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Abstract
Background

It is debated if all breast cancer (BC) patients with sentinel lymph node metastasis need axillary lymph node dissection (ALND). Based on clinical 
and biological factors, we explore a statistical model for predicting non sentinel node metastasis (non-SNm) in patients with positive SN (SN+). 

Methods

We obtained data on patients from the Swedish National Quality Register for BC patients operated Jan 2008 - May 2012. Pearson´s chi-squared 
test was performed to compare clinical data with presence of non-SNm. The risk of non-SNm, estimated as odds ratio (OR), was calculated with 
multivariable logistic regression analysis and the results were visualized with a nomogram. Receiver operating characteristic (ROC) analysis was 
used to evaluate the discriminatory ability of the regression model (Prisk) in predicting non-SNm.

Results

Out of 5382 patients with SN+, 3181 had macro metastases at sentinel node biopsy and were treated with ALND. The non-SNm was statistically 
significant correlated to the proportion of SN+ (OR increased from 1.41 to 3.75 with raised proportion, p<0.001), tumor size (OR= 1.70, p<0.001), 
LVI-lymphovascular infiltration (OR= 1.63, p<0.001), HER2 expression (OR= 1.49, p=0.004) and multifocality (OR= 1.28, p=0.04). A cut-off value of 
0.3 for Prisk based on the logistic regression model, yielded a sensitivity of 83.2% and specificity of 34.7 % in predicting non-SNm. The results were 
visualized with a nomogram where the proportion of SN+ was the most important factor.

Conclusion

In this study we present a statistical score encompassing BC biology with good sensitivity and acceptable specificity that may be used in 
predicting non-SNm as a complement to traditional staging system used in clinical assessment of BC. 
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Introduction
Axillary lymph node metastasis from primary breast cancer 

(BC) is the earliest clinical presentation of metastatic BC indicating 
the presence of systemic disease and the need for oncologic  

 
treatment [1]. Axillary lymph node dissection (ALND) was 
mandatory in BC treatment for many years but during the last 
decades, sentinel lymph node biopsy (SNB) has been the routine 
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technique for axillary staging in BC patients [2]. In cases with 
negative sentinel node (SN), the likelihood for further spread to the 
axillary non-SN lymph nodes is less than 5% [3-5]. Consequently, 
unnecessary ALND can be avoided in patients with negative SN, 
reducing the risk of ALND associated surgical morbidity [6]. Even 
with micrometastases, as shown in IBCSG 23-10 study, the number 
of axillary events is low [7]. In this regard, it is important to note 
that the AMAROS study showed that both ALND and axillary 
radiotherapy provided excellent and comparable locoregional 
control of selected SN+ patients [8]. 

Therefore, the trend for BC treatment is currently changing 
towards minimizing axillary surgery, despite the presence of 
metastatic SN [9-12]. In this study, including patients with positive 
sentinel-node (SN+), we aimed to identify clinical markers to predict 
the presence of non-SN metastasis (non-SNm). Identification of 
patients with SN+ having low risk for non-SNm is essential to avoid 
unnecessary ALND.

Methods
Patient material

From the Swedish National Quality Registry for Breast Cancer 
(NKBC) we obtained data on patients (n=30653) treated with 
surgery for invasive or in situ BC in Sweden during January 2008 
to May 2012. The study was approved by the NKBC register group 
and the Swedish Ethical Review Authority (Diarnr: 2020-06061). 
The NKBC, is a national database that has been running since 
2008 and covering 99% of patients treated for BC in Sweden [13]. 
This register includes clinical variables such as age, sex, ICD, and 
Systematized Nomenclature of Medicine (SNOMED) codes, TNM 
classification, type of performed surgery, information about the 
SNB status, presence of non-SNm and tumor hormonal status. We 
excluded all patients with missing data about SNB, negative SN, 
and patients not treated with ALND. Out of 5382 patients with 
SN+, 3181 (59%) cases had positive macro metastases at SNB and 
were treated with ALND. Those cases constituted the patient cohort 
investigated in subsequent statistical analysis (Figure 1).

SNB procedure

The SNBs were identified in accordance with routine surgical 
procedures. Briefly, a radioactive isotope (Technetium) was injected 
adjacent to the primary BC, subcutaneously or intracutaneously. 
Preoperative lymphoscintigraphic images were often obtained for 
evaluating the position of the SN. At the time for surgery, Patent 
Blue® was injected with the same technique used for isotope 
injection. The SNB was detected with a handheld gamma probe 
and defined as the lymph nodes emitting radioactivity and/or 
expressing blue colour. In majority of the patients, peroperative 
histopathologic examination of SNB was performed by using 

frozen section. Axillary lymph node clearance was often performed 
directly if any metastasis was found at SNB.

The patients in this study were treated according to the BC 
treatment guidelines from European Society for Medical Oncology 
(ESMO) [14]. At the time of the study, axillary lymph node clearance 
was performed when macro- or/and micro metastasis was found 
at SNB, but not for patients with SN containing only isolated tumor 
cells (ITC). The number of total axillary nodes removed, SNs, 
positive SNs and all positive nodes was registered for each patient. 
Out of these data, the number and proportion rates of positive SN 
and non-SNm were calculated.

Statistical analysis

To explore the association between non-SNm and established 
clinical factors used in assessment of BC, all patients (n=3181) with 
macro metastasis in at least one lymph node of the SN(s) and followed 
by ALND were included in the statistical analyses. The analyses 
were performed with Pearson´s chi-squared test comparing clinical 
data with presence of non-SNm. Clinical variables with statistically 
significant correlation to the presence of non-SNm were included 
in a subsequent multivariable logistic regression analysis. For each 
patient, a risk value (Prisk) based on the formula from the logistic 
regression model was calculated (see supplement). The impact 
of each of the regression coefficients from the logistic regression 
model was illustrated graphically in a nomogram with the user-
contributed program nomolog for Stata [15]. The nomogram 
provides a straightforward method of predicting and visualizing 
the probability of non-SNm by assigning a score proportional to the 
log of the odds ratio (OR) (i.e., estimated regression coefficients) to 
all variables included in the multivariable logistic regression model. 
The command nomolog was applied using default values. Receiver 
operating characteristic (ROC) curves were used to evaluate the 
discriminatory ability of the regression model in predicting non-SN 
metastases. The area under curve (AUC) was calculated with 95% 
CIs. The statistical analyses and graphics were performed with 
software IBM SPSS Statistics 27.0 [16] and Stata/SE 13.1 [17]. 

A P value of < 0.05 was considered statistically significant.

Results
In total, SNB was performed in 23051 patients and 5382 (23%) 

of them had positive SN. Micrometastases and ITC were found in 
1299 (24%) and 360 (7%) patients with SN+, respectively. Macro 
metastasis in SNs were found in 3442 cases. Due to reasons not 
defined in the NKBC data base, 261 (8%) patients with SN+ did not 
undergo ALND. Axillary lymph node dissection was performed in 
3181 (92%) cases and out of these 1263 (39.7%) patients had non-
SNm (Figure 1).
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Figure 1: Consort diagram. The study cohort included patients operated for breast cancer in Sweden between January 2008 and May 2012. 
SNB=sentinel node biopsy, LN=lymphnode, ITC= isolated tumor cells.

The number of nodes in all SNB 

The mean number of lymph nodes removed at SNB was 2 
(range 1-9). The amounts of harvested nodes at SNB were 1 in 
9274 (41%), 2 in 7169 (32%) and more than 2 in 6182 (27%) of 

the patients (missing data for 426 patients). The number of nodes 
removed during SNB was lower in older patients (p<0.001) and if 
the tumor was detected with mammography screening (p< 0.001) 
(Table 1).

Table 1: The number of SN removed at the time of surgery.

Number of SN, N (%)

1 2 >2 P valuea

Age

< 40 217 (30) 231 (32) 271 (38)

< 0.001

40-49 1219 (37) 1047 (32) 1054 (32)

50-59 2037 (41) 1591 (32) 1365 (27)

60-69 3278 (42) 2497 (32) 2035 (26)

70-79 1795 (44) 1284 (31) 1025 (25)

≥ 80 680 (43) 483 (31) 403 (26)
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Tumor Size (mm)

≤ 20 5940 (41) 4583 (32) 3891 (27)

0.05> 20 2413 (40) 1919 (32) 1733 (29)

Mammography Detected

No 3900 (39) 3260 (32) 2969 (29)

< 0.001Yes 5349 (43) 3878 (31) 3176 (26)

SN=sentinelnode 
aPearson’s chi-squared test

Clinical data associated with metastasis in non-SN lymph 
nodes 

The number of lymph nodes with macro metastases removed 
at SNB was associated with presence of non-SNm. In 248 patients 
with more than 2 SN+ removed during SNB, non-SNm was detected 
in 157 cases (63%) (Table 2). The corresponding rates in patients 
with 1 and 2 SN+ were 34% and 50%, respectively (p<0.001). 
The presence of non-SNm was significantly associated with the 
proportion of pathologic SN detected at SNB. Non-SNm was found 
in 161 patients (26%) with SN proportion less than 0.5, in 345 
patients (34%) with SN proportion between 0.5 and 0.99, in 436 

patients (44%) with 1 of 1 SNs, in 206 patients (57%) with 2 of 2 
SNs and in 111 patients (71%) with 3 of 3 SNs at SNB (p<0.001). 
Non-SNm was statistically significant more common in patients 
with tumors > 20 mm (47%) compared to those with tumors ≤ 
20 mm (32%) (p<0.001). The non-SNm was more often found in 
patients with primary tumors expressing lymph vascular invasion 
(LVI) compared to those without LVI (51 % vs 35%, p< 0.001). The 
presence of non-SNm was associated with advanced tumor grade 
as it was more common in patients with NHG 3 (44%) and NHG 
2 (40%) tumors compared to those with NHG 1 (32%) tumors 
(p<0.001).

Table 2: Presence of non-SN metastases related to biological and clinical data in patients with macro metastases in SN.

Patients with non-SN Metastases, N (%)

No Yes P valueb

Sex

Female 1901 (60) 1253 (40)
0.78

Male 17 (63) 10 (37)

Tumor Size (mm)

≤ 20 1033 (68) 488 (32)

< 0.001> 20 861 (53) 763 (47)

Unknown 24 12

No. of SN with Macrometastases

1 1498 (66) 778 (34)

< 0.0012 329 (50) 328 (50)

≥ 3 91 (37) 157 (63)

Proportion of SN with Macrometastases

< 0.5 464 (74) 161 (26)

< 0.001

0.5 – 0.99 683 (66) 345 (34)

1 of 1 562 (56) 436 (44)

2 of 2 156 (43) 206 (57)

3 of 3 or more 45 (29) 111 (71)

Unknown 8 4

LVI

No 1154 (65) 633 (35)

< 0.001Yes 406 (49) 425 (51)

Unknown 358 205

Nottingham Histologic Grade

NHG I 293 (68) 135 (32)

< 0.001
NHG II 1044 (60) 689 (40)

NHG III 557(56) 430 (44)

Unknown 24 9
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ER

Negative 196 (55) 159 (45)

0.042Positive 1699 (61) 1094 (39)

Unknown 23 10

Her2

Negative 1540 (61) 983 (39)

0.004Positive 222 (54) 192 (46)

Unknown 156 88

Multifocality

No 1473 (62) 886 (38)

< 0.001Yes 277 (52) 251 (48)

Unknown 168 126

Mammography Detected

No 1102 (59) 762 (41)

0.08Yes 810 (62) 492 (38)

Unknown 6 9

Age

<40 91 (57) 68 (43)

0.88

40-49 342 (60) 226 (40)

50-59 469 (62) 292 (38)

60-69 564 (61) 365 (39)

70-79 304 (59) 207 (41)

≥80 139 (58) 99 (42)

Unknown 9 6

ER= Estrogen receptor; Her2= Human Epidermal Growth Factor Receptor 2; LVI= lymphovascular invasion; NHG= Nottingham Histologic Grade; 
SN= Sentinel node; bPearson’s chi-squared test.

Metastasis in non-SN was also significantly associated 
to biological markers previously known to be related to BC 
dissemination. Out of 2793 patients with estrogen receptor (ER) 
positive tumors, non-SNm was detected in 1094 patients (39 %). 
In patients having ER negative tumors, non-SNm was found in 159 
(45 %) patients (p= 0.042). The corresponding rates in patients 
with human epidermal growth factor receptor 2 (HER2) negative 
and positive tumors were 983 (39%) and 192 (46%), respectively 
(p=0.004). In case of multifocal tumors, non-SNm was found in 
251 patients (48%), which was a significantly higher proportion 
compared to patients with solitary primary tumors (n=886, 38%) 
(p<0.001). No statistically significant association was found with 

age (p=0.88), sex (p=0.78) or mammography screening (p=0.08) as 
a diagnostic modality (Table 2).

Estimation of metastasis in non-SN lymph nodes 

Estimated as odds ratio (OR), the risk of having non-SNm 
increased significantly in relation to the proportion and the number 
of nodes with macro metastasis found at SNB. If the number of SNs 
investigated was at least 2 and all nodes were pathologic, the OR 
for having non-SNm was 3.75 compared to the reference category 
(proportion of macro metastases among SN harvested < 0.5). If only 
one SN was investigated and if this one contained metastasis, the 
OR was 2.25 and if macro metastasis was found in at least half of the 
SNs, though not in all of them, the OR was 1.41 (Table 3). 

Table 3: The logistic regression showing odds ratio for non-SN metastasesa.

Odds Ratio 95% CI P valuea

Tumor size (>20 mm vs. ≤ 20 mm) 1.7 1.41 - 2.05 <0.001

Her2 (Pos. vs Neg.) 1.49 1.14 – 1.95 0.004

Lymphovascular invasion (Yes vs No) 1.63 1.34 – 1.97 <0.001

ER (Pos. vs Neg.) 0.85 0.64 – 1.14 0.27

Multifocality (Yes vs No) 1.28 1.01 – 1.62 0.04

Nottingham Histologic Grade (II & III vs. I) Proportion of SN with macrometastases 1.15 0.86 – 1.53 0.34

Proportion 0.5–0.99 vs. Proportion <0.5 1.41 1.07 – 1.86 0.02

Proportion=1, and only one SN investigated vs Proportion <0.5 2.25 1.71 – 2.95 <0.001
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Proportion=1 and more than one SN investigated vs Proportion <0.5 3.75 2.73 – 5.15 <0.001

Constant 0.21 0.14 – 0.33 <0.001

ER= Estrogen receptor; Her2= Human Epidermal Growth Factor Receptor 2; LVI= lymphovascular invasion; NHG= Nottingham Histologic Grade; 
SN= Sentinel node 
aThe logistic regression analysis was performed for patients where we had data on all variables included (2139 patients).

The risk of having non-SNm was significantly correlated to 
patients with tumors larger than 20 mm (OR 1.70, 95% CI 1.41-2.05 
and p <0.001), positive HER2 expression (OR 1.49, 95% CI 1.14-
1.95, p = 0.004), multifocality (OR 1.28, 95% CI 1.01-1.62, p=0.04) 
and LVI (OR 1.63, 95% CI 1.34-1.97, p <0.001). The result from the 
logistic regression model was visualized in a nomogram showing 
the predicted probability of non-SNm for each patient (Figure 2). 
The higher score in the nomogram, the higher probability of non-
SNm. For example, the total score of 6 gives a probability of less 

than 0.30 for non-SNm and the total score of 10 gives a probability 
of approximately 0.40. The ROC analysis based on the logistic 
regression model had an area under the curve (AUC) of 0.68; 95 
% CI 0.66 – 0.70 (Figure 3). A cut-off of 0.3 for the Prisk value 
yielded high sensitivity (83.2%), but lower specificity (34.7 %). 
Nevertheless, a cut-off for the Prisk value of 0.2 yielded a sensitivity 
of 97.1% but a low specificity of 7.6%. The sensitivity and specificity 
rates related to other Prisk cut-off values are reported in Table 4.

Table 4: Sensitivity and specificity at different cut-off values.

Cut-off Sensitivity (%) Specificity (%)

0.2 97.1 7.6

0.3 83.2 34.7

0.4 63.6 62.4

0.5 39.4 83.9

0.6 19.8 94.4

Figure 2: Nomogram visualizing the probability of non-SN metastases for each patient, based on the values of the multivariable logistic 
regression coefficients. For each variable, a vertical line is drawn from the appropriate point down to the Score scale. The total score is 
obtained by adding up the scores of all variables. The predicted probability of non-SNm for each patient is achieved by drawing a vertical line 
from the Total score scale up to the Predicted probability scale.
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Figure 3: Receiver operating characteristic (ROC) curves representing the discriminatory ability of the logistic regression model. The area 
under the curve (AUC) is 0.68; 95 % CI 0.66 – 0.70.

Discussion
In this study, we used pre-/postoperative clinical and biological 

tumor data to create a predictive model for selecting patients with 
macro metastases at SNB to perform ALND or not. The number 
and proportion of pathologic nodes at SNB are significantly related 
to non-SNm. The model of Prisk calculation, based on clinical 
and biological features of BC, provides a good estimation for the 
presence of non-SNm in patients with pathologic SN. Over the past 
decades, it has been empirically found that ALND might not be a 
necessary treatment in all patients with pathological SN, hence 
the current trend in BC treatment is changing towards minimizing 
axillary surgery [11,18,19]. Consistent with previous reports, 
our study shows that 60.3% of BC patients with pathologic SN 
do not have non-SNm and thus are not expected to benefit from 
subsequent ALND. Refraining ALND in some patients despite SN+ 
is still controversial [2,7,8] due to difficulties of selecting the cases 
that will benefit from this surgical procedure. As a first step, it is 
desirable to correctly select the majority of the 60% of patients 
without non-SNm to avoid complementary ALND. 

The arguments against omission of ALND is that metastasis in 
the axilla is still a significant prognostic factor guiding the selection 
of adjuvant treatment and surgical locoregional control of BC [10, 
20]. Hence, developing predictive models based on clinical and 
biological data to estimate the risk of non-SNm is still essential to 
avoid unnecessary ALND [21]. Today, most tumor characteristics 
can be evaluated at routine preoperative core biopsy and ultrasound 
investigation. At the time of primary surgery, the presence of 

macro metastasis in SNB can be detected by frozen section of SNB. 
Thus, already during the primary surgery, one can tentatively 
estimate the risk of the presence of non-SNm and make decision 
for ALND, based on data obtained from preoperative core biopsy 
and peroperative SNB diagnostics. In several trials, no difference 
in tumor recurrence and overall survival was found in patients 
with ITC or micro metastases and omitting ALND in these cases is 
generally accepted [9, 22]. Moreover, Ingvar C et al recently showed 
in a study of more than 1500 patients with small breast cancers 
that omitting all axillary surgery was associated with very low rates 
of axillary events [23]. The presence of non-SNm has been shown to 
be related to the number of pathologic SNs, lobular phenotype and 
multifocal primary tumors [24]. 

In our study, tumor size, the proportion and number of positive 
nodes at SNB, LVI, multifocality and HER2 expression were 
associated with the presence of non-SNm. We combined tumor 
biological features and SNB characteristics in a statistical model 
to estimate the risk for the presence of non-SNm, attempting to 
improve the selection of patients with SN+ that will benefit from 
ALND. Based on this model, a Prisk of 0.4 yielded a sensitivity of 
63.6% and specificity of 62.4% in predicting axillary non-SNm. This 
means that out of the patients where non-SNm were identified, 
64% were correctly predicted to have non-SNm according to the 
model. A Prisk of 0.5 increased the specificity to 83.9%, albeit at the 
cost of the sensitivity 39.4 %. 

The Tenon score, used in several studies for predicting axillary 
metastasis, has a sensitivity of 92.1% and specificity of 70.1% 
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[25]. The Tenon score is based on 3 variables: presence of macro 
metastasis, tumor size and the proportion of positive nodes at 
SNB. It does not include tumor biological factors, such as LVI and 
HER2 expression [25,26]. Similar factors in Tenon scores are used 
in Memorial Sloan Kettering Cancer Center (MSKCC) nomogram 
[27,28]. In general, all models used to predict non-SNm in BC 
show lower accuracy when applied outside the populations they 
are developed in [29]. In most studies the inclusion criteria are 2 
SN+ to refrain from ALND [8,18]. In our study, 50% of the patients 
with 2 SN+ actually had non-SNm. The predicted risk for non-SNm 
was increased by combining some risk factors in the nomogram. 
For example, 2 SN+ of 2 LNs investigated, LVI and tumor size >20 
mm yields a total score of 18, which corresponds to a predicted 
probability of approximately 67%. Today, even with a limited 
spread in the axilla (1-2 positive SN) it is suggested to avoid ALND 
and the morbidity associated with this type of surgery. For example, 
in Sweden all eligible patients with up to 2 SN+ are currently offered 
to participate in the randomized clinical study, SENOMAC [12]. For 
those who are not included, ALND is recommended according to 
the Swedish national guidelines for BC [30]. Notably, this study does 
not take in consideration the biological properties of the primary 
tumor or the proportion of pathologic nodes in SNB. 

The adjuvant oncologic treatment is assumed to eliminate 
residual disease after surgery. Hence, if we only perform diagnostic 
SNB-surgery, patients with metastasis in the SN should be offered 
adjuvant oncological treatment. In the clinical trial Z0011 [31] it 
was shown that the tangential radiation and systemic therapy 
was quite effective in controlling residual axillary node disease 
in patients that were not treated by ALND. Similar results were 
shown in the AMAROS study [8] that also had low arm morbidity 
in the radiotherapy group. Moreover, the ACOSOG Z0011 [31] and 
IBCSG 23-01 [7] trials showed that patients with 1-2 SN+ who 
were treated with breast conserving surgery with whole-breast 
irradiation and adjuvant systemic treatment, could be spared 
ALND without compromising locoregional control of BC or survival 
outcome. In light of these observations, the findings presented in 
our study indicate that patients with low number and proportion 
of pathologic SN, ER+ and HER2+ small tumors (≤ 20 mm) without 
LVI had significant low risk of having non-SNm and thus could 
be refrained from axillary treatment. The strength of our study 
is that it is population based and consist of large patient cohort. 
The scoring model is based on a combination of clinical and tumor 
biological factors, which tentatively might better encompass the 
malignant behaviour of the tumor. Moreover, the predictive model 
presented here can be applied in adjacent to primary surgery 
as a complement to traditional staging system used in clinical 
assessment of BC. Further studies are needed to validate this model 
in another data set and test it in relation to other clinical data, such 
as tumor specific survival and outcomes of adjuvant oncologic 
treatment.

Conclusion
There is a need for a predictive model based on tumor burden 

and biology to predict metastasis in axillary non-SN. In this study, 
we present a statistical score encompassing BC biology with good 
sensitivity and acceptable specificity that can be used in predicting 
non-SNm as a complement to traditional staging system used in 
clinical assessment of BC. We suggest that such a scoring model 
might be applicable in adjacent to primary surgery in order to 
avoid unnecessary ALND without compromising the oncological 
outcomes of BC surgery. 
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