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Background: The main purpose of the study reported here was to validate the clinical value of 

the Memorial Sloan Kettering Cancer Center (MSKCC) nomogram that predicts non-sentinel 

lymph node (SLN) metastasis in SLN-positive patients with breast cancer.

Methods: Data on 1,576 patients who received sentinel lymph node biopsy (SLNB) at the 

Shandong Cancer Hospital from December 2001 to March 2014 were collected in this study, and 

data on 509 patients with positive SLN were analyzed to evaluate the risk factors for non-SLN 

metastasis. The MSKCC nomogram was used to estimate the probability of non-SLN metasta-

sis and was compared with actual probability after grouping into deciles. A receiver-operating 

characteristic (ROC) curve was drawn and predictive accuracy was assessed by calculating the 

area under the ROC curve.

Results: Tumor size, histological grade, lymphovascular invasion, multifocality, number 

of positive SLNs, and number of negative SLNs were correlated with non-SLN metastasis 

(P,0.05) by univariate analysis. However, multivariate analysis showed that tumor size 

(P=0.039), histological grade (P=0.043), lymphovascular invasion (P=0.001), number of posi-

tive SLNs (P=0.001), and number of negative SLNs (P=0.000) were identified as independent 

predictors for non-SLN metastasis. The trend of actual probability in various decile groups was 

comparable to the predicted probability. The area under the ROC curve was 0.722. Patients 

with predictive values lower than 10% (97/492, 19.7%) had a frequency of non-SLN metastasis 

of 17.5% (17/97).

Conclusion: The MSKCC nomogram can provide an accurate prediction of the probability of 

non-SLN metastasis, and offers a reference basis about axillary lymph node dissection. Axillary 

lymph node dissection could be avoided in patients with predictive values lower than 10%.

Keywords: MSKCC nomogram, probability, SLN, axillary lymph node dissection, risk 

factors

Introduction
Sentinel lymph node biopsy (SLNB) can allow sentinel lymph node (SLN)-negative 

breast cancer patients to avoid axillary lymph node dissection (ALND). A prospec-

tive clinical trial has preliminarily verified its feasibility.1 However, ALND is still the 

standard treatment mode for patients with positive SLN. Numerous studies have shown 

that SLN was the unique lymph node with tumor metastasis in 40%–70% patients with 

breast cancer.2,3 Therefore identifying SLN-positive breast cancer patients with non-

SLN metastasis at low risk has become a research hotspot in recent years, as ALND 

can then be avoided in these patients.
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The Memorial Sloan Kettering Cancer Center (MSKCC) 

nomogram proposed by Van Zee et al is the first model in 

the world to predict non-SLN metastasis following a posi-

tive SLN biopsy.4 This model was validated by a total of  

373 cases and the area under the receiver-operating charac-

teristic curve (AUC) was 0.77, which proved to have a good 

diagnostic value.4

The study reported here retrospectively analyzed the 

clinical and pathological data of 509 patients with positive 

SLN to explore the risk factors for non-SLN metastasis and 

verify the clinical value of the MSKCC model in Chinese 

breast cancer patients.

Patients and methods
Patients
A total of 509 breast cancer patients with positive SLN 

who received SLNB in the Shandong Cancer Hospital from 

December 2001 to March 2014 were enrolled in this study. 

All the cases were confirmed by histopathology or cytology 

for invasive breast cancer, and patients had to be clinically 

axillary lymph node negative, have had no previous systemic 

treatment, and their SLN biopsy had to have been successful. 

The method of SLN detection was touch-imprint cytology 

(TIC) and frozen section. The study was approved by the Med-

ical Ethics Committee of the Shandong Cancer Hospital and 

all patients enrolled in the study signed informed consent.

evaluation method of sentinel lymph nodes
We subcutaneously injected 99mTc-labeled sulfur colloid into 

the primary tumor or around the biopsy cavity 3–18 hours 

before the operation and lymphoscintigraphy was performed 

30 minutes before surgery.5,6 After successful anesthesia,  

2–4 mL of 1% methylthioninium was similarly injected.

An intraoperative gamma detector (Neoprobe® neo2000® 

Gamma Detection System, Mannotome, Cincinnati, OH, USA) 

and blue dye were used to identify SLNs. The fresh tissue 

containing the SLNs was sent for intraoperative pathological 

examination by TIC and frozen section. TIC was performed 

from alternative cut surfaces on a glass slide and the whole 

material was then submitted to frozen section. Patients with 

negative SLNs only received SLNB. However, if SLNB failed 

or SLNs were positive, ALND was considered inevitable.

Memorial sloan Kettering cancer center 
nomogram for predicting non-sentinel 
lymph node metastases
The MSKCC nomogram is a computerized model that is 

used to estimate the probability of non-SLN metastasis. 

We logged in to the MSKCC website at http://nomograms.

mskcc.org/Breast/BreastAdditionalNonSLNMetastasesPage.

aspx, and entered the appropriate information of each patient, 

then we could obtain the predicted probability. The MSKCC 

model contains nine independent variables: frozen section 

performed?, pathological size, tumor type and grade, num-

ber of positive SLNs, SLN method of detection, number 

of negative SLNs, lymphovascular invasion, multifocality, 

and estrogen-receptor status. The predictive accuracy was 

assessed by drawing a receiver-operating characteristic 

(ROC) curve and calculating the AUC. The value of AUC 

is between 0.5 and 1.0. In the case of AUC .0.5, the closer 

AUC is to 1.0, the better the effect of diagnosis. The AUC 

has a lower accuracy at 0.5–0.7 and a superior accuracy in 

the range of 0.7–0.9; AUC has high accuracy at more than 

0.9. AUC =0.5 illustrates the diagnostic methods do not 

work and there is no diagnostic value. AUC ,0.5 does not 

conform to reality; it is rarely seen in practice.

statistical analysis
SPSS software (v 17.0; IBM Corporation, Armonk, NY, 

USA) was used to analyze the data of this study. The χ2 test 

or Fisher’s exact test was performed to compare the rate 

between categorical variables, and the independent t-test was 

used to compare the difference in means between groups. 

A multivariable logistic regression analysis was used to 

determine the independent predictors of non-SLN metasta-

sis. Two-sided P-values ,0.05 were considered to indicate 

significant difference.

Results
relative factors for non-sentinel lymph 
node metastasis
Data on 1,576 patients who received SLNB in the Shandong 

Cancer Hospital from December 2001 to March 2014 were 

collected in this study, and data on 509 SLN-positive breast 

cancer patients were analyzed to evaluate the risk factors for 

non-SLN metastasis. A total of 198 patients were determined 

to have non-SLN metastasis (non-SLN positive, 38.9%, 

198/509) and 311 patients were determined to be without 

non-SLN metastasis (non-SLN negative, 61.1%, 311/509).

Univariate analysis showed that tumor size, histological 

grade, lymphovascular invasion, multifocality, number of 

positive SLNs, and number of negative SLNs were related 

to non-SLN metastasis (P,0.05) (Table 1). However, multi-

variate analysis showed that tumor size (P=0.039), histologi-

cal grade (P=0.043), lymphovascular invasion (P=0.001), 

number of positive SLNs (P=0.001), and number of negative 

SLNs (P=0.000) were independent predictors for non-SLN 

metastasis (Table 2).
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Predictive ability of the Memorial sloan 
Kettering cancer center nomogram
As mentioned earlier, we calculated the predicted probability 

of non-SLN metastasis for each patient by logging on to the 

MSKCC website and entering the appropriate information 

online. In order to evaluate the accuracy of the MSKCC 

model, we drew a trend line, with the X-axis and the 

Y-axis representing predicted probability and probability 

of non-SLN metastasis, respectively. Then we found that 

the trend of actual probability in various decile groups cor-

responded to the predicted probability, and there was no 

significant deviation (Figure 1).

Table 1 Univariate analysis of clinicopathological features and the likelihood of non-sentinel lymph node (sln) metastasis

Variable Non-SLN(+) Non-SLN(-) P

Patients, n (%) 198 (100) 311 (100)
age, years (%) 49.13 48.24 0.358

#50 114 (57.6) 200 (64.3) 0.128
.50 84 (42.4) 111 (35.7)

Tumor size, cm (%) 2.96 2.52 ,0.001
T1mic (#0.1) 2 (1.0) 1 (0.3)
T1a (0.1–0.5) 0 (0.0) 1 (0.3) 0.022
T1b (0.5–1.0) 6 (3.0) 15 (4.8)
T1c (1.0–2.0) 58 (29.3) 131 (42.1)
T2 (2.0–5.0) 126 (63.6) 159 (51.1)
T3 (.5.0) 6 (3.0) 4 (1.3)

location (%) 0.354
Upper outer quadrant 100 (50.5) 143 (46.0)
lower outer quadrant 16 (8.0) 29 (9.3)
Upper inner quadrant 49 (24.7) 66 (21.2)
lower inner quadrant 6 (3.0) 17 (5.5)
center area 27 (13.6) 56 (18.0)

Tumor type (%) 0.286
Ductal 175 (88.4) 262 (84.2)
lobular 16 (8.1) 39 (12.5)
Other 7 (3.5) 10 (3.2)

histologic grade (%) 0.034
i 7 (3.5) 22 (7.0)
ii 126 (63.6) 199 (64.0)
iii 47 (23.7) 48 (15.4)

lymphovascular invasion (%) ,0.001
Yes 39 (19.7) 11 (3.5)
no 159 (80.3) 300 (96.5)

Multifocality (%) ,0.001
Yes 21 (10.6) 7 (2.3)
no 177 (89.4) 304 (97.7)

er (%) 0.110
Positive 126 (63.6) 219 (70.4)
negative 72 (36.4) 92 (29.6)

Pr (%) 0.068
Positive 110 (55.6) 198 (63.7)
negative 88 (44.4) 113 (36.3)

her-2 (%) 0.671
Positive 26 (13.1) 45 (14.5)
negative 172 (86.9) 266 (85.5)

Positive slns, n (%) ,0.001
1 99 (50.0) 225 (72.3)
2 56 (28.3) 64 (20.6)
$3 43 (21.7) 22 (7.1)

negative slns, n (%) ,0.001
0 91 (46.0) 62 (19.9)
1 45 (22.7) 89 (28.6)
2 41 (20.7) 73 (23.5)
3 16 (8.1) 48 (15.4)
$4 5 (2.5) 39 (12.5)

Abbreviations: er, estrogen receptor; her-2, human epidermal growth factor receptor 2; Pr, progesterone receptor; mic, micro invasive carcinoma.
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Table 2 Multivariate logistic regression model of factors associated with non-sentinel lymph node (sln) metastasis

Variable B SE Wald P OR 95% CI

age -0.003 0.011 0.083 0.774 0.997 0.977–1.018
Tumor size -0.222 0.108 4.270 0.039 0.801 0.648–0.989
location 0.151 0.077 3.840 0.050 1.163 1.000–1.353
Tumor type -0.441 1.013 0.190 0.663 0.643 0.088–4.680
histologic grade -0.487 0.240 4.107 0.043 0.615 0.384–0.984
lymphovascular invasion -1.882 0.541 12.095 0.001 0.152 0.053–0.440
Multifocality -1.011 0.547 3.419 0.064 0.364 0.125–1.063
er 0.236 0.721 0.107 0.744 1.266 0.308–5.198
Pr 0.189 0.705 0.072 0.789 1.208 0.303–4.811
her-2 0.018 0.336 0.003 0.957 1.018 0.526–1.969
Positive slns, n -0.449 0.131 11.747 0.001 0.638 0.494–0.825
negative slns, n 0.527 0.095 30.532 0.000 1.694 1.405–2.043

Abbreviations: CI, confidence interval; ER, estrogen receptor; HER-2, human epidermal growth factor receptor 2; OR, odds ratio; PR, progesterone receptor; SE, standard 
error of the mean.

Figure 1 Trend line comparing the predicted and actual probability for non-sentinel 
lymph node metastasis.

In addition, we drew an ROC curve and the AUC was 0.722 

(Figure 2). This shows that fairly precise results of non-SLN 

metastasis can be predicted by the MSKCC model. Patients 

with predictive values lower than 10% (97/492, 19.7%) had a 

frequency of non-SLN metastasis of 17.5% (17/97).

Discussion
The development of SLNB was a breakthrough in the field 

of breast surgery in the 1990s. It is an effective method of 

evaluating the status of axillary lymph nodes in patients with 

early-stage breast cancer, and mainly used in clinically axillary 

lymph node-negative patients for lymph-node staging.7,8 ALND 

may not be necessary for SLN-negative breast cancer patients, 

but for SLN-positive patients, ALND is still the traditional 

mode of treatment of breast cancer. In recent years there have 

been calls to reassess this traditional mode through the study of 

axillary lymph node metastasis. On the one hand, studies have 

shown that 40%–70% patients only exist SLN metastasis and 

the ALN of this part of patients are negative, so this subgroup 

of patients cannot benefit from ALND. Further, ALND not only 

increases the operation complication rate and medical costs, but 

Figure 2 The receiver operating curve (aUc) calculation for all the patients using 
the Memorial sloan Kettering cancer center nomogram.
Abbreviations: AUC, area under the curve; CI, confidence interval.

also prolongs hospitalization in such situations.9 Also impor-

tant is that ALND has considerably more side effects for the 

patient than SLN alone. On the other hand, SLNB exists false 

negative rate of 0–29%, which will affect lymph-node staging 

and the treatment of breast cancer. Therefore, it is of great 

clinical importance to make the prediction model used with 

SLN-positive patients clear so as to avoid ALND.

As the earliest model proposed to predict non-SLN metas-

tasis, the MSKCC nomogram has been validated by multiple 

agencies around the world and the value of the AUC ranged 

from 0.58 to 0.86. However, some of the differences between 

the validation results are caused by certain inconsistencies 

among the case models of different research centers and the 

composition of the MSKCC classic case model (Table 3). 
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Degnim et al thought MSKCC nomogram could predict the 

risk of non-SLN metastasis and the AUC was 0.86,10 while 

the AUC obtained by Klar et al was only 0.58.11 Lambert 

et al considered the discrepancy in SLN searching method, 

pathologic evaluation method, and biological characteristics 

of tumors were the important factors that led to change in 

predicting accuracy.12 Yet, between different medical institu-

tions, there exists great difference in the detection method 

of intraoperative SLN. Lambert et al obtained an accurate 

result using the MSKCC nomogram by using TIC to evalu-

ate SLN, and suggested that TIC can be used appropriately 

instead of frozen section in nomogram.12 However, when 

TIC was applied in the same way by Kocsis et al they failed 

to verify the nomogram.13 In our study, all patients who 

received SLNB were submitted for TIC and frozen section, 

which had good accuracy. We thought that the difference in 

the detection method of intraoperative SLN might affect the 

predictive accuracy of MSKCC nomogram.

Of course, the MSKCC nomogram does not include the 

size of SLN metastases, but D’Eredita’ et al regarded this as an 

important predictor of non-SLN metastasis.14 Van la Parra et al 

also concluded that the method of detection is a substitution for 

size of metastasis in the MSKCC nomogram.15 However, the 

nomogram will not work well if the assigned method of detec-

tion does not correlate with size. The size category of SLN 

metastasis can be used in applying the nomogram to patients in 

whom SLN histologic analysis is performed by a very different 

procedure than that used to develop the MSKCC nomogram. 

Table 3 Validation of Memorial sloan Kettering cancer center nomogram in the literature

Study Year Patients, N AUC Predictive factors

Van Zee et al4 2003 373 0.77 Frozen section performed?, tumor size, tumor type, 
number of positive slns, sln method of detection, 
number of negative slns, lymphovascular invasion, 
multifocality, er status

702 0.76

Degnim et al10 2005 462 0.72 age, tumor size, er status, number of positive slns, 
number of negative slns, size of sln metastasis, 
extracapsular extension

89Δ 0.86Δ

alran et al19 2007 588 0.72 –
213* 0.53* –

Pal et al17 2008 118 0.68 histological grade, proportion of positive slns, 
extracapsular extension

Klar et al11 2008 98 0.58 histological grade, tumor position
Kohrt et al18 2008 171 0.77 Tumor size, lymphovascular invasion, size of sln metastasis
coutant et al16 2009 561 0.78 –

246* 0.72* –
van la Parra et al15 2009 182 0.71 –
D’eredita’ et al14 2011 103 0.71 Detection method, tumor size, tumor type, lymphovascular 

invasion, er status, multifocality, number of positive slns, 
number of negative slns

29* 0.57*

Note: *sln micrometastasis. Δindicates two patients groups.
Abbreviations: aUc, area under the curve; sln, sentinel lymph node; er, estrogen receptor.

This results in an improved predictive accuracy.15 Coutant et al  

analyzed 246 patients with SLN micrometastasis, and the 

AUC was 0.72, which showed a satisfactory predictive value.16 

Pal et al simplified the predictive factors and emphasized the 

predictive value of SLN metastasis size for non-SLN metas-

tasis, then improved the prediction accuracy in their study 

population.17 Kohrt et al collected data on 171 patients with 

breast cancer in 2008, and analyzed 92.5% of these patients 

with SLN micrometastasis or isolated tumor cells, then estab-

lished a new Stanford nomogram, which got high accuracy in 

77 patients with SLN macrometastasis.18 Nevertheless, Alran 

et al analyzed patients with SLN micrometastasis, but found 

no predictive value, with an AUC of 0.53.19 Even so, many 

research scholars still consider that MSKCC nomograms can 

be used to assess the risk of non-SLN metastasis and provide 

reliable prediction analysis.20,21

Multivariate analysis of our study showed that tumor size, 

histological grade, lymphovascular invasion, number of posi-

tive SLNs, and number of negative SLNs were independent 

predictors of non-SLN metastasis. But multifocality only 

displayed statistically significant differences in univariate 

analysis (P,0.001) and no significant differences were found 

by logistic regression model (P=0.064, odds ratio =0.364, 

95% confidence interval 0.125–1.063). These results may be 

due to the fact that molybdenum target X-ray and ultrasonic 

examination were routinely performed in our study, which 

could preliminarily screen out the patients with multifo-

cal breast cancer. However, magnetic resonance imaging  
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(MRI) – which can find more multicentricity – was not a 

routine examination before the operations in our study. 

Additionally, the imperfection of pathological examination 

of the surgical specimen in our study would also affect the 

final results. And we also believe that racial disparities and 

the difference in research method between our study and the 

MSKCC model are factors leading to the inconsistency of 

the results. This study demonstrates that the risk factors of 

non-SLN metastasis are essentially in agreement with the 

variables of the MSKCC model, and this result also indirectly 

validates the effectiveness of the MSKCC nomogram.

Our study evaluated the accuracy of the MSKCC model 

for predicting non-SLN metastasis by drawing an ROC 

curve and calculating the AUC. The AUC was 0.722, which 

indicates the MSKCC nomogram could provide a reliable 

prediction method. Many researchers believe that patients 

with predictive values lower than 10% can avoid ALND.12,16 

In our study, patients with predictive values lower than 10% 

(97/492, 19.7%) had a frequency of non-SLN metastasis of 

17.5% (17/97). In addition, these 17 patients all underwent 

breast conserving surgery, a tumor size #2.5 cm, and #2 

positive SLNs. The research of the American College of Sur-

geons Oncology Group (ACOSOG) Z0011 trial showed that 

such patients could avoid ALND.22 Therefore, our research 

is consistent with the findings of research abroad.

Obviously, the MSKCC model has its shortcomings. 

First, in terms of the current domestic diagnosis and treatment 

of breast cancer, the pathological diagnosis of breast primary 

lesions mainly relies on rapid intraoperative frozen section, 

and cannot provide all the variables required for the model. 

Even if we use preoperative core needle biopsy, the judgment 

of lymphovascular invasion and the status of the hormone 

receptor, etc., often take longer. Second, the MSKCC nomo-

gram just provides the probability of non-SLN metastasis, 

rather than a clinical decision.

Conclusion
MSKCC nomograms can be widely used in SLN-positive 

patients for the prediction of non-SLN metastasis, and 

exhibit high reference values for clinical decision making. 

However, they cannot be used as a clinical application of 

standard. Furthermore, whether the model is suitable for 

the Chinese population still needs further verification. So 

we should establish a special statistics model, and use a 

large multi-center sample for validation of the process of 

the nomograms applied in clinic, then optimize and select 

predictive factors with statistical and clinical significance in 

order to provide a more accurate and practical forecasting 

model for different populations. Only in this way can the 

nomogram guide clinical work better.
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