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Ultrasound-Based Nomogram Identifies Breast Cancer Patients
Unlikely to Harbor Axillary Metastasis: Towards Selective
Omission of Sentinel Lymph Node Biopsy
Hanh-Tam Tran, MD, Daina Pack, MD, Charles Mylander, PhD, Laura Martino, BS, Martin Rosman, MD,
Lorraine Tafra, MD, and Rubie Sue Jackson, MD
The Rebecca Fortney Breast Center, Anne Arundel Medical Center, Annapolis, MD

ABSTRACT
Background. As tumor biology takes precedence over
anatomic staging to determine breast cancer (BC) prognosis, there is growing interest in limiting axillary surgery.
There is a need for tools to identify patients at the lowest
risk of harboring axillary lymph node (ALN) disease, to
determine when omission of sentinel lymph node biopsy
(SLNB) may be appropriate. We examined whether a
nomogram using preoperative axillary ultrasound (axUS)
findings, clinical tumor size, receptor status, and grade to
calculate the probability of nodal metastasis (PNM) has
value in surgical decision making.
Methods. This was a retrospective analysis of female
patients (February 2011–October 2014) with invasive BC
who underwent preoperative axUS and axillary surgery.
Cases with locally advanced BC, neoadjuvant treatment, or
bilateral BC were excluded. PNM was calculated for each
case. Using various PNM thresholds, the proportion of
cases with ALN metastasis on pathology was examined to
determine an optimal PNM cut-point to predict ALN
negativity.
Results. Of 357 included patients, 72% were node-negative on surgical staging, and 69 (19.6%) had a
PNM \ 9.3%. Of these 69 patients, 6 had ALN metastasis
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on surgical pathology, yielding a false negative rate (FNR)
of 8.7% for predicting negative ALN when a PNM
threshold of \ 9.3% was used.
Conclusion. A nomogram incorporating axUS findings
and tumor characteristics identified a sizeable subgroup
(19.6%) in whom ALN was predicted to be negative, with
an 8.7% FNR. Surgeons can use this nomogram to quantify
the probability of ALN metastasis and select patients who
may benefit from omitting SLNB.

Surgical axillary staging is the standard of care for
breast cancer (BC) management as it aids in establishing
prognosis and influences adjuvant treatment recommendations. Axillary surgery has evolved from the morbid
axillary lymph node dissection (ALND), associated with
lymphedema rates ranging from 8.4 to 21.4%,1 to sentinel
lymph node biopsy (SLNB) for patients without palpable
adenopathy. Still, SLNB carries morbidities: lymphedema
is reported in 2–6% of patients,1,2 and 9% experience longterm paresthesias.2
Many studies suggest that for patients with a low likelihood of having axillary nodal metastasis, it is unlikely
that omission of SLNB would directly impact survival or
lead to unacceptably high local recurrence rates. In the
National Surgical Adjuvant Breast and Bowel Project
(NSABP) B-04 trial,3 25-year outcomes revealed no survival decrement from omission of axillary staging (via
ALND) in clinically node-negative patients. This is despite
a 40% prevalence of nodal involvement seen in the radical
mastectomy (control) group. In the Cancer and Leukemia
Group B (CALGB) 93434 study of patients [ 70 years of
age with cT1N0M0 hormone receptor-positive BC treated
with partial mastectomy, subset analysis showed that the
omission of both radiation and axillary surgery was
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associated with an only 3% axillary recurrence rate. Similarly, in a trial of patients aged 65–80 years with
cT1N0M0 disease randomized to ALND versus no axillary
surgery, Martelli et al.5 found no survival difference
between the groups, and a 5-year axillary recurrence rate of
only 1.8% in the no ALND group. This low axillary
recurrence rate was observed despite a 23% prevalence of
nodal involvement in the ALND group.
Based on these findings, the Choosing Wisely6 campaign recommends against the routine use of SLNB in
women [ 70 years of age with hormone receptor-positive
invasive BC. In a healthy septuagenarian, surgeons would
be more comfortable omitting SLNB if the risk of positive
SLN could be determined to be very low; however, surgeons do not currently have the tools to identify patients’
risk of nodal metastasis.
We undertook a study to determine whether a nomogram incorporating axillary ultrasound (axUS) features and
tumor characteristics could be useful to identify patients
with \ 10% risk of positive SLNB. In 2016, researchers at
the Shantou University Medical College in China reported
an ultrasound-based nomogram, herein referred to as the
Shantou nomogram, to predict the probability of nodal
metastasis (PNM) in the axilla.7 Unlike other nomograms
that use only surgical pathology data, the Shantou nomogram also incorporates preoperative axUS characteristics
and core biopsy results (Table 1) to predict the PNM.
However, it was unknown whether this nomogram could be
used in our North American patient population to determine a subgroup with \ 10% likelihood of positive SLNB.
The objective of the present study was to determine if a
nomogram incorporating axUS features and tumor characteristics could be used in a North American patient
population to identify a subset with \ 10% risk of ALN
metastasis, with a goal of guiding surgeons in deciding
whether SLNB may be omitted. This is the first independent analysis of the Shantou nomogram, and the first study
to examine whether this tool can be used in a

TABLE 1 Factors included in the Shantou nomogram
Clinical tumor size (cm)
ER categorya
Grade
Sonographic ALN cortical thickness (mm)
Sonographic ALN longest axis (cm)
Sonographic ALN hilum (present/absent)
ER estrogen receptor, ALN axillary lymph node
a

ER categories defined as negative (ER \ 10%); 1? (10–25%);
2? (26–75%); and 3? ([ 75%)
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heterogeneous patient population characteristic of North
American cancer centers to identify a subset of patients
with \ 10% risk of ALN metastasis.
METHODS
This retrospective analysis of newly diagnosed female
BC patients treated at the Rebecca Fortney Breast Center
(RFBC) at Anne Arundel Medical Center was approved by
the Institutional Review Board. Cases from February 2011
through October 2014 were selected. All patients with
invasive BC who had a preoperative axUS and underwent
SLNB and/or ALND were included in the study. Patients
were excluded if they had locally advanced BC, neoadjuvant treatment, bilateral BC, previous ipsilateral axillary
surgery, or if no lymph node was seen on axUS. These
criteria were similar to those used to develop the nomogram.7 Locally advanced disease was defined as N2-3
disease on physical examination. At the RFBC, patients
with newly diagnosed or suspected BC routinely undergo
axUS as part of their preoperative work-up, regardless of
the clinical axillary examination. If one or more suspicious
lymph nodes are identified on preoperative axUS, an
ultrasound-guided core biopsy of the node is recommended
prior to surgery. A sonographically suspicious lymph node
is defined by diffuse or focal cortical thickening [ 3 mm,
focal cortical nodule, or loss of fatty hilum.
Data Collection
Patient data, including ethnicity, age at diagnosis, Nottingham grade, estrogen receptor (ER) status, progesterone
receptor (PR) status, human epidermal growth factor
receptor 2 (HER2), and clinical tumor size were collected
from the electronic medical record. Information for histologic grade and ER, PR, and HER2 status were obtained
from the core biopsy specimen. The clinical tumor size was
taken from the surgeon’s estimate of tumor size, based on
imaging available at the time of initial consultation (typically mammogram and ultrasound) and physical
examination findings. For multifocal tumors, the size of the
largest tumor was recorded. Staging was performed
according to the tumor, node, metastasis (TNM) 7th edition
American Joint Committee on Cancer (AJCC) classification system. We categorized ER, PR, and HER2 according
to staining percentage, using categories defined by Qiu
et al.7
Sonographic ALN measurements were collected retrospectively from static images captured at the time of
diagnostic imaging. Ultrasound examinations were performed by trained radiology technicians and radiologists
using GE Logic 9 and Acuson S2000 ultrasound units.
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When multiple lymph nodes were visualized, the suspicious LN targeted for core biopsy was used to obtain LN
measurements. If LN core biopsy was not performed, the
most suspicious LN was chosen for measurement collection. Nodes with loss of fatty hilum were considered most
suspicious, followed by those with thickened cortex. If no
suspicious feature was observed, then the lymph node with
the longest axis was chosen for measurement. Hilum
presence or absence was considered as a binary variable; if
any hilum was visible, it was recorded as present. The LN
features were collected by the breast surgical oncology
fellow (HT), after being trained by a breast radiologist (DP)
and a breast surgeon (RJ). Any uncertain cases were
reviewed with the breast radiologist (DP).
Statistical Analysis
Shantou nomogram predictions were calculated using
the formula published by Qiu et al.7 The implementation
was verified by comparing the PNM computed for the
study with the Evidencio website’s implementation of the
Shantou nomogram (https://app.evidencio.com/models/sho
w/170).7 The JMP 9.0.2 statistical package (SAS Institute,
Cary, NC, USA) was used to compute descriptive statistics
for the clinicopathological characteristics and the receiver
operating characteristic (ROC) curve for the risk predictions. Various PNM cut-offs were selected, and, for each
cut-off, the sensitivity, specificity, and false negative rate
(FNR) for predicting ALN metastasis were calculated. The
FNR at each threshold was calculated as follows:
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79.6% Caucasians, 14.3% African Americans, 0.8%
Asians, and 5.3% in which ethnicity was not reported.
When compared with the Shantou cohort, the RBFC cohort
had more favorable tumor biology, smaller tumor size, and
older age at presentation. The Shantou cohort had more
axUS abnormalities, including a larger median LN cortical
thickness (4.0 mm vs. 2.2 mm) and a lower proportion of
patients with present LN hilum (60.9% vs. 96.4%), compared with the RFBC group. The proportion of patients
with ALN metastasis on resected specimen was greater in
the Shantou cohort compared with the RBFC cohort
(50.6% vs. 28.0%). In general, the Dutch and RBFC
cohorts had similar tumor biology but differed in ethnicity.
When applied to the RBFC cohort, the Shantou nomogram had fair discrimination, with an area under the ROC
curve (AUC) of 0.70 (95% confidence interval 0.64–0.76).
Sensitivity, specificity, and FNR using various PNM
thresholds are displayed in Table 3. No case with
PNM \ 4.6% had ALN metastasis on surgical pathology.
The subgroup with PNM \ 9.3% comprised 19.6% of the
study cohort (n = 69), and, in this subgroup, only six
patients had ALN metastasis on surgical pathology. Thus,
when using a PNM of \ 9.3% to predict negative ALN, the
FNR was 8.7% (6/69). The characteristics of these six
patients with false negative PNM prediction are summarized in Table 4. All had small, low-grade, hormone
receptor-positive tumors and non-suspicious axUS features.

Number of cases with PNM below threshold with positive ALN metastasis on final pathology
Total number of cases with PNM below threshold

Specifically, we sought to identify a PNM threshold that
would yield an FNR of approximately 8.4%, as this is the
acceptable FNR for SLNB according to American Society
of Clinical Oncology guidelines.8 Sensitivity and specificity were calculated similarly, using standard definitions,
for each PNM threshold.
RESULTS
There were 947 patients with newly diagnosed invasive
BC in the axUS database. Of these, 357 patients met the
criteria as described above (Fig. 1). A comparison of
clinicopathological characteristics between the Shantou
modeling cohort,7 the Dutch study9 population (used in a
previous validation study), and the RFBC study population
is provided in Table 2. The RBFC cohort consisted of

DISCUSSION
As tumor biology has taken precedence over anatomic
staging for determining BC prognosis and need for adjuvant
therapy, there has been growing interest in limiting the extent
and morbidity of BC surgery. Increasingly, there is interest in
omitting even SLNB in patients at low risk of harboring
nodal metastasis,3–5,10–12 but limited information is available
to define which patients are at lowest risk of occult nodal
metastasis. In this study, we demonstrated that a preoperative
ultrasound-based nomogram can accurately identify patients
with \ 10% likelihood of harboring ALN metastasis. We
believe that this nomogram is a useful tool for surgeons as
they seek to select appropriate patients for SLNB omission.
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FIG. 1 Consort diagram. BC
breast cancer, US ultrasound,
SLNB sentinel lymph node
biopsy, ALND axillary lymph
node dissection, LN lymph node

H. T. Tran et al.

947 invasive BC
patients

Excluded locally advanced BC, neoadjuvant treatment, bilateral
BC, previous history of ipsilateral axillary surgery

719 patients

Excluded patients no records of axillary US or no SLNB or ALND

388 patients
Excluded patients with no LN seen on axillary US or no image
for review

358 patients

Excluded patients with no recorded pre-operative tumor size

357 patients

The Shantou nomogram was published in 2016 and
showed good discrimination to predict the likelihood of
ALN metastasis.7 However, it was unknown whether this
nomogram would be useful in our ethnically heterogeneous
patient population, characteristic of many North American
community cancer centers, specifically for the use of
identifying a subgroup of patients with \ 10% likelihood
of ALN metastasis. First, the Chinese population in which
the nomogram was developed was presumably more ethnically homogeneous and not representative of our patient
population. Additionally, the development cohort had more
advanced disease than is characteristic of our patients.
Furthermore, the nomogram has never been independently
validated. Although a validation study was conducted in a
Dutch population,9 the first author of both studies was the
same. Independent validation was particularly important in
this case, since ultrasound is a highly user-dependent
modality. For all of these reasons, independent analysis of
the nomogram was critical, both for overall validation and
to determine whether the nomogram could be used in a
typical North American community cancer center for the
use we were interested in—identifying patients with a very
low likelihood of ALN metastasis. In our cohort, the
Shantou nomogram had fair predictive ability, but,
impressively, was able to identify nearly 20% of our

patients who had a \ 9.3% risk of ALN metastasis with an
FNR of 8.7%. This use of the nomogram has not been
previously demonstrated.
In current practice, nomograms that predict ALN
metastasis based on tumor characteristics have largely
fallen out of favor, being replaced by imaging, either axUS
or MRI, to assess the axilla preoperatively. However,
imaging alone underestimates nodal disease, compared
with the nomogram presented here. Previous studies have
shown that a negative axUS alone has a 16–29%13–17 FNR
of predicting negative ALN. When a nomogram cut-off
of \ 9.3% was used to predict negative ALN, the FNR was
8.7%—substantially lower than shown with axUS alone.
This FNR is similar to the average FNR of 8.4% that
several studies8,18 have used as an acceptable FNR to
accept SLNB for clinical situations in which ALND was
previously the standard of care.
In our cohort, six patients had a false negative nomogram prediction, when a predicted likelihood of \ 9.3%
was used as the test cut-off. Each of these six patients had
favorable tumor biology and early-stage disease (Table 4).
Despite having a positive lymph node, current National
Comprehensive Cancer Network guidelines would allow
for multigene assay testing to determine the benefit of
chemotherapy in these six node-positive patients.

Ultrasound-based nomogram predicts N0 axilla
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TABLE 2 Comparison between the Shantou, Dutch, and Rebecca Fortney Breast Center study patients by clinicopathological characteristics
Characteristic

Shantou cohort
(n = 322)

Dutch cohorta
(n = 1416)

RFBC cohort
(n = 357)

Ethnicityb
Caucasian

284 (79.6)

African American

51 (14.3)

Asian

3 (0.8)

Not available

19 (5.3)

Age at diagnosis, years
Median (IQR)

50 (43–57)

B 35

25 (7.8)

[ 35

297 (92.3)

61 (52–69)

348 (97.5)

[ 50
Clinical tumor size, mm
Median (IQR)

64 (53–71)
9 (2.5)
290 (81.2)

30 (23–40)

15 (10–22)

15 (10–22)

Clinical tumor stage
T1

74 (23.0)

1018 (71.9)

250 (70.0)

T2

223 (69.3)

395 (27.9)

97 (27.2)

T3

22 (6.8)

3 (0.2)

10 (2.8)

I

49 (15.2)

375 (26.5)

102 (28.6)

II

104 (32.3)

676 (47.7)

157 (44.0)

III

154 (47.8)

365 (25.8)

98 (27.5)

Unknown

15 (4.7)

Histological grade

Histological type
Ductal

294 (91.3)

280 (78.4)

Lobular

10 (3.1)

62 (17.4)

Other

18 (5.6)

15 (4.2)

ERa
Negative (\ 10%)

119 (37.0)

229 (16.2)

1? (10–25%)

22 (6.8)

25 (1.8)

51 (14.3)
13 (3.6)

2? (26–75%)

57 (17.7)

81 (5.7)

14 (3.9)

3? ([ 75%)

124 (38.5)

1081 (76.3)

279 (78.2)

PRa
Negative (\ 10%)

132 (41.0)

388 (27.4)

123 (34.5)

1? (10–25%)

38 (11.8)

105 (7.4)

11 (3.1)

2? (26–75%)

63 (19.6)

242 (17.1)

37 (10.4)

3? ([ 75%)

89 (27.6)

681 (48.1)

186 (52.1)

Negative

223 (69.3)

1242 (87.7)

315 (88.2)

Positive

99 (30.7)

162 (11.4)

39 (10.9)

12 (0.8)c

3 (0.8)

HER2

Equivocal
Ki-67
B 14
[ 14
Unknown

51 (15.9)
268 (83.2)

131 (36.7)
216 (60.5)

3 (0.9)

10 (2.8)

Sonographic lymph node longest diameter, cm
Median (IQR)

1.3 (1.0–1.7)

1.3 (1.0–1.7)

1.6 (1.1–2.2)

4 (3–6)

1.9 (1.3–2.8)

2.2 (1.5–3.3)

Sonographic lymph node cortical thickness,
mm
Median (IQR)
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TABLE 2 continued
Shantou cohort
(n = 322)

Dutch cohorta
(n = 1416)

RFBC cohort
(n = 357)

Yes

196 (60.9)

1303 (92.0)

344 (96.4)

No

126 (39.1)

113 (8.0)

13 (3.6)

Characteristic

Sonographic presence of lymph node hilum

Lymph node metastases, by pathology
Yes

163 (50.6)

354 (25.0)

100 (28.0)

No

159 (49.4)

1062 (75.0)

257 (72.0)

Data are expressed as n (%) unless otherwise specified
RBFC Rebecca Fortney Breast Center, IQR interquartile range, ER estrogen receptor, PR progesterone receptor, IQR interquartile range, HER2
human epidermal growth factor receptor
a

The ER and PR categories for the Dutch cohort are defined as negative (\ 10%); 1+ (10–29%); 2+ (30–79%); and 3+ (  80%)

b

Ethnicity was not provided in the Shantou and Dutch cohorts

c

There were 12 cases where HER2 status was unknown

TABLE 3 Performance of the Shantou nomogram in identifying a group of patients in our cohort with negative nodes
Threshold on
PNM, %

No. of patients below
the threshold (%)

No. of patients below the threshold
with ALN metastasis

Sensitivity,
%a

\4.6

22 (6.2)

0

100.0

8.6

0.0

\5.3

31 (8.7)

1

99.0

11.7

3.2

\9.3

69 (19.6)

6

94.0

24.5

8.7

\10

73 (20.4)

8

92.0

25.3

11.0

\20

152 (42.6)

30

70.0

47.5

19.7

\30

224 (62.7)

48

52.0

68.5

21.4

\40

268 (75.1)

57

43.0

82.1

21.3

Specificity,
%b

Percentage with pathological
ALN metastasis (FNR)

Results for various PNM thresholds are displayed, showing how test characteristics varied based on the PNM threshold used. In our cohort of 357
patients, 100 (28%) had nodal metastasis
PNM probability of nodal metastasis, ALN axillary lymph node, FNR false negative rate
a

Sensitivity (%) = 100 * {number of cases with a positive node at or above the PNM threshold}/{total number of cases with a positive node in
our cohort}
b
Specificity (%) = 100 * {number of cases with a negative node below the PNM threshold}/{total number of cases with negative nodes in our
cohort}

Additionally, in the CALGB 9343 study,4 patients in whom
both axillary surgery and axillary radiation were omitted
experienced only a 3% rate of axillary recurrence in
15-years of follow up. This suggests that if the nomogram
was used to select patients for SLNB omission, the axillary
recurrence rate due to missed opportunity for axillary
radiation would be very low. Therefore, in patients with a
very low likelihood of having ALN metastasis on the
Shantou nomogram, performing a SLNB would likely not
substantially affect local recurrence or overall survival.

The primary limitation of this study was its retrospective
nature. At the RFBC, patients with suspicious breast
imaging who undergo breast ultrasound also routinely
undergo axUS. Although an image of any lymph node
deemed suspicious is generally captured, the practice of
image capture is not standardized. This is most likely to
affect the measurement of the longest LN axis, as, in our
practice, LN length is usually not considered in interpreting
axUS since this feature has not been consistently associated
with nodal positivity. Fortunately, the other axUS features
used in the nomogram (cortical thickness, status of the

2.0

1.0

74

65
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ALN axillary lymph node, PNM probability of nodal metastasis, ER estrogen receptor, PR progesterone receptor, IDC invasive ductal carcinoma, HER2 human epidermal growth factor
receptor, Y yes, N no, Neg negative

5

7, 9
7.56

8.06
1

9
2

1
Y

Y
1.7

1.9
2.3

1.4
3

0
Tubular

Neg
1

77

99

97

I

I

IDC

Neg

0.1, 0.5
7.33
3
2
Y
1.5
2.2
10
86
95
1.6
68

IDC

I

Neg

3
2.1, 3.5

6
4.66

5.31
5.92
4
2

6
1

1
2
Y
Y

Y
1.1

1.3
1.3
1.5
1.1

2.1
12

7
11
Neg
Neg
99
100
I
I

Neg
91
97

100
97

I

1.5
2.3
68
51

IDC
1.0
63

IDC
IDC

ALN hilum
present (Y/N)
ALN
longest
axis, cm
ALN cortical
thickness, mm
Ki67,
%
HER2
PR,
%
ER,
%
Grade
Tumor
type
Tumor size by
imaging, cm
Age,
years

TABLE 4 Tumor biology and axillary ultrasound characteristics of six patients with ALN metastasis with PNM \ 9.3%

No. of
positive
ALNs

Total no. of
ALNs accessed

PNM,
%

Pathologic size of
ALN involvement,
mm
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hilum) are very likely to be captured in the recorded static
images, since, in our practice, we do consider these morphologic features in determining if a lymph node is
suspicious.
For patients with apparent early-stage BC, SLNB results
often do not influence treatment recommendations. This
can happen because the SLNB is negative or because
similar care (e.g. genomic assay to determine adjuvant
treatment) is offered regardless of a positive SLN result. In
fact, a negative SLNB could be considered a non-therapeutic operation, since the finding of a negative SLN does
not add to treatment options for a patient. Although SLNB
for early-stage BC is the standard of care today, it is
important that surgeons move the field forward, by looking
for safe ways to eliminate non-therapeutic procedures.
Currently, ongoing randomized controlled clinical trials are
evaluating the impact of omission of SLNB in patients with
early-stage BC. The SOUND trial,19 which has completed
enrollment, randomized patients with cT1N0 BC and a
negative axUS to SLNB versus no SLNB, with a primary
endpoint of distant disease-free survival. The INSEMA
trial20 is a non-inferiority study that is randomizing patients
with cT1-2N0 disease to either SLNB versus no SLNB,
with a primary endpoint of invasive disease-free survival
after breast-conserving surgery. While awaiting the results
of these trials, SLNB for patients with early-stage BC will
remain the standard of care. However, for select patients,
especially older patients or patients at high risk for lymphedema (e.g. obese patients), surgeons should initiate
multidisciplinary discussions about the risk–benefit ratio of
SLNB. We found that the preoperative ultrasound-based
Shantou nomogram is a useful tool to inform such discussions. For patients with a nomogram value of predicted
risk \ 9.3%, it is unlikely that omission of SLNB would
meaningfully affect survival. For such patients, if
chemotherapy is not an option, or if multigene assay will
be considered even in the setting of a positive SLNB,
serious consideration should be given to omission of SLNB
after appropriate patient counseling.
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