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Several models for predicting the likelihood of nonsentinel
lymph node (NSLN) metastasis using histopathologic parame-
ters in sentinel-positive breast cancer patients have been
proposed. In this study, we established a new model that uses
sentinel lymphoscintigraphic findings and histopathologic
parameters as covariates and assessed its predictive perfor-
mance. Methods: The analysis included breast cancer patients
(n 5 301 women) who underwent sentinel lymphoscintigraphy
(SLS) using 99mTc-labeled human serum albumin, had sentinel
lymph node biopsy results positive for metastasis, and subse-
quently underwent complete axillary lymph node dissection.
First, we devised a grading system relating SLS patterns to
the risk of NSLN metastasis positivity. Second, we developed
a multivariate logistic regression model for the prediction of
NSLN metastasis using the SLS pattern and histopathologic
parameters as covariates and compared its performance with
that of the extensively validated Memorial Sloan-Kettering Can-
cer Center model using receiver-operating-characteristic curve
analysis. Results: The SLS visual grade was strongly correlated
with the presence of NSLN metastases. A well-calibrated pre-
diction model for NSLN metastasis was constructed using SLS
grade and histopathologic findings. The mean area under the
curve of our model was 0.812, which is significantly greater than
that of the Memorial Sloan-Kettering Cancer Center model (P ,
0.001). A nomogram was drawn to facilitate the application of
our model. Conclusion: SLS can aid in predicting NSLN me-
tastasis in patients with breast cancer. Our model performed
better than did established prediction models.
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The reduction of the extent of surgery has been a recent
continuous trend in breast cancer treatment. Breast-con-

serving surgery and sentinel lymph node biopsy (SLNB)
techniques have largely replaced modified radical mastec-
tomy and systematic axillary dissection for early-stage
breast cancer patients. SLNB facilitates the assessment of
axillary lymph node (LN) status with high negative pre-
dictive value in patients with clinically node-negative
early-stage breast cancer. When positive LN metastasis
is detected by SLNB, the patient then undergoes complete
axillary LN dissection (ALND). However, previous reports
suggest that no additional LN metastasis is found on axil-
lary dissection in approximately 50%–65% of such patients
(1,2). Therefore, more than half of patients positive for
sentinel lymph node (SLN) metastasis will have unneces-
sary ALND under the current guidelines.

Many studies concerning the predictive factors for
additional LN metastasis in SLN-positive patients have
been published. Several centers have developed models for
predicting additional LN metastasis based on histopathol-
ogic findings (3–7), but these usually perform subopti-
mally. For example, the receiver-operating-characteristic
(ROC) curve analysis of the Memorial Sloan-Kettering
Cancer Center (MSKCC) model (3), one of the most exten-
sively validated models, shows an area under the curve
(AUC) of 0.72–0.86 (3,4,8–10).

Sentinel lymphoscintigraphy (SLS) is performed to map
SLNs using radiopharmaceutical tracers. SLS is thought to
be useful for evaluating the success or failure of SLN
mapping and also for the rough localization of SLNs. In our
hospital, 99mTc-labeled radiopharmaceuticals, such as
99mTc-antimony trisulfide colloid, 99mTc-tin colloid, and
99mTc-human serum albumin (HSA), have been used for
this purpose. During routine clinical practice, we observed
a possible relationship between the findings of increased
retention in upstream lymphatic vessels and decreased up-
take in SLNs on SLS and increased axillary tumor burden.
This association was more prominent when more fluid
radiopharmaceuticals such as 99mTc-HSA (the particle size
of which is much smaller than that of 99mTc-antimony tri-
sulfide colloid or 99mTc-tin colloid) were used. Therefore,
we hypothesized that the sentinel lymphoscintigraphic pat-
tern might be a useful predictor of additional LN metastasis
in SLN-positive breast cancer patients.
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In this study, we first demonstrated the utility of SLS
findings for predicting nonsentinel LN (NSLN) metastasis
in SLN-positive breast cancer patients. We then constructed
a model for predicting NSLN metastasis using the SLS
pattern as a covariate. Finally, we compared the perfor-
mance of this model with that of the MSKCC model.

MATERIALS AND METHODS

Patient Population
From August 2005 to December 2008, 1,627 female breast

cancer patients underwent surgery with SLN biopsy using 99mTc-
HSA for SLN mapping. Of these 1,627 patients, 301 who met the
inclusion criteria were retrospectively enrolled in the study. The
inclusion criteria were positivity for SLN metastasis; no neoad-
juvant chemotherapy; and complete ALND, with an adequate
number ($6) of dissected LNs. These 301 patients were used to
demonstrate the utility of SLS as a predictor of NSLN metastasis
and to construct and validate the prediction model (Table 1).

From the 1,627 patients with 99mTc-HSA SLS results, 200 who
had no SLN metastasis and received no neoadjuvant chemother-
apy were randomly selected and used as an auxiliary dataset for
validating the utility of SLS (Table 1).

This study was performed in accordance with guidelines from
our institutional review board on the review of medical records
(NCCNCS-11-535).

SLS Procedure and Image Interpretation
On the day of surgery, 37 MBq of 99mTc-HSA (0.2 mL; Techne

Albumin Kit [Daiichi Radioisotope Laboratory]) were injected
intradermally in the periareolar area within the tumor-bearing
breast quadrant. Immediately after injection, anterior planar
images were acquired for 5 min using a single-head g-camera
(Argus; ADAC Laboratories) with a high-resolution parallel col-
limator. After the acquisition of the anterior images, lateral images
were acquired for 5 min.

The sentinel lymphoscintigraphic images of the 301 sentinel-
positive and 200 sentinel-negative patients were pooled and
interpreted by 2 experienced nuclear medicine physicians masked
to axillary LN status. In consideration of previous studies of the
significance of SLS distribution, the SLS patterns were classified
as focal, intermediate, serpentine, or no uptake on the basis of
SLN visualization and lymphatic retention (Table 2; Fig. 1). Clas-
sifications that were discordant between the 2 nuclear medicine
physicians were settled by consensus.

Demonstration of Correlation Between
Lymphoscintigraphic Findings and NSLN Status

The visual grading system developed in the previous section
was applied to the 301 patients with SLN metastasis. The
proportions of patients positive for NSLN metastasis among those
with each grade were calculated and tested for statistical
significance using the Pearson x2 test. The trend of the proportions
was tested using the Cochran–Armitage trend test implemented
with R software (R Foundation for Statistical Computing; http://
www.R-project.org/).

The same visual grading system was also applied to the
auxiliary dataset of 200 patients negative for SLN metastasis. If
the SLS pattern could predict NSLN metastasis, then the
distribution of the SLS patterns in SLN-positive–NSLN-negative
patients might be similar to that in the SLN-negative patients and
dissimilar to that in the SLN-positive–NSLN-positive patients.

The Pearson x2 test was performed to compare the proportions
of each of the visual grades among these 3 patient groups (SLN-
negative, SLN-positive–NSLN-negative, and SLN-positive–
NSLN-positive).

SLN Biopsy and Complete ALND
Patients came to the operating room about 1–3 h after the

99mTc-HSA injection. A handheld g-probe (Navigator; United
States Surgical Corp.) was used to assist in SLN detection. The
probe was used before incision to identify the area of greatest
activity in the axilla. During surgery, the probe was used to con-
firm the location of the SLN and guide dissection. An SLN was
defined as any radioactive node with a 10:1 ex vivo g-probe ratio
of SLN to nonsentinel LN. After excision of the SLN, the axilla
was examined with the probe to confirm that no radioactive nodes
remained. When SLNs were not clearly identified by SLS or the
g-probe, 1 mL of blue dye (indigo carmine) was injected subder-
mally into the periareolar area within the tumor-bearing breast
quadrant or peritumorally before the start of surgery. The removed
SLNs were sent to the pathology department for histologic exam-
ination. When an SLN was determined to be positive for metas-
tasis, complete ALND to level II or III was performed.

Histopathologic Evaluation
All SLNs were measured, sliced perpendicular to the long axis

into 2-mm-thick serial sections, entirely embedded, and frozen.
Sections were taken from 2 levels of each block and stained with
hematoxylin and eosin (H&E) for frozen-section diagnosis. Af-
ter the frozen-section diagnosis was made, all remaining SLN
tissue was thawed, fixed in 10% buffered formalin, and entirely
embedded in paraffin blocks. One 4-mm-thick section from each
block was stained with H&E for routine histologic examination.
Other sections of SLNs in which no metastasis was identified on
H&E-stained slides were examined by immunohistochemical
staining with monoclonal antihuman cytokeratin (clone AE1/AE3,
1:500; Dako). When ALND was performed, all NSLNs were
dissected from the fresh fibrofatty ALND specimens and embed-
ded in paraffin blocks, and H&E-stained slides were prepared.
The breast specimens were routinely processed for pathologic
examination.

Construction of Model for Predicting
NSLN Metastasis

The collected data included the sentinel lymphoscintigraphic
pattern and the following clinical and pathologic data: patient age
(y), number of negative SLNs, number of positive SLNs, size of
LN metastasis (#2, 2–10, 10–20, and .20 mm), perinodal exten-
sion (present vs. absent), primary tumor size (mm), multifocality
(yes or no), histologic grade (I, II, or III), lymphovascular invasion
(present vs. absent), and estrogen receptor status (positive vs.
negative). Nuclear grade is generally not assessed in our hospital.
However, because nuclear grade is highly correlated with histo-
logic grade (3), and substitution of nuclear grade with histologic
grade does not affect the performance of the MSKCC model (11),
we used histologic grade instead of nuclear grade in the MSKCC
model.

Multivariate logistic regression was performed to construct
a model for predicting NSLN metastasis. Initially, all of the
aforementioned 11 variables were used as covariates. Then,
covariates yielding high P values (P . 0.20) were excluded from
the model. The remaining covariates were used to construct the
final model (National Cancer Center [NCC] model). The Hosmer
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and Lemeshow test was used to assess the model calibration. A
nomogram for visual application of this model was drawn using
the Design library (F.E. Harrell Jr.; R package version 2.0-9) and
the R software program (R Foundation for Statistical Computing).

Validation of NCC Model Performance and
Comparison with That of MSKCC Model

Bootstrap resampling was used for internal validation of the
NCC model. Bootstrap resampling using 1,000 replications was
performed using MATLAB software (version 7.4; The Math-
Works, Inc.). ROC curve analysis was used to evaluate model
performance. The mean AUC and 95% bootstrap confidence
interval (bias-corrected and accelerated) were calculated. The
same 1,000-bootstrap-resampled patient datasets were subjected to
probability calculation using the MSKCC nomogram. The mean
AUC and 95% bootstrap confidence interval (bias-corrected and
accelerated) were calculated.

For model comparison, the mean AUC of the NCC model was
compared with that of the MSKCC model using the bootstrap
method. Mean ROC curves of the NCC and the MSKCC models
were drawn using threshold averaging. The mean false-negative
rates (FNRs) of these 2 models were calculated for the 0.05, 0.1,
and 0.15 cutoff probabilities to identify the low-risk group in
which complete ALND might be avoidable.

One of the unique features of the MSKCC model is the
method-of-detection (immunohistochemistry, serial H&E, and
routine H&E) covariate, which can be regarded as a surrogate
marker for the size of the LN metastasis. This is a limitation of
the model, because the method of detection is not a standardized
norm and therefore differs from hospital to hospital. However,
the predictive accuracy of the MSKCC model can be improved
by substituting the LN size category variable (isolated tumor
cells, micrometastasis, and macrometastasis) for the method-
of-detection variable (12). The NCC model was compared with
this improved MSKCC model.

Statistical Analysis
All of the statistical analyses were performed using SPSS

software (version 18.0; SPSS Inc.) unless stated otherwise. The
Pearson x2 test was used to compare proportions. The independent-
samples t test was performed for comparisons between 2 means.
The survival analysis was done using Kaplan–Meier analysis (log-
rank test). A P value of less than 0.05 was considered statistically
significant.

TABLE 1
Patient Population

Characteristic

Main dataset

(n 5 301)

Auxiliary dataset

(n 5 200)

Age (y)

#50 196 (65) 125 (63)

.50 105 (35) 75 (37)

Type of surgery

Lumpectomy 255 (85) 182 (91)

Mastectomy 46 (15) 18 (9)

Pathologic type

Infiltrating ductal carcinoma 283 (94) 192 (97)

Infiltrating lobular carcinoma 3 (1) 5 (2)

Others* 15 (5) 3 (1)

Primary tumor size (mm)

#5 (pT1mic – pT1a) 13 (4) 26 (13)

6–10 (pT1b) 18 (6) 35 (17)

11–20 (pT1c) 106 (35) 71 (36)

21–50 (pT2) 158 (53) 62 (31)

.50 (pT3) 6 (2) 6 (3)

Histologic grade

I 12 (4) 28 (14)

II 173 (57) 73 (36)

III 116 (39) 99 (50)

No. of negative SLNs

0 112 (38) 10 (5)

1 95 (32) 55 (28)

2 60 (20) 76 (38)

3 21 (7) 41 (20)

4 4 (1) 14 (7)

5 4 (1) 3 (2)

6 3 (1) 0 (0)

7 1 (0) 0 (0)

8 1 (0) 1 (0)

No. of positive SLNs Not applicable

1 196 (65)

2 75 (25)

3 21 (7)

4 5 (2)

5 1 (0)

6 2 (1)

7 1 (0)

Size of LN metastasis (mm) Not applicable

#0.2 5 (2)

0.2–2 33 (11)

2–10 189 (63)

10–20 62 (21)

.20 12 (4)

Lymphovascular invasion

Present 10 (3) 132 (66)

Absent 291 (97) 68 (34)

Multifocality

Yes 31 (10) 25 (12)

No 270 (90) 175 (88)

Estrogen receptor status

Positive 244 (81) 139 (70)

Negative 57 (19) 61 (30)

Progesterone receptor status

Positive 239 (79) 156 (78)

Negative 62 (21) 44 (22)

HER2/neu status

Positive 39 (13) 25 (13)

Negative 191 (63) 95 (47)

Unknown† 71 (24) 80 (40)

*Others include malignant phyllodes tumor, papillary carci-

noma, medullary carcinoma, and mucinous carcinoma.
†Unknown means patients who showed 21/3 immunohisto-

chemical staining for HER2/neu but did not undergo fluorescence

in situ hybridization.

Data in parentheses are percentages.

TABLE 2
Visual Grading System for Pattern Classification of SLN

Grade Designation Definition

1 Focal No or minimal visualization of
lymphatic vessels. Focal LN

uptake well-visualized on both

anterior and lateral images.

2 Intermediate Well-visualized lymphatic vessels,

with activity significantly lower

than that of the axillary LNs.

3 Serpentine Well-visualized lymphatic vessels,

with activity comparable to that

of axillary LNs.

4 No uptake No or faint visualization of

axillary LNs or lymphatic vessels.
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RESULTS

Association Between Visual Grade of SLS and
Likelihood of NSLN Metastasis

Table 1 shows patient and tumor characteristics both in
the 301 SLN-positive patients (main dataset) and in the 200
SLN-negative patients (auxiliary dataset). The mean ages
(6SD) were 48.5 6 9.5 y in the SLN-positive patients and
49.6 6 10.6 y in the SLN-negative patients (P 5 0.183). In
the main dataset, 142 patients (47%) were positive for
NSLN metastasis.
Table 3 shows the number of patients and the incidence

of NSLN metastasis positivity for each visual grade of
SLS. The test for trend showed a significant increase in
the rate of NSLN metastasis as the visual grade increased
(P , 0.001).
The distribution of the visual grades in the 159 SLN-

positive–NSLN-negative patients was more similar to that
in the 200 SLN-negative patients than to that in the 142
SLN-positive–NSLN-positive patients (Table 4). This dis-
tribution is consistent with the SLS pattern acting as an
indicator of NSLN metastasis, because with this pattern
of SLS distribution the SLN-positive–NSLN-negative
patient group would be expected to cluster more closely
with the SLN-negative group than with the SLN-positive–
NSLN-positive group.
As an auxiliary analysis for demonstration of the

significance of SLS findings, we performed a survival

analysis of the 301 sentinel-positive patients. We excluded
6 patients because of the follow-up loss immediately after
the operation. Among the remaining 295 patients included
in the analysis, there were 2 (3%; SLS grade 1 [focal, n 5
73]), 5 (4%; SLS grade 2 [intermediate, n 5 126]), 5 (7%;
SLS grade 3 [serpentine, n 5 75]), and 0 (0%; SLS grade 4
[no uptake, n 5 21]) with tumor recurrence during the
follow-up period. Kaplan–Meier curves for recurrence-free
survival show a slight trend toward poorer survival in
patients with nonfocal grades (i.e., grades 2, 3, and 4) than
focal grade, although this trend is insufficient to show sta-
tistical significance (P 5 0.566) (Fig. 2).

Construction of Model for Predicting NSLN
Metastasis and Comparison of Model Performance

Table 5 shows the results of the multivariate logistic re-
gression analysis using all 11 of the initial covariates. After
covariates with high P values (P . 0.20) were excluded, 6
variables (sentinel lymphoscintigraphic pattern, number of
negative SLNs, number of positive SLNs, size of LN me-
tastasis, perinodal extension, and size of primary breast
tumor) were included in the construction of the final model
(Table 6). The Hosmer and Lemeshow test yielded a P
value of 0.879, indicating that the model was well-cali-
brated. Figure 3 shows the nomogram constructed to facil-
itate the application of the model.

Bootstrap resampling of the 301 SLN-positive patients
was performed for internal validation of the NCC model.
The mean AUC of the 1,000 bootstrap samples was 0.812
(95% confidence interval, 0.766–0.858).

The application of the MSKCC model to the same
bootstrap samples yielded a mean AUC of 0.728 (95%
confidence interval, 0.672–0.784). The mean AUC of the
NCC model was significantly larger than that of the MSKCC
model (P , 0.001). Mean ROC curves were drawn for
both models (Fig. 4). Table 7 lists the FNRs calculated for
both models for low predicted probabilities.

DISCUSSION

The most unique feature of the NCC model is its use of
SLS imaging findings to predict NSLN metastasis. To the
best of our knowledge, no model for predicting NSLN

FIGURE 1. Visual grading system for SLS

using 99mTc-HSA: grade 1 (focal) (A), grade

2 (intermediate) (B), grade 3 (serpentine) (C),

and grade 4 (no uptake) (D).

TABLE 3
Visual Grade of SLS and Likelihood of NSLN Metastasis

Visual

grade

All patients

(n 5 301)

Patients with positive

NSLN (n 5 142)

1, focal 76 19 (25)

2, intermediate 126 52 (41)

3, serpentine 77 54 (70)

4, no uptake 22 17 (77)
P value

Pearson x2 ,0.001

Test for trend ,0.001

Data in parentheses are percentages.
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metastasis has included a covariate other than histopathol-
ogic parameters. We found that the 99mTc-HSA SLS find-
ings can be graded according to the flow and retention
pattern and that this grading system has implications for
NSLN status.
Because SLS is a procedure for identifying SLNs rather

than for detecting SLN metastasis, there have been a limited
number of studies of SLS as a tool for assessing axillary LN
status. However, indirect effects of tumor infiltration can
manifest as SLS findings. A few previous studies reported
a correlation between decreased SLN uptake and increased
risk of axillary involvement (13–15). A reasonable expla-
nation for this phenomenon would be that the lymphatics
become progressively infiltrated with tumor cells, blocking

the passage of radiotracers (13). Despite this finding, SLS
generally possesses limited utility for assessing axillary in-
volvement because small metastases would scarcely affect
lymphatic flow and SLN uptake. In this study, we demon-
strated that SLS findings help discriminate between NSLN-
positive patients and NSLN-negative patients rather than
between axillary–LN-positive patients and axillary–LN-
negative patients. SLS findings in SLN-positive–NSLN-
negative patients were more similar to those in SLN-negative
patients than to those in SLN-positive–NSLN-positive patients
(Table 4).

This phenomenon could be explained in several ways.
One explanation would be that the upstream lymphatic
retention pattern arises as the axillary tumor burden
increases. The grading system (Table 2) reflects the degree
of impairment of lymphatic transport. As the grade
increases, the radioactivity of the upstream lymphatic ves-
sels increases while that of the SLNs decreases. This might
be because the lymphatic flow becomes more sluggish as
the tumor obstructs the lymphatic channel, increasing mean
transit time through upstream lymphatic vessels and de-
creasing tracer delivery to SLNs. A grade 1 (focal) SLS
pattern indicates fast lymphatic transport and good SLN
uptake, suggesting minimal hindrance of lymphatic flow
by infiltrating tumor cells in the SLNs (unless normal lym-
phatic drainage is disturbed by inadequate injection or
previous excisional biopsy (16)). On the other hand,
a grade 3 (serpentine) pattern suggests that lymphatic flow
is significantly hindered by LN metastasis. As the disease
progresses, the grade 3 pattern changes to a grade 4 (no
uptake), indicating complete blockage of the lymphatic
channels by tumor cells. A higher-grade pattern is thus re-
lated to a greater lymphatic tumor burden, and this may be
related to an increased likelihood of NSLN metastasis.

Another explanation would be related to the fact that
SLNs are defined by radiotracers. The theoretic definition

TABLE 4
Distributions of SLS Visual Grades in 3 Patient Groups with Different Axillary LN Statuses

No. of patients in each patient group

Visual grade SLN-negative SLN-positive–NSLN-negative SLN-positive–NSLN-positive P

1 63 (32*) 57 (36†) 19 (13‡) * vs. †: 0.486
† vs. ‡: , 0.001
* vs. ‡: , 0.001

2 98 (49*) 74 (47†) 52 (37‡) * vs. †: 0.643
† vs. ‡: 0.082
* vs. ‡: 0.023

3 23 (12*) 23 (18†) 54 (38‡) * vs. †: 0.404
† vs. ‡: , 0.001

* vs. ‡: , 0.001
4 16 (8*) 5 (3†) 17 (12‡) * vs. †: 0.052

† vs. ‡: 0.003

* vs. ‡: 0.220

Total 200 (100) 159 (100) 142 (100)

Data in parentheses are percentages.

FIGURE 2. Kaplan–Meier curves for recurrence-free survival by
SLS visual grades in 301 sentinel-positive patients.
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of an SLN is the axillary LN or LNs to which breast cancer
would first metastasize. However, this definition is not
practical. In clinical practice, the SLN is operationally
defined by radiocolloids or blue dyes. The operational
definition of an SLN is the LN or LNs that accumulate
radiotracers (or blue dyes) injected into the tumor basin. In
the early phase of LN metastasis in which the metastatic
tumor does not distort the lymphatic flow, these 2
definitions would generate the same result. However,
several studies have suggested that cancerous involvement
of the lymphatic system may influence the drainage pattern
(13,17,18), raising the possibility that the operationally de-
fined SLNs might change over time. An axillary LN that
harbors tumor emboli in the early phase of metastasis
would be an SLN both theoretically and operationally, but
as the tumor grows and impedes afferent lymphatic flow,
the radiotracer delivery to this LN decreases, and the LN

might show no tracer uptake in the later stages of the dis-
ease. If that were the case, the LN would be operationally
defined as an NSLN, despite the fact that it was initially an
SLN. The SLS pattern of upstream retention and decreased
LN uptake would imply some hindrance of lymphatic drain-
age. This hindrance could be associated with the presence of
a metastasis-positive NSLN that was initially an SLN.

TABLE 5
Results of Multivariate Logistic Regression Using All 11 Covariates

Variable P Odds ratio

Sentinel lymphoscintigraphic pattern ,0.001
Intermediate vs. focal 0.036 2.138 (1.051–4.348)
Serpentine vs. focal ,0.001 5.233 (2.378–11.516)

No uptake vs. focal 0.002 8.074 (2.165–30.114)

No. of positive SLNs 0.024 1.613 (1.065–2.444)

No. of negative SLNs 0.185 1.163 (0.930–1.455)
Size of LN metastasis 0.132

2–10 vs. #2 0.032 3.726 (1.118–12.413)

10–20 vs. #2 0.026 4.339 (1.187–15.855)

.20 vs. #2 0.032 5.523 (1.157–26.367)
Perinodal extension 0.013 2.302 (1.192–4.444)

Size of primary breast tumor 0.130 1.021 (0.994–1.049)

Patient age 0.561 1.009 (0.979–1.040)

Multifocality 0.458 0.705 (0.280–1.776)
Histologic grade 0.653 0.881 (0.509–1.527)

Lymphovascular space invasion 0.552 1.741 (0.280–10.836)

Estrogen receptor status 0.419 1.383 (0.629–3.038)

Data in parentheses are 95% confidence intervals.

TABLE 6
Final Multivariate Logistic Regression Model for Predicting

NSLN Metastasis

Variable Coefficient P

Sentinel lymphoscintigraphic pattern ,0.001
Intermediate vs. focal 0.793 0.025

Serpentine vs. focal 1.684 ,0.001

No uptake vs. focal 2.201 0.001

No. of positive SLNs 0.471 0.024
No. of negative SLNs 0.164 0.148

Size of LN metastasis (mm) 0.129

2–10 vs. #2 1.366 0.024

10–20 vs. #2 1.470 0.025
.20 vs. #2 1.624 0.038

Perinodal extension 0.872 0.008

Size of primary breast tumor 0.021 0.109
Intercept 25.337 ,0.001

FIGURE 3. NCC nomogram for predicting NSLN metastasis. Ver-

tical line is drawn for each of 6 variables (from row 2 to row 7), and
point at intersection of vertical line with row 1 is read. Six points

from 6 variables are summed, and sum point is located on total

points row. Second vertical line is drawn downward from total

points row to probability row. Probability at intersection is predicted
probability of NSLN metastasis using NCC model. LNSize 5 size of

LN metastasis (mm); NumNegSLN 5 number of negative SLNs;

NumPosSLN 5 number of positive SLNs; PerinodExt 5 perinodal
extension (0, absent; 1, present); PriTumorSize 5 primary tumor

size (mm); Probability 5 predicted probability of NSLN metastasis.
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When survival analysis was performed according to the
SLS findings, patients with focal grade showed a slight
trend toward better survival than did those with nonfocal
grades, although statistically not significant. Because of the
excellent prognosis of the patients included in the study
(only 12 recurrences of 295 cases), more patients or a longer
follow-up period may be required to derive statistically
valid conclusions.
A noteworthy point of the SLS procedure is that we used

99mTc-HSA, the particle size of which (2–3 nm) is among
the smallest of those of the radiocolloids available for clin-
ical practice. The biokinetics of radiocolloids depend
strongly on their particle sizes (19). Radiocolloids with
large particle sizes, such as 99mTc-tin colloid (50–600
nm) and 99mTc-sulfur colloid (100–400 nm), migrate
through the lymphatic channels much more slowly than
does 99mTc-HSA (20). Small or large particle size per se
is neither an advantage nor a disadvantage, because small
particle size may cause mapping beyond true SLNs while
large particle size may cause nonvisualization of SLNs if
the wait time is insufficient (16). However, the grading

system developed in this study is applicable primarily to
SLS using 99mTc-HSA because, in our experience, SLS
using radiocolloids with large particle sizes invariably
shows a focal uptake pattern on delayed images, invalidat-
ing the grading system. The median transit time of 99mTc-
HSA to SLN is 5 min. Therefore, in our hospital, the SLS
imaging protocol for 99mTc-HSA is the acquisition of an-
terior images for 5 min immediately after injection fol-
lowed by the acquisition of lateral images for another
5 min. Because of the rapid transport of the radiopharma-
ceutical, the flow through the lymphatic vessels was visu-
alized by SLS and could be used for grading.

Using this visual grading of the SLS pattern as a cova-
riate, we developed a model for predicting NSLN metas-
tasis and compared its performance with that of the
MSKCC model. Because this was a retrospective study,
we could not prepare a prospective group as an independent
dataset for the validation of the NCC model. Instead, we
performed an internal validation procedure using a bootstrap
method. The same bootstrap samples were used to
evaluate the performance of the MSKCC model for model
comparison. The bootstrap resampling method is reported
to produce stable and unbiased estimates of true model
performance in logistic regression analysis (21). The
mean AUC of the NCC model was 0.812, which was
significantly larger than the AUC of 0.728 (P , 0.001)
of the MSKCC model.

We modified the MSKCC model in 2 ways. As described
elsewhere (3,4,6,12), the method of detection variable of
the MSKCC model is a shortcoming that limits interhospi-
tal applicability. When applying the MSKCC model to our
patient dataset, we substituted the LN size category variable
for the method of detection. This substitution has been
reported to enhance the performance of the MSKCC model
(12). The other modification was the use of histologic grade
instead of nuclear grade. This substitution has been reported
not to affect model performance (11).

Calibration is a measure of how accurately the predicted
probabilities reflect the observed frequencies. The Hosmer
and Lemeshow test suggested that the NCC model is well
calibrated. FNR in the low-predicted-probability subgroup
is another important measure (10). The basic intent of the
model for predicting NSLN metastasis is to avoid complete

FIGURE 4. Mean ROC curves of NCC and MSKCC models from

1,000 bootstrap samples. MSK 5 Memorial Sloan-Kettering.

TABLE 7
FNRs in Patients with Low Predicted Probabilities of Metastasis-Positive NSLNs

Predicted Probability Model Patient proportion FNR

#0.05 NCC 3.2% (1.3%–5.0%) 0.0% (0.0%–0.0%)
MSKCC 0.0% (0.0%–0.0%) 0.0% (0.0%–0.0%)

#0.10 NCC 8.5% (5.3%–11.6%) 0.0% (0.0%–0.0%)

MSKCC 1.0% (0.0%–2.0%) 0.0% (0.0%–0.0%)
#0.15 NCC 15.8% (12.0%–19.6%) 2.3% (0.0%–4.5%)

MSKCC 5.2% (2.7%–7.6%) 2.3% (0.0%–4.6%)

Data in parentheses are 95% confidence intervals.
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ALND in SLN-positive patients with a low risk of addi-
tional NSLN metastasis. Therefore, the proportion of
patients classified as at low risk for NSLN metastasis and
the accuracy of the classification are important measures of
the model performance. For the predicted probability of
0.10 or less, 8% of patients were classified as low risk by
the NCC model. In contrast, 1% of patients were so clas-
sified by the MSKCC model (Table 7). The FNR was 0%
for both models. For the predicted probability of 0.15 or less,
the patient proportions of the NCC and the MSKCC models
were 15.8% and 5.2%, respectively. The FNRs of the NCC
and the MSKCC models were both 2.3%. This result is
somewhat different from that of a previous study in which
the patient proportion in the 0.10 or less probability group
predicted by the MSKCC model was up to 35.8% (10). This
difference may be because the proportion of patients included
in the low-predicted-probability subgroup is influenced by
the patient population and by the model characteristics.
There are a few limitations of this study. The size of LN

metastasis variable used in the NCC model does not
distinguish between SLN metastasis and NSLN metastasis.
Considering the purpose of the model (i.e., the prediction of
NSLN status), it would be appropriate for the size of LN
metastasis variable to mean the size of the SLN metastasis.
However, although the pathology reports for most patients
did not specify whether the reported size of LN metastasis
came from SLN or NSLN, the sizes of the SLNs were
reported in most cases. SLNs are the first LNs in which the
metastatic tumor starts to grow. Therefore, the largest LN
metastasis can be expected to be found in the SLN in most
cases. This consideration might mitigate the limitation.
Another limitation is that no independent dataset could

be provided for validation of the established model in this
retrospective study. The validity of the NCC model should
be externally tested on many independent datasets to obtain
sound proof of its accuracy.

CONCLUSION

SLS can aid in predicting NSLN metastasis in patients
with breast cancer. Our prediction model using lympho-
scintigraphic and histopathologic parameters performed
better than established prediction models. Our model might
be useful for planning surgical treatment of breast cancer.
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