5.3%) 

0.396** 

Adjuvant chemotherapy, n 
(%) 

Yes 
No 

 
 

37 (42.5%) 
50 (57.5%) 

 
 

26 (38.2%) 
42 (61.8%) 

 
 

11 (57.9%) 
8 (42.1%) 

 
 

Adjuvant radiotherapy, n 
(%) 

Yes 
No 

 
 

84 (96.6%) 
3 (3.4%) 

 
 

65 (95.6%) 
3 (4.4%) 

 
 

19 (100.0%) 
0 (0.0%) 

 

Adjuvant hormone 
therapy, n (%) 

Yes 
No 

 
 

83 (95.4%) 
4 (4.6%) 

 
 

66 (97.1%) 
2 (2.9%) 

 
 

17 (89.5%) 
2 (10.5%) 

 

Adjuvant anti-HER2 
therapy, n (%) 

Yes 
No 

 
 

4 (4.6%) 
83 (95.4%) 

 
 

4 (5.9%) 
64 (94.1%) 

 
 

0 (0.0%) 
19 (100.0%) 

 

 
1Includes Ductal Carcinoma in Situ. * Mann-Whitney U. ** Pearson's chi-squared test / Fisher's exact test. #Patients 
diagnosed outside breast center. 
 
Table 3 - SLN and NSLN-related variables sample using the TTL of 260,000 CK19 mRNA 
copies/μL as cut-off point. 

 All patients, 
n = 87 

 All 
n = 87 

TTL <= 260,000 CK19 
mRNA copies/µL 

n = 68 

TTL > 260,000 CK19 
mRNA copies/µL 

n = 19 

p 

Number of SLN removed, 
median (range) 

2 (1-6) 2 (1-6) 2 (1-5) 0,191 

Number of SLN 
metastasized, median 
(range) 

1 (0-4) 1 (0-3) 1 (1-4) 0,011 

ALND, n (%) 
   Yes 
   No 

 
36 (41.4%) 
51 (58.6%) 

 
17 (25.0%) 

51 
(75.0%) 

 

 
19 

(100.0%) 
0 

(0.0%) 

 

Number of NSLN 
removed, median (range) 

0 (0-23) 0 (0-20) 12 (1-23) <0,001 

Number of NSLN 
metastasized, median 
(range) 

0 (0-8) 0 (0-4) 0 (0-8) 0,262 

Number of total LN 
metastasized, median 
(range) 

1 (1-9) 1 (1-6) 2 (1-9) <0,001 

TTL, median  
(range) 
25th percentile 
75th percentile 

10,000  
(210-4,040,000) 

920 
150,000 

2,650 
(210-253,400) 

560 
29,750 

 
 

703,000 
(261,000-4,040,000) 

337,700 
2,300,000 

<0,001 

 
*Mann-Whitney U test 
Abbreviations: LN -Lymph nodes; SLN-Sentinel Lymph Nodes; NSLN-Non-Sentinel Lymph Nodes; ALND-Axillary Lymph Node 
Dissection; TTL-Total Tumor Load 

 



 

Reporting guidelines 
 
STROBE Statement—Checklist of items that should be included in reports of cohort studies  
 

 Item 
No Recommendation 

Page 
No 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 
abstract 
 
The present study was a retrospective cohort study. Page 7, paragraph 7: 
"This retrospective, unicentric, study (...)" 
 

7 

(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found 
 
Page 7, paragraphs 6-9: "The Total Tumor Load (TTL) concept has been 

demonstrated to accurately predict the status of the non-sentinel lymph 

nodes (NSLN) in breast cancer patients. In 2019, our center implemented 

the TTL cut-off of 30,000 CK19 mRNA copies/µL as sole criterion for 

deciding on performing ALND. This retrospective, unicentric, study 

analyzed 87 cT1-3N0 breast cancer patients treated consecutively in a 

period of two years and aimed to evaluate the performance of this 

criterion. Secondary objectives included the comparison of the criterion 
versus our previous Clinical Decision Rule (CDR) versus ACOSOG Z0011 

criteria for avoiding an ALND in proportion of patients spared an ALND and 

in proportion of patients left with a surgically untreated metastasized axilla. 

An interim analysis revealed new TTL cut-offs for deciding on performing 

an ALND. The 30,000 CK19 mRNA copies/µL criterion yielded an area 

under the ROC Curve (AUC) of 0.849, a false positive (FP) rate of 30.1% 

and a positive predictive value (PPV) of 38.9%. The 30,000 CK19 mRNA 

copies/µL criterion spared 58.6% of the patients an ALND versus 41.4% 

with CDR versus 73.6% with Z0011 and left 0.0% patients with a surgically 

untreated metastasized axilla versus 21.4% with CDR versus 42.9% with 

Z0011. The new TTL cut-off of 260,000 CK19 mRNA copies/µL for 

deciding on an ALND yielded an AUC of 0.753, a FP rate of 13.7% and a 

PPV of 47.4%. This new criterion spared 78.2% of the study sample an 

ALND and left 35.7% of metastasized axillae surgically untreated. 

This study emphasizes the need to find a new balance between locoregional 

control and the morbidity associated with Berg levels I+II axillary lymph node 
dissection." 

 

 

Introduction 
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported 
 

8 



 

 
Page 8, paragraph 3: "Sentinel lymph node (SLN) biopsy has gradually 

replaced axillary lymph node dissection (ALND) as the preferred method for 

nodal staging in the clinically node-negative early stage breast cancer 
patient [1,2]. In current state of the art, a patient with a negative SLN can 

forego an ALND [3,4]. Also, the presence of isolated tumor cells in the SLN 

does not warrant an ALND [5]."  
 
Page 8, paragraph 5: " The IBCSG 23-01 trial showed that no-ALND was 

non-inferior to performing ALND in terms of disease-free survival and overall 

survival in patients with SLN micrometastasis [7]." 

 

Page 8, paragraph 6: " If accurate prediction of NSLN status can be 

achieved, many patients can be spared an ALND (...)" 
 

Page 8, paragraph 8: " So far, consensus is still not reached on how to 

proceed after detection of a SLN macrometastasis. Current focus is on 

developing a reliable and simple tool for prediction of NSLN status, which 

could be widely applied to most of the breast cancer population." 

 
Objectives 3 State specific objectives, including any prespecified hypotheses 

 
Page 9, paragraph 1: "The main objective of this study was to evaluate the 

performance of the 30,000 CK19 mRNA copies/µL criterion for deciding on 

an ALND when applied to a cohort of consecutive patients for a period of 2 

years." 

 
Page 9, paragraph 2: " Secondary objectives included comparison of the 

30,000 CK19 mRNA copies/µL criterion with the previous Breast Center 

Clinical Decision Rule (CDR) [10] and Z0011 criteria for avoiding ALND [12] 

in the proportion of patients spared an ALND and the proportion of NSLN 

positive patients not submitted to an ALND." 

 
Page 9, paragraph 3: " In an interim analysis, additional TTL cut-offs for 

predicting NSLN involvement were searched with emphasis on specificity." 

 

9 

Methods 
Study design 4 Present key elements of study design early in the paper 

 
Page 10, paragraph 3: " The present study is observational, retrospective 
and unicentric." 
 

10 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection 

10, 
11 



 

Page 10, paragraph 3: " We studied patients treated between July 1st 2019 

to June 30th 2021, at the Breast Center of CHUSJ, Porto, Portugal. Data 

from patients with a cT1-3 cN0 tumor whose SLN was processed via 

OSNA assay and the TTL calculated were collected." 

 
Page 11, paragraph 6: " All patients were assessed at the Breast Center 

out-patient clinic every 6 months." 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up 
 
Elegibility criteria: Page 10, paragraph 3: "Data from patients with a cT1-3 

cN0 tumor whose SLN was processed via OSNA assay and the TTL 
calculated were collected." 

 

Exclusion criteria: Page 10, paragraph 3: "Patients submitted to 

neoadjuvant systemic treatment, patients who had previous ipsilateral 

breast carcinoma, and patients with a TTL equal to 0 CK19 mRNA 

copies/µL were excluded." 

 
Sources and methods for selection of participants included consultation of 

the clinical records platform SClínicoV2 and application of the eligibility 

and exclusion criteria to patients treated between July 1st 2019 to June 30th 
2021. 

 
Methods of follow-up: Page 11, paragraph 6: "All patients were assessed at 

the Breast Center out-patient clinic every 6 months. Patients were submitted 

to clinical examination, breast and axillary ultrasound (US), mammography, 
serum tumor markers, trunk CT scan and bone scan, according to 

institutional follow-up protocol. Regional node recurrence was mainly 

assessed by clinical examination and axillary US. Suspicious nodes were 

submitted to US guided needle biopsy (cytology or histology were both 

accepted)." 

 

10,11 

(b) For matched studies, give matching criteria and number of exposed and 
unexposed.  
 
Not applicable. 
 

 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable 
 
Exposure was performance (or not) of an Axillary Lymph Node Dissection 
(ALND). 
Outcomes included Non-Sentinel Lymph Nodes (NSLN) status, 
locoregional recurrence, distant metastases and vital status. 

10, 
11, 
12 



 

 
Page 10, paragraph 5: "Variables collected were age at diagnosis, follow-

up time, tumor size, grade and histological type, multifocality, 

lymphovascular and perineural invasion, estrogen and progesterone 
receptor status, HER2 status, surgical treatment, number of biopsied SLN, 

number of positive SLN, TTL, number of excised NSLN during ALND, 

number of positive NSLN, adjuvant treatments, locoregional recurrence, 

distant metastases and vital status." 

 

Exposure: Page 11, paragraph 2: "Patients with a TTL of 30,000 CK19 

mRNA copies/µL or below did not undergo ALND. Patients with a TTL of 

more than 30,000 CK19 mRNA copies/µL underwent ALND (Berg levels 

I+II) [21]. ALND product was sent to pathology for histological analysis." 

 

NSLN status: Page 12, paragraph 4: "In patients with a TTL above 30,000 

CK19 mRNA copies/µL, NSLN status was given by histological analysis of 

the ALND product and by follow-up, because the surgeon did not perform a 

complete three-level ALND. In patients with a TTL of 30,000 CK19 mRNA 

copies/µL or below, NSLN status was given by follow-up and by histological 

analysis of an ALND product, in case clinical axillary recurrence occurred 

and the patient underwent an ALND." 

 

Locoregional recurrence: Page 11, paragraph 6: "Regional node recurrence 

was mainly assessed by clinical examination and axillary US. Suspicious 

nodes were submitted to US guided needle biopsy (cytology or histology 

were both accepted)." 
 

Distant metastases and vital status: Page 11, paragraph 6: "All patients 

were assessed at the Breast Center out-patient clinic every 6 months. 

Patients were submitted to clinical examination, breast and axillary 

ultrasound (US), mammography, serum tumor markers, trunk CT scan and 

bone scan, according to institutional follow-up protocol." 

 

Data sources/ 
measurement 

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if there 
is more than one group 
 
Age at diagnosis - Consultation of clinical records (SClinico). 
Follow-up time - Consultation of clinical records (SClinico). 

Tumor size - Consultation of clinical records (SClinico and VC Integrator). 

Tumor grade - Consultation of clinical records (SClinico and VC Integrator). 

Histological type - Consultation of clinical records (SClinico and VC 

Integrator). 

11 



 

Multifocality - Consultation of clinical records (SClinico and VC Integrator). 

Lymphovascular invasion - Consultation of clinical records (SClinico and VC 

Integrator). 

Perineural invasion - Consultation of clinical records (SClinico and VC 

Integrator). 

Estrogen and progesterone receptor status Consultation of clinical records 

(SClinico and VC Integrator). 
HER2 status - Consultation of clinical records (SClinico and VC Integrator). 

Surgical treatment - Consultation of clinical records (SClinico and VC 

Integrator). 

Number of biopsied SLN - Consultation of clinical records (SClinico and VC 

Integrator). 

Number of positive NSLN - Consultation of clinical records (SClinico and VC 

Integrator). 

Adjuvant treatments - Consultation of clinical records (SClinico). 
Locoregional recurrence - Consultation of clinical records (SClinico and VC 

Integrator). 

Distant metastases - Consultation of clinical records (SClinico and VC 

Integrator). 

Vital status - Consultation of clinical records (SClinico). 

 

Page 11, paragraph 4: "Adjuvant treatments included endocrine therapy, 
chemotherapy and radiotherapy. A patient was considered to have received 

endocrine therapy if drug prescription and successive renewals were 

registered in the clinical records. A patient was considered to have received 

chemotherapy (including anti-HER2 therapy) if completion of all 

chemotherapy cycles as defined by a medical oncologist was documented 

in the clinical records. A patient was considered to have received adjuvant 

radiotherapy if completion of a whole breast irradiation course was 

documented in the clinical records." 

 
Bias 9 Describe any efforts to address potential sources of bias 

 
SClinico and VCIntegrator were thoroughly searched to secure completion 

of our data base variables, therefore avoiding missing data. 

 

Study size 10 Explain how the study size was arrived at 
 
The study size was arrived at by consultation of the clinical records of 

patients treated in Breast Center between July 1st 2019 and June 31th 2021 

and by application of the inclusion and exclusion criteria.  
 

Page 10, paragraph 3: " We studied patients treated between July 1st 2019 

to June 30th 2021, at the Breast Center of CHUSJ, Porto, Portugal. Data 

from patients with a cT1-3 cN0 tumor whose SLN was processed via OSNA 

10 



 

assay and the TTL calculated were collected. Patients submitted to 

neoadjuvant systemic treatment, patients who had previous ipsilateral 

breast carcinoma, and patients with a TTL equal to 0 CK19 mRNA copies/µL 

were excluded. Total study sample consisted of 87 patients." 

 
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 
 
Quantitative variables were handled using medians: Page 12, paragraph 6: 

"Frequencies were used for qualitative variables and medians for 
quantitative variables." 

12 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 
confounding 
 
Page 12, paragraph 6: "A database containing patient, tumor and node 

characteristics was created and all statistical analyses were performed 

using IBM SPSS Statistics v27.0, Chicago, USA. Frequencies were used for 
qualitative variables and medians for quantitative variables. A receiver 

operating characteristic curve (ROC) analysis was performed and the area 

under the curve (AUC) obtained for evaluation of the TTL discriminative 

power of NSLN status in our study sample. The AUC was also obtained for 

the 30,000 CK19 mRNA copies/µL criterion discriminative power of NSLN 

status. In an interim analysis, ROC analysis was used to search for 

additional TTL cut-offs in our study sample, and their AUC obtained. Finally, 

sensitivity, specificity, positive and negative predictive values and accuracy 

were calculated for the 30,000 CK19 mRNA copies/µL criterion and for the 

additional TTL cut-offs obtained." 

12 

(b) Describe any methods used to examine subgroups and interactions 
 
Not Applicable. 
 

 

(c) Explain how missing data were addressed 
 
There was no missing data. 
 

 

(d) If applicable, explain how loss to follow-up was addressed 
 
There was no loss of follow-up. 
 

 

(e) Describe any sensitivity analyses 
 
There were no sensitivity analyses. 

 

Results  

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, 
completing follow-up, and analysed 

13 



 

 
391 potentially eligible patients were examined for eligibility; 87 patients 
were confirmed eligible and were included in the study: page 13, Figure 1 
and page 13, paragraph 2: " Total study sample included 87 patients (Figure 
1)." 
 
(b) Give reasons for non-participation at each stage 
 
52 patients were excluded because their sentinel-lymph node was 
processed by conventional hematoxylin and eosin technique; 58 patients 
were excluded because they underwent primary systemic treatment and/or 
had previous ipsilateral breast carcinoma; 194 patients were excluded 
because they had a total tumor load of 0: page 13, Figure 1. 
 

 

(c) Consider use of a flow diagram 
 
Page 13: Figure 1. 
 

 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and 
information on exposures and potential confounders 
 
Page 13, paragraph 2: "The characteristics of the study sample are 

synthetized in Table 1. The majority of the study sample (95.4%) are 

estrogen receptor-positive tumors. Median follow-up time was 21 months 

(range: 7 – 36 months). All but one patient had a follow-up equal to or more 

than 12 months. The patient died at 7 months of follow-up." 
 

Page 13, paragraph 3: "Only one patient had isolated tumor cells (TTL of 

210 CK19 mRNA copies/µL) in the SLN. 36 patients had micrometastasis in 

the SLN and 50 patients had macrometastasis in the SLN." 

 

Page 13, paragraph 4: "Of the 87 patients included, 36 had a TTL above 

30,000 CK19 mRNA copies/µL and were submitted to ALND. A total of 51 

patients had a TTL of 30,000 CK19 mRNA copies/µL or below and did not 

perform ALND (Tables 1 and 2)." 
 

Pages 17 & 18: Table 2. 

 

13, 
17, 
18 

(b) Indicate number of participants with missing data for each variable of interest 
 
There was no missing data. 
 

 

(c) Summarise follow-up time (eg, average and total amount) 
 
Page 13, paragraph 2: "Median follow-up time was 21 months (range: 7 – 

36 months)." 

 



 

Outcome data 15* Report numbers of outcome events or summary measures over time 
 
Page 14, paragraph 1: " Of the 36 patients submitted to ALND, 14 had 

metastasized NSLN, whereas 22 performed ALND and all their NSLN were 

negative." 

Page 14, paragraph 1: "None of the 87 patients developed locoregional 

recurrence or distant metastases during follow-up." 

 

14 

  



 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included 
 
Page 14, paragraph 4: "The 30,000 CK19 mRNA copies/µL criterion yielded a 

sensitivity (SN) of 100.0%, a false negative rate (FN) of 0.0%, a specificity (SP) of 

69.9%, a false positive rate (FP) of 30.1%, a positive predictive value (PPV) of 38.9% 

and a negative predictive value (NPV) of 100.0%. Accuracy was 74.7% and the AUC 

was 0.849 (Table 3)." 

 
Page 15, paragraph 1: "Of the 87 patients in our study sample, the 30,000 CK19 

mRNA copies/µL criterion spared 51 patients (58.6%) an ALND. The previous CDR 

[15] and the Z0011 eligibility criteria [19], had they been applied, would spare 36 

(41.4%) and 64 (73.6%) patients an ALND, respectively. The new TTL cut-offs spared 

a growing number of ALND until a maximum of 68 (78.2%) patients, obtained with the 

260,000 CK19 mRNA copies/µL cut-off (Table 3). Of the 14 patients with a 

metastasized axilla, the 30,000 CK19 mRNA copies/µL criterion left 0 patients with a 

surgically untreated axilla versus 3 (21.4%) and 6 (42.9%) patients, had the previous 

CDR and Z0011 criteria been applied, respectively. All of the new TTL cut-offs left the 

same 5 (35.7%) patients with a surgically untreated metastasized axilla (Table 3)." 
 

Page 15, paragraph 2: "Of these 5 patients, two were cT1 and three were cT2. While 

two had 1 positive SLN, the other three had 2 positive SLN. A total of 4 were treated 

with lumpectomy and 1 with total mastectomy. All were treated with whole breast 

irradiation and hormone therapy. This means that of these 5 patients, four fulfilled the 

Z0011 eligibility criteria for avoiding ALND [19]. The only patient not fulfilling the 

eligibility criteria was due to total mastectomy performed. Also, four had Luminal 

HER2- tumors and one had a Luminal HER2+ tumor. While four had 2 or less positive 
NSLN, one had 4 positive NSLN, leading to two pN1 patients and three pN2. A total 

of 2 patients received adjuvant chemotherapy, one of whom was the patient with 4 

metastasized NSLN (see supplementary material)." 

 

14, 
15 

(b) Report category boundaries when continuous variables were categorized 
 
Not applicable. 
 

 

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period 
 
Not applicable. 

 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses 
 
Not applicable.  

 



 

Discussion 
Key results 18 Summarise key results with reference to study objectives 

 
Page 20, paragraph 1: "The 30,000 CK19 mRNA copies/µL criterion for deciding on 

performing an ALND yielded an AUC of 0.849, which is in another tier of 

discrimination in relation to the value of 0.636 obtained by Fougo et al in the 30,000 

CK19 mRNA copies/µL criterion derivation study [11]. The 30,000 CK19 mRNA 

copies/µL criterion represented a positive evolution from the previous Breast Center 

CDR [10], having spared a greater number of patients an ALND while leaving no 

patients with metastasized NSLN. However, this came at a cost of an unacceptably 

high FP rate. Approximately one third of the study sample performed an ALND with 
no additional benefit in locoregional control, while inheriting the risks of an ALND 

procedure [8,24]." 

 

Page 21, paragraph 1: "The TTL cut-off of 260,000 CK19 mRNA copies/µL was the 

one that maximized specificity. Its PPV was 47.4%, which is more comparable to the 

30,000 CK19 mRNA copies/µL criterion PPV obtained in the PORTTLE study [11] 

(54.8%) than the PPV of the 30,000 CK19 mRNA copies/µL criterion obtained in our 

study sample. In addition, the 260,000 CK19 mRNA copies/µL cut-off spared a 

greater number of ALND when compared to the 30,000 CK19 mRNA copies/µL cut-

off, the previous CDR and the Z0011 criteria. This new criterion would leave 

approximately one third of the NSLN positive patients with a surgically untreated 
axilla, which is less than the value yielded by the Z0011 criteria." 

 

Page 21, paragraph 2: "In fact, with the 30,000 CK19 mRNA copies/µL criterion, 

approximately one third of the patients performed an unnecessary ALND (FP), 

whereas with the 260,000 CK19 mRNA copies/µL criterion, approximately one third 

would be left with a surgically untreated metastasized axilla (FN)." 

 
Page 21, paragraph 4: "A total of 4 of these 5 patients fulfilled the Z0011 criteria for 

not performing an ALND and all 5 patients had estrogen receptor positive tumors, 

remarkable for their usually long recurrence times [26,27]. The ALND procedure in 

these 5 patients upgraded the pN status of 3 patients. These 3 patients were staged 

as pN2 after the procedure, which could lead to further regional treatment with 

radiotherapy and/or systemic therapy with chemotherapy [25]. This means that the 

omission of ALND in these 3 patients, could potentially lead to undertreatment. 
Nonetheless, 2 of these 3 fulfilled the Z0011 criteria because they performed WBI 

and hormonetherapy. Therefore, with the Z0011 results in mind, the problem lies with 

the patient that performed total mastectomy and also had a total of 6 lymph nodes 

involved. This patient could potentially be undertreated, with impact on overall survival 

and/or disease-free survival, if the ALND procedure was omitted with use of the 

260,000 CK19 mRNA copies/µL criterion." 

20, 
21, 
22 



 

 

 

 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 
Discuss both direction and magnitude of any potential bias 
 
Page 24, paragraph 2: "Although this study was retrospective, complete follow-up 

was achieved and there was no missing data [33]. One pitfall of our study is that the 
majority of patients did not perform ALND.  Studies relating to the SLN concept, such 

as studies that propose TTL cut-offs to decide on ALND, usually derive these cut-offs 

from a sample where every patient performed ALND. Nonetheless, our study sample 

was obtained from a center with a TTL cut-off already implemented and therefore it 

reflects the intention to evaluate performance of a clinical practice tool. The study 

design yields real world evidence, valuable for everyday clinical practice and complies 

to the principles of Evidence-Based Medicine [34]. Another possible critic to our study 

is that it is unicentric. As we stated before, the main objective of the study was to 
evaluate performance of a criterion derived from a national cohort, when applied to a 

localized population of breast cancer patients. In fact, this population proved to have 

a greater than average proportion of ER positive tumor patients [11,30], denoting the 

importance of personalized treatment." 

 

24 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence 
 
Page 25, paragraph 1: "This study emphasizes the need to find a new balance 

between locoregional control and morbidity, bearing in mind that, in the current status 

of breast cancer adjuvant treatments, focus should be on preserving the axilla." 

 

25 

Generalisability 21 Discuss the generalisability (external validity) of the study results 
 
The study results are applicable to cT1-3N0 breast cancer patients whose sentinel-
lymph node(s) are processed via One-Step Nucleic Acid Amplification Assay and 
the Total Tumor Load obtained. Our results were obtained in a population where 
95.4% were estrogen-receptor positive tumors. 
 

 

Other information 
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based 
 
Page 25, paragraph 3: "This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-profit sectors." 
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*Give information separately for exposed and unexposed groups. 
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Include interactive data visualizations in your publication and let your readers 
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to include them with your article. 
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