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Abstract

Background Axillary lymph node dissection (ALND) is

the standard procedure for breast cancer with sentinel

lymph node (SLN) metastasis. However, additional nodal

metastasis is occasionally detected (\40 % cases) during

complete ALND in patients with SLN metastasis. Several

models have been developed to predict the non-SLN status

of patients with SLN involvement. We evaluated 3 of these

mathematical models independently.

Patients and Methods A retrospective review was per-

formed for 102 consecutive breast cancer patients with

positive SLN biopsy who underwent ALND. We evaluated

the area under the receiver operating characteristic curve

(AUC) to determine the predicted risk of non-SLN

metastases by using 3 mathematical models (from Memo-

rial Sloan-Kettering Cancer Center (MSKCC), Stanford

University, and Cambridge University).

Results Of the 102 patients who underwent SLN biopsy,

47 (46.0 %) had a positive non-sentinel axillary lymph

node metastasis. The AUC values were 0.71, 0.65, and 0.62

for the MSKCC, Stanford, and Cambridge nomograms,

respectively.

Conclusions None of the 3 nomograms had reasonable

predictive power for the Japanese population. However,

these nomograms can help individualize the surgical

treatment of patients with positive SLN when the likeli-

hood of further axillary metastasis is low. Each nomogram

has its own characteristics for prediction of the risk of non-

SLN metastasis.
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Introduction

Axillary lymph node status is the most clinically significant

prognostic factor in the management of breast cancer

patients. Sentinel lymph node (SLN) biopsy analysis is

considered an effective procedure for assessing lymph node

metastasis. SLN biopsy is a safe and well-studied tech-

nique, and the morbidity resulting from lymphedema,

sensory disturbance, and shoulder dysfunction is lower

than that from axillary lymph node dissection (ALND) [1–

3]. When the histopathological analysis of an SLN biopsy

specimen reveals no metastasis, the risk of metastasis to

non-SLNs is extremely low [4]. ALND is currently rec-

ommended only for patients with macrometastatic or

micrometastatic SLNs. Complete ALND is performed for

staging purposes only because residual occult disease in the

axilla at the time of primary treatment may be associated

with a small reduction in survival [5]. Approximately 50 %

of patients with SLN metastases do not have additional

positive nodes [6]. However, ALND remains the standard

treatment procedure and standard diagnostic procedure for

patients with SLN metastasis, according to the Japanese

clinical guidelines for breast cancer. ALND may be avoi-

ded for selected patients, and many studies have attempted

to answer this clinical question. Several groups have
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identified histopathological variables related to the size of

the primary tumor and SLN metastasis that can predict the

risk of additional disease in non-SLNs [7–10]. The most

widely used models include 3 nomograms (Memorial

Sloan-Kettering Cancer Center (MSKCC), Stanford, and

Cambridge). These models use an array of primary tumor

characteristics (tumor size, histologic grade, lymphovas-

cular involvement, and hormonal receptors) and nodal

factors (number of involved SLNs, detection method, and

size of metastasis) to calculate the risk of non-SLN

metastasis.

The MSKCC and Stanford nomograms are available as

online calculators. The online availability enables easy

access by physicians at any institution worldwide. The

formula developed at Cambridge University, which

requires 3 variables only, is easily calculable.

Many validation studies have been performed to esti-

mate the accuracy of these nomograms. These studies were

mainly performed for breast cancer patients of Western

countries, and additional validation studies for the Asian

population have not yet been reported. To evaluate the

future application and accuracy of these nomograms for

breast cancer patients in Japan, we evaluated the risk of

non-SLN metastasis as predicted by these nomograms.

Materials and methods

Patients

Between February 2000 and June 2009, SLN biopsy for

primary breast cancer was performed for 730 patients listed

in our medical database. All of the patients were Asian

women. The SLN biopsy revealed metastatic disease in 181

patients (24.8 %). ALND was performed for 102 SLN-

positive patients. Data concerning these patients were

collected from the breast cancer database of our institution.

The patients underwent surgical therapy for primary inva-

sive breast cancer but were not administered neoadjuvant

therapy. The SLN biopsy was successful, and the SLNs

were found to be positive for metastatic disease that varied

in intensity. Written informed consent was obtained from

each patient.

Intraoperative SLN biopsy

Intraoperative lymphatic mapping was performed by

peritumoral and periareolar injection of a blue dye alone or

in combination with 99mTc-labeled sulfur colloid. For all

the patients, the filtered 99mTc-labeled sulfur colloid was

injected into the breast parenchyma surrounding the tumor

1 day before surgery. For patients who received sulfur

colloid injection, a handheld gamma detection probe was

used to scan the axilla transcutaneously and identify the

most radioactive area. An axillary incision was made, and

nodes that had taken up the blue dye radiotracer or the blue

dye together with the labeled colloid were identified as

SLNs.

Axillary lymph node dissection

ALND was performed at the time of SLN biopsy if tumor

cells were found during intraoperative examination. All

patients with an SLN that was found to be positive on

definitive histology (including IHC only metastatic) were

recalled for ALND within 4 weeks from the initial surgery.

Histopathologic examination of the SLNs

The SLNs identified during the operation were removed

and immediately sent for frozen-section histological

examination. For intraoperative evaluation, the nodes

were transversally sliced into 2-mm slices. Slides were

made for every frozen slice and serially stained with

hematoxylin and eosin (HE). For the final pathological

diagnosis, the frozen tissues were fixed in formalin and

embedded to obtain permanent sections (30-lm thick-

ness). The cytokeratin antibody CAM5.2 (Becton–Dick-

inson Immunocytometry Systems, San Jose, CA, USA)

was also used. For all additional nodes identified at

ALND, routine HE analysis was performed on a single

section of each node.

Each primary tumor was evaluated in terms of the size

of the invasive component, histological type, nuclear grade,

ER and progesterone receptor (PR) status, human epider-

mal growth factor receptor (HER2) status, size of the

largest metastasis in the SLN, and presence of multifocal

disease and LVI.

Nomogram analysis

The probability of non-SLN metastasis was calculated for

each patient by use of the different models. The approach

presented on the MSKCC web site (http://www.mskcc.org/

nomogram) was utilized and included tumor size and

grade, number of positive SLNs, number of negative SLNs,

method of detection of SLNs, ER status, LVI status, and

multifocality of the tumor, as listed in Table 1.

The Stanford nomogram required tumor size, LVI sta-

tus, and the largest size of SLN metastasis, as listed in

Table 1; the variables were entered directly into the online

tool (https://www3-hrpdcc.stanford.edu/nsln-calculator/).

The formula developed at Cambridge University [11]

required histological grade, largest size of SLN metastasis,

and the proportion of positive SLNs among all removed

SLNs, and used the formula below:
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Predictability = 1/(1 ? exp(4.19 - [0.62 9 grade]

- 0.11 9 [SLN metastasis size] - 2.15 9 [proportion of

positive SLNs])).

Data analysis

The discriminating power of the nomograms was assessed

by calculating the area under a receiving operative char-

acteristic (ROC) curve. The ROC curve shows the

relationship between the sensitivity and the number of

false-positive results (1 - specificity) of a test across all

possible threshold values that indicate the presence of a

disease or condition. The area under the curve (AUC) is a

summary measure of the ROC. All of the calculations were

performed for the entire cohort (n = 102). All analyses

were performed using SPSS 16.0 (SPSS, Chicago, USA).

Results

Our study group consisted of 102 patients. Median patho-

logical tumor size was 1.6 cm (range 0.3–4.8 cm) and the

median number of SLNs was 2 (range 1–7). Of the 102

patients, 47 (46.0 %) had additional positive non-SLNs.

The descriptive characteristics of the total study population

are listed in Table 2.

Complete pathology data were not available for all 102

patients. An ROC curve was plotted to assess the dis-

crimination of the MSKCC, Stanford, and Cambridge no-

mograms (Fig. 1). Each curve was summarized according

to the AUC statistic; results for the 102 patients with

Table 1 The variables included in the three nomograms

MSKCC Stanford Cambridge

Tumor size + +

Tumor type/grade + +

Lymphovascular invasion + +

Multifocal or localized +

Estrogen receptor status +

Frozen section? +

Method of SLN detection +

No. of positive SLNs +

No. of negative SLNs +

Size of involved SLN + +

Proportion of positive SLNs +

Area under curve

Retrospective 0.76 0.80 0.83

Prospective 0.77 – 0.72

SLN sentinel lymph node, MSKCC Memorial Sloan-Kettering

Cancer Center

Table 2 Descriptive characteristics of study group (n = 102)

n %

Age (years)

B50 30 29.4

[50 72 70.6

Pathological size (cm)

B0.5 3 2.9

0.6–1.0 20 19.6

1.1–2.0 48 47.1

2.1–3.0 27 26.5

3.1–5.0 4 3.9

Tumor type and nuclear grade

Ductal, I 11 10.8

Ductal, II 46 45.1

Ductal, III 44 43.1

Lobular 1 1.0

Lymphovascular invasion

No 22 21.6

Yes 80 78.4

Multifocal

No 95 93.1

Yes 7 6.9

Estrogen-receptor status

Negative 7 6.9

Positive 95 93.1

Method of detection

IHC only 2 2.0

Routine HE 20 19.6

Frozen 80 78.4

Frozen sections not done 0 0.0

Positive SLN (n)

1 75 73.5

2 21 20.6

3 3 2.9

4 2 2.0

C5 1 1.0

Negative SLN (n)

0 69 67.6

1 26 25.5

2 5 4.9

3 1 1.0

4 0 0.0

C5 1 1.0

Size of involved SN (mm)

B0.2 4 3.9

0.3–2.0 17 16.7

C2.0 81 79.4

SLN sentinel lymph node, IHC immunohistochemistry, HE hema-

toxylin and eosin

Breast Cancer (2014) 21:571–575 573

123



complete data for the 3 models are shown in Table 3. The

95 % confidence intervals overlapped, which indicates a

lack of statistically significant differences among the

curves. The AUC values were 0.71, 0.65, and 0.62 for the

MSKCC, Stanford, and Cambridge nomograms (Table 3),

respectively, and the results were essentially the same

when each model was calculated individually. All 3 models

had an AUC that was significantly greater than 0.50.

Discussion

SLN biopsy has become a universally accepted standard

procedure for patients in the early stage of breast cancer.

SLN biopsy enables identification of patients without SLN

metastasis, and ALND can thus be avoided for these

patients. For SLN-negative patients, omission of ALND is

regarded as safe and appropriate. However, the surgical

management of patients with a positive SLN is contro-

versial. The survival benefit of complete ALND after SLN

biopsy is uncertain, and several trials are currently

addressing this problem. Guiliano et al. [12] reported that

in the American College of Surgeons Oncology Group

Z0011 randomized trial, ALND did not significantly affect

overall or disease-free survival at 5 years for patients with

clinical T1–T2 breast cancer and a positive SLN who were

treated with lumpectomy, adjuvant systemic therapy, and

tangential-field whole breast radiation therapy and who

received ALND rather than no further axillary treatment.

Yi et al. [13] examined data archived in the Surveillance

Epidemiology and End Result database for nearly 27,000

US breast cancer patients with a positive SLN, and also

found no difference in overall survival between patients

who did and did not receive ALND. If axillary dissection is

not always necessary for patients with a positive SLN, it

seems important to be able to reliably identify patients at

high risk of developing overt axillary disease who should

receive ALND. Studies on patients with a positive SLN

who received ALND show that approximately 60 % did

not have additional axillary lymph node metastasis [7, 8].

ALND serves no therapeutic benefit for these patients.

Proponents of ALND argue that this procedure is essential

to determine the number of positive axillary lymph nodes,

which provides information regarding staging and helps to

guide adjuvant therapy planning. However, after complete

ALND, 10–15 % patients develop permanent lymphedema,

seroma, chronic pain, or arm paresthesia [14, 15]. Thus,

physicians must balance understanding the extent of the

disease with over-treating the clinically negative axilla.

Several studies have attempted to identify risk factors to

create a model to predict the likelihood of additional dis-

ease in non-SLNs for patients with involved SLNs. The

nomogram is a mathematical tool that is used to assist

postoperative decision making for patients with a positive

SLN. The MSKCC nomogram was published in 2003 by

Van Zee et al. [16] and was the first nomogram to predict

non-SLN metastasis after a positive SLN biopsy. When

applied prospectively to a group of 373 patients, the model

had an AUC of 0.76. In 2008, a modified nomogram using

only 3 histopathological variables was developed at Stan-

ford by Kohrt and colleagues [17]. The Stanford nomogram

was validated against the MSKCC nomogram by using an

independent data set of 77 patients with involved SLN. The

AUC was 0.74 and 0.62 for the Stanford and MSKCC

nomograms, respectively. Similarly, in 2008, Pal et al. [11]

at Cambridge published a modified model of the MSKCC

nomogram with improved predictive accuracy (AUC 0.80).

This study compared the performance of the MSKCC

nomogram, the Stanford nomogram, and the Cambridge

nomogram in predicting non-SLN metastasis.

As a general rule, a model that performs with an AUC of

0.5 has no discriminative benefit, an AUC of 0.5–0.7

indicates low accuracy, and an AUC of 0.7–0.9 indicates

moderate accuracy [18, 19]. In our study (Table 3),

although our study population was small, the MSKCC
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Fig. 1 Receiver operating characteristic (ROC) curves for the 3

mathematical models. MSKCC, Memorial Sloan-Kettering Cancer

Center

Table 3 Comparison of receiver operating characteristic curves for

the three mathematical models for 102 women in our institute

AUC Standard error 95 %CI

MSKCC 0.71 0.05 0.61–0.76

Stanford 0.65 0.05 0.55–0.76

Cambridge 0.62 0.06 0.51–0.73

AUC area under the curve, CI confidence interval, MSKCC Memorial

Sloan-Kettering Cancer Center
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nomogram was the best discriminator of non-SLN metas-

tasis for Japanese patients with positive SLNs. A plausible

explanation may be that the MSKCC nomogram relies on

use of 9 variables to calculate the risk of non-SLN

involvement, whereas only 3 variables are used by the

other two nomograms. The performance of the Stanford

and Cambridge models was weaker but these had the

advantage of requiring only 3 variables, and the Stanford

nomogram is available online. Physicians have to take

these factors into account when choosing a nomogram to

use clinically [20].

In our cohort, the AUC values of the 3 nomograms were

worse than those reported in the original papers, probably

because our patients’ characteristics significantly differ

from those of the original series for which the instruments

were developed. The inclusion of more variables should

result in better performance of the nomograms for a variety

of patient populations by diluting the effect of differences

in the distribution of the variables.

For some patients, ALND could be avoided even though

the patients have positive SLNs. In practice, we use these

nomograms as part of the decision-making process, par-

ticularly in borderline cases. In the absence of any other

reliable data, nomograms can assist clinical decisions by

providing quantitative information.
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