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Robust and validated models to predict high risk of non-sentinel node
metastases in breast cancer patients with micrometastases or isolated
tumor cells in the sentinel node
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Abstract

Background. Benefit from axillary lymph node dissection in sentinel node positive breast cancer patients is under debate.
Based on data from 1820 Danish breast cancer patients operated in 2002-2008, we have developed two models to predict
high risk of non-sentinel node metastases when micrometastases or isolated tumor cells are found in sentinel node. The
aim of this study was to validate these models in an independent Danish dataset. Material and methods. We included 720
breast cancer patients with micrometastases and 180 with isolated tumor cells in sentinel node operated in 2009-2010
from the Danish Breast Cancer Cooperative Group database. Accuracy of the models was tested in this cohort by calculat-
ing area under the receiver operating characteristic curve (AUC) as well as sensitivity and specificity. Results. AUC for the
model for patients with micrometastases was comparable to AUC in the original cohort: 0.63 and 0.64, respectively. The
sensitivity and specificity for predicting risk of non-sentinel node metastases over 30% was 0.36 and 0.81, respectively, in
the validation cohort. AUC for the model for patients with isolated tumor cells decreased from 0.73 in the original cohort
to 0.60 in the validation cohort. When dividing patients with isolated tumor cells into high and low risk of non-sentinel
node metastases according to number of risk factors present, 37% in the high-risk group had non-sentinel node metastases.
Specificity and sensitivity was 0.48 and 0.88, respectively, in the validation cohort when using this cut-point. Conclusion.
In this independent dataset, the model for patients with micrometastases was robust with accuracy similar to the original
cohort, while the model for patients with isolated tumor cells was less accurate. The models may be used to identify patients
where axillary lymph node dissection should still be considered.

Today, sentinel lymph node dissection (SLND) has
replaced axillary lymph node dissection (ALND)
as standard procedure for staging of the axilla in
clinically node negative breast cancer. SLND can
accurately stage the axilla by removing on average
only two lymph nodes. In case of metastatic spread
to sentinel nodes an ALND is still recommended.
Removing fewer nodes has made more extensive
histopathological examinations of the lymph nodes
possible and as a consequence more metastases are
found, especially more micrometastases and isolated
tumor cells (ITC) [1]. The overall benefit from
ALND in patients with minor spread to axillary
lymph nodes is now under debate [2]. Cohort stud-
ies have not been able to show an increased risk of
axillary recurrence if ALND is omitted in patients

with micrometastases or I'TC in the sentinel node
[3,4]. Furthermore, the newly published randomized
IBCSG 23-01 trial could not show a difference in
disease-free survival after five years of follow-up,
between patients with sentinel node micrometasta-
ses, with and without ALND [5]. This has, together
with the results from the randomized trial from
American College of Surgeons Oncology Group
(ACOSOC) (Z0011), where no difference was found
in axillary recurrence rate or survival between senti-
nel node positive patients with or without ALND
[6,7], started a trend towards omitting ALND in
breast cancer patients with minimal metastatic dis-
ease in the sentinel node. However, a minor risk of
axillary recurrence still exists if ALND is completely
omitted in patients with micrometastases or I'TC in
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the sentinel node [8]. To assure a safe omission of
ALND a tool is needed to identify patients where
ALND may still be offered in the future due to a high
risk of recurrence. The presence of non-sentinel node
metastases can be considered as a surrogate endpoint
for axillary recurrence. Several models for predicting
the risk of non-sentinel node metastases in patients
with positive sentinel nodes have been developed
[9,10], but only three of these models have been
developed in a population of patients with microme-
tastases or I'TC in the sentinel node [11,12]. More-
over, the existing models have been directed towards
identifying patients with a low risk of non-sentinel
node metastases. To identify patients with a poten-
tially high risk of relapse, a model predicting patients
with high risk of non-sentinel node metastases is
needed.

We have previously developed two models for
predicting patients with high risk of non-sentinel
node metastases when only micrometastases or I'TC
are found in the sentinel node, based on a large
population-based data material [13].

The aim of this study was to validate these mod-
els in a large independent group of Danish breast
cancer patients with micrometastases or I'TC in the
sentinel node.

Material and methods

In Denmark, all SLND are performed according to
national guidelines described by the Danish Breast
Cancer Cooperative Group (DBCG). A combination
of radioactive tracer and blue dye is recommended,
while lymphoscintigraphy is not used as a routine [14].
All removed sentinel nodes are examined with at least
two step sections 500 um apart of the bivalved sen-
tinel node. If no metastases are found by hematoxylin-
eosin staining, immunohistochemical cytokeratin
staining is performed. Lymph nodes removed by
ALND are examined by bisectioning and hematoxylin-
eosin staining. Since 2005, metastases have in Denmark
been classified according to the 6th American Joint
Committee on Cancer (AJCC) staging manual [15]
in combination with cell count, where metastases
between 0.2 and 2 mm or between 10 and 100 tumor
cells are defined as micrometastases, and single cells
or cell clusters less than 0.2 mm or less than 10 cells
are defined as ITC [14].

Clinical and histopathological data on Danish
women with breast cancer are prospectively collected
and registered on standardized forms in a national
database managed by the DBCG [16]. Based on
data from this database we have developed two
models to predict non-sentinel node metastases in
breast cancer patients with micrometastases or I'TC
in the sentinel node. The models were based on
299 patients with ITC and 1521 patients with

micrometastases in the sentinel node, operated in
20022008 with SLND and a completion ALND
(original cohort) [13].

In patients with I'TC, from this original cohort,
the risk of non-sentinel node metastases was signifi-
cantly associated with younger age at diagnosis,
increasing tumor size and increasing proportion of
positive sentinel nodes in a multivariate analysis.

In patients with micrometastases, from the orig-
inal cohort, the risk of non-sentinel node metastases
was significantly associated with increasing tumor
size, lymphovascular invasion, negative hormone
receptor status, location of tumor in the upper lat-
eral quadrant of the breast and increasing propor-
tion of positive sentinel nodes in a multivariate
analysis. Based on these five risk factors a logistic
regression model for predicting non-sentinel node
metastases was developed for patients with micro-
metastases:

Logit(p) = —2.5822 +0.1945%X 1 +0.5516*1 ;
03857 Ly, +0.5395 1y
+0.5257 lproportionloo%

[where X1=1,2,3,4,5,6 (tumor size=10, 11-20,
21-30,31-40,41-50,51 + mm )]

A significant interaction between tumor size and
lymphovascular invasion was found in the original
cohort, with lymphovascular invasion being a stron-
ger risk factor in larger tumors. However, this
interaction did not change the accuracy of the model
substantially and was subsequently not included in
the model for validation analysis.

In 2009 and 2010, a total number of 1072
breast cancer patients were registered in the DBCG
database, with micrometastases or ITC in the sen-
tinel node. A total of 147 patients did not have an
ALND and five patients had less than seven lymph
nodes removed by ALND. These 152 patients were
excluded. The remaining 920 patients were eligible
for the validation study. From the database we
retrieved information on age at diagnosis, tumor
size, hormone receptor status, number of removed
sentinel nodes, number of positive sentinel nodes,
lymphovascular invasion, location of tumor in the
breast and presence of non-sentinel node metasta-
ses. Location of tumor in the breast was divided
into location in upper lateral quadrant versus
located in other quadrants, centrally or on the edge
of the upper lateral quadrant. Data were validated,
and missing information collected if possible,
using the original pathology files. Nineteen patients
with micrometastases and one with ITC in the
sentinel node were excluded from validation analy-
sis due to missing information on variables. The
remaining 900 patients constituted the validation
cohort.
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found in the sentinel node. In the validation cohort

Statistical analyses .. .
associations between presence of non-sentinel node

The multivariate models of the original cohort were metastases and the risk factors listed in Table I were
examined to evaluate risk factors for non-sentinel analyzed by %2 test and Fischer’s exact test, excluding
node metastases when I'TC or micrometastases were unknowns, for patients with ITC and patients with

Table I. Patient, tumor and sentinel node characteristics according to risk of NSN metastases in 181
Danish breast cancer patients with ITC and 739 patients with micrometastases in the SN operated
between 2009 and 2010.

Isolated tumor cells Micrometastases
NSN metastases NSN metastases
Variables No Yes % p-value No Yes % p-value
Total 158 23 12.7 614 125 16.9
Age, years 0.49 0.53
<40 3 0 0 23 1 4.2
40-49 19 5 20.8 88 19 17.8
50-59 58 8 12.1 200 44 18.0
60-69 66 7 9.6 232 48 17.1
=70 12 3 20.0 71 13 15.5
Tumor size, cm 0.32 0.0005
=1 32 2 5.9 126 9 6.7
>1-=2 72 9 11.1 315 64 16.9
>2-=3 36 8 18.2 130 38 22.6
>3 17 4 19.0 43 14 25.0
Unknown 1 0 0
WHO type 0.86 0.63
Ductal 93 15 13.9 527 109 17.1
Lobular 48 6 11.1 52 8 13.3
Other 16 2 11.1 31 8 20.5
Unknown 1 0 0 4 0 0
Grade 0.04 0.01
Grade 1 38 6 13.6 207 27 11.5
Grade II 73 7 8.8 236 64 21.3
Grade IIT 21 8 27.6 94 22 19.0
Unknown/other 26 2 7.1 77 12 13.5
LVI 0.63 0.0007
Present 9 2 18.2 68 28 29.2
Absent 148 21 12.4 537 96 15.2
Unknown 1 0 0 9 1 10.0
Hormone receptor status 0.47 0.68
Positive 138 22 13.8 556 111 16.6
Negative 18 1 5.3 57 13 18.6
Unknown 2 0 0 1 1 50.0
HER?2 status 0.51 0.13
Positive 19 4 17.4 68 19 21.8
Negative 127 18 12.4 511 93 15.4
Unknown 12 1 7.7 35 13 27.1
Location of tumor in breast 0.77 0.03
Upper lateral 83 13 13.5 337 81 19.4
Not upper lateral 73 10 12.0 273 42 13.3
Unknown 2 0 0 4 2 33.3
No. removed SN 0.36 0.20
1 48 11 18.6 212 54 20.3
2 64 6 8.6 224 32 12.5
3 22 4 15.4 110 24 17.9
4 18 1 5.3 48 10 17.2
5 6 1 14.3 20 5 20.0
Positive SN/Removed SN 0.22 0.33
100% 58 13 18.3 248 58 19.0
>33% , <100% 70 6 7.9 220 34 13.4
>25; =33 16 3 15.8 89 20 18.3
=25% 14 1 6.7 57 13 18.6

ITC, isolated tumor cells; LVI, lymphovascular invasion; NSN, non-sentinel nodes; SN, sentinel node.
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Table II. Multivariate analyses of patients and tumor characteristics according to non-sentinel node metastases in Danish breast cancer
patients with ITCs or micrometastases in the sentinel node.

Original cohort Validation cohort

2002-2008 2009-2010
Isolated tumor cells
n=299 n=180
OR 95% CI p-value OR 95% CI p-value
Tumor size, >2 vs. =2 cm 4.21 1.74-10.2 0.001 2.04 0.84-4.96 0.12
Age at diagnosis, <40 vs. =40 years 3.57 1.11-11.4 0.03 - - -
Proportion of pos SN, 100% vs. <100% 2.90 1.27-6.60 0.01 2.12 0.87-5.17 0.10
Micrometastases

n=1521 n=720
Tumor size, cm, Trend 1.22 1.06-1.39 0.005 1.34 1.12-1.60 0.002
Proportion of pos SN, 100% vs. <100% 1.69 1.29-2.21 0.0001 1.32 0.88-1.97 0.18
Lymphovascular invasion 1.74 1.18-2.55 0.005 2.26 1.37-3.74 0.001
HR status, neg vs. pos 1.47 1.00-2.16 0.049 1.06 0.55-2.03 0.86
Location of tumor in upper lateral quadrant 1.72 1.30-2.26 0.0003 1.47 0.97-2.23 0.07

CI, confidence interval; HR, hormone receptor; neg, negative; OR, odds ratio; pos, positive; SN, sentinel node.

micrometastases, respectively, in the sentinel node.
Multivariate logistic regression models were applied
to examine the influence of age at diagnosis, tumor
size, as well as the proportion of positive sentinel
nodes among removed sentinel nodes, and for
patients with micrometastasis in the sentinel node
also lymphovascular invasion, hormone receptor sta-
tus and location of tumor in the breast, on the risk
of non-sentinel node metastases. Adjusted odds ratio
(OR) and 95% confidence intervals (CI) were calcu-
lated and the Wald test was used to test the signifi-
cance of each variable. Discrimination of the models
was assessed by area under the receiver operating
characteristic curve (AUC) for both the original and
the validation cohort. For ITC number of risk factors
was used to define a cut-point. A score was assigned
to each patient with micrometastases by adding the
relevant B-coefficients from the multivariate logistic
regression model of the original cohort. A cut-off
value separating patients with more than 30%
observed risk of non-sentinel node metastases in
the original cohort was applied to both cohorts.
Sensitivity and specificity were determined for these
thresholds. SAS version 9.2 (SAS Institute, Cary,
NC, USA) was used for all statistical analyses.

The study was approved by the Danish Data
Protection Agency (J.nr. 2009-41-3703).

Results

Of the 920 eligible patients in the validation cohort
739 had micrometastases and 181 had ITC in the
sentinel node. Patient, tumor and sentinel node
characteristics of patients in the validation cohort

are shown in Table I. Characteristics of patients in
the original cohort have been reported elsewhere
[13]. The proportion of patients with non-sentinel
node metastases was not significantly different in
the validation and original cohorts; 13% (23/181)
and 9% (28/304), respectively, for patients with
ITC, and 17% (125/739) and 18% (283/1577),
respectively, for patients with micrometastases. The
identified risk factors for non-sentinel node metas-
tases in the original cohort remained associated
with an increased risk of further spread beyond the
sentinel node in the validation cohort (Table II)
but the association only remained statistical sig-
nificant for tumor size and lymphovascular inva-
sion. In the validation cohort, no patients with ITC
under 40 years at diagnosis had non-sentinel node
metastases.

In the original cohort, 17% of patients with ITC
had more than one risk factor present. The risk of
further spread beyond sentinel node in this group
was 23%, compared to 6% in patients with only one
or none of the risk factors present. In the validation
cohort, a similar proportion (17%) had more than
one risk factor present. Thirty-seven percent of these
patients had non-sentinel node metastases, compared
to only 8% of patients with only one or none of the
risk factors present. Dividing patients into high- and
low-risk groups for having non-sentinel node metas-
tases with a cut-point of more than one risk factor
present the sensitivity and specificity was 0.48 and
0.88, respectively, in the validation cohort compared
to 0.43 and 0.85, respectively, in the original cohort.
AUC for a model based on the three risk factors was
0.73 (95% CI 0.64-0.82) in the original cohort, but
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Table III. Performance of models predicting non-sentinel node metastases in original and validation
cohorts of Danish breast cancer patients with ITCs or micrometastases in the sentinel node.

Model Cohort Operation year No. of patients Sensitivity Specificity AUC (95%CI)
ITC Original cohort 2002-2008 299 0.43* 0.85* 0.73 (0.64-0.82)
Validation cohort 2009-2010 180 0.48* 0.88* 0.60 (0.46-0.75)
MIC Original cohort 2002-2008 1521 0.25% 0.88% 0.64 (0.60-0.67)
Validation cohort 2009-2010 720 0.36% 0.81% 0.63 (0.57-0.68)

ITGC, isolated tumor cells; MIC, micrometastases.

*For cut-point of more than one risk factor present; *For cut-point of 30% observed risk of non-sentinel

node metastases.

decreased to 0.60 (95% CI 0.46-0.75) in the valida-
tion cohort (Table III).

When a score was assigned to each patient with
micrometastases in the original cohort by adding
the relevant B-coefficients from the multivariate
logistic regression model, a cut-off value on —1.128
could separate patients in the original cohort into a
group with less than 30% risk of non-sentinel node
metastases and a high-risk group with at least 30%
risk of further spread. This high-risk group repre-
sented 14% of patients in the original cohort. In the
validation cohort, 22% of patients had a risk score
above —1.128, and 28% of these high-risk patients
had non-sentinel node metastases. Using this cut-
point the sensitivity and specificity was 0.36 and
0.81, respectively, in the validation cohort com-
pared to 0.25 and 0.88, respectively, in the original
cohort (Table III). The AUC for the model for
patients with micrometastases changed only slightly
from 0.64 (95% CI 0.60-0.67) in the original
cohort to 0.63 (95% CI 0.57-0.68) in the validation
cohort.

Discussion

We have previously developed two models for pre-
dicting breast cancer patients with high risk of non-
sentinel node metastases when only minimal
metastatic disease is found in the sentinel node. The
models are now validated in a large independent
Danish data material. Especially the model for
patients with micrometastases showed to be robust
with only a slight change in accuracy in the new data
material.

By using the DBCG database, the models could
be based on a data material of a unique size of more
than 1800 patients. In addition, the database allowed
us to validate the models in an independent data
material of 900 patients. This comprehensive and
nationwide data material made the models very
robust when validated.

All risk factors for non-sentinel node metastases,
identified in the original cohort, remained associated
with an increased risk of non-sentinel node metastases

in the validation cohort, although several of the factors
were no longer statistical significant. This can partly
be explained by the lower number of patients in the
validation cohort on 900 patients compared to 1820
patients in the original cohort.

Despite being a robust model, AUC was only
0.63 for the model for patients with micrometastases,
and AUC for the model for patients with ITC
decreased to 0.60 when validated. The possibilities
of increasing the accuracy of the models are limited.
It is possible that the search for new biochemical
markers will reveal new clinically significant predic-
tors for non-sentinel node metastases that can
improve the models [17,18].

Only two earlier studies have tried to construct a
predictive model based on a population of patients
with micrometastases or ITC [11,12]. Like us, these
studies included large sample sizes of 484 and 909
patients. Nevertheless, AUC was only 0.68 and 0.66,
respectively, for the two models. Validation of the first
model resulted in an AUC on 0.79, but only 51
patients were included in the validation series [12].
The second model has been validated in a series of
484 patients but the AUC was not reported [19].
These earlier models have focused on predicting a
group of patients with low risk of non-sentinel node
metastases, where ALND could be omitted without
compromising locoregional disease control.

Locoregional disease control is however not only
based on surgical treatment but on adjuvant treat-
ment as well. The criteria for offering adjuvant
systemic treatment have changed over years [20] and
there is a trend towards inclusion of several new
high-risk criteria in the decision for adjuvant sys-
temic treatment. This has led to a larger proportion
of patients offered systemic treatment. It is possible
that systemic treatment together with whole breast
irradiation can eliminate low volume axillary metas-
tases. This could explain the increasing evidence
indicating that ALND can safely be omitted in sen-
tinel node positive patients despite the risk of leaving
non-sentinel node metastases in the axilla [3—-6]. In
cohort studies based on data from the National
Cancer institute’s surveillance Epidemiology, and
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End Results database [4] and the American National
Cancer Data Base [3] there was no difference in out-
come between patients with and without ALND
when only micrometastases were found in the senti-
nel node. Results from only two randomized trials
exist. In the IBCSG 23-01 trial no significant differ-
ence in disease-free survival was found between
patients with and without ALND after five years of
follow-up, when only micrometastases was found in
the sentinel node [5]. Likewise, the ACOSOC Z0011
trial found no significant difference in loco-regional
recurrence and overall survival between sentinel
node positive patients with and without ALND [6,7].
In the light of these studies, the prediction of a very
low risk of non-sentinel node metastases is irrelevant.
Still, a small group of sentinel node positive patients
will experience an axillary recurrence despite having
only minimal metastatic disease in the sentinel node,
and these patients might benefit from an ALND. In
a recent Dutch cohort study, including more than
2600 patients, the adjusted hazard ratio for regional
recurrence was 4.39 if ALND was omitted in patients
with micrometastases in the sentinel node. A similar
but insignificant trend was seen for patients with I'TC
[21]. Therefore a predictive model may be needed to
identify patients where adjuvant treatment might not
be sufficient to eliminate residual axillary metastases
resulting in a high risk of relapse. High risk of non-
sentinel node metastases can be considered as a sur-
rogate endpoint for axillary recurrence. In contrast
to earlier models predicting the risk of non-sentinel
node metastases [11,12] we focused our models on
patient at the high end of the risk scale. In patients
with micrometastases, we choose a cut-point that
identified patients with more than 30% risk of non-
sentinel node metastases in the original cohort, which
is at a level comparable to patients with macrome-
tastases [22]. This group of patients may still benefit
from an ALND. For patients with I'TC the cut-point
was guided by the number of risk factors present. In
the original cohort, only 23% of patients with more
than one risk factor present had non-sentinel node
metastases, which could argue for an even higher cut-
point on more than two risk factors present. Still,
37% of patients in the high-risk group of the valida-
tion cohort had non-sentinel node metastases when
a cut-point of more than one risk factor was used,
indicating that this is a reasonable cut-point.

The two validated models seem to be suitable for
a Danish population of breast cancer patients. How-
ever, when models are tested in a foreign population,
they generally tend to work poor and a high variation
in model performance between different centers has
been shown [12]. For example, the Tenon score was
developed in a French population and worked well
in the French validation study [10], but did not

perform very well in a Swedish population [23].
Likewise, the model from the Memorial Sloan-
Kettering Cancer Center [9] worked well in other
American populations [24], but was not very pre-
cise in a Hungarian population [25]. Finally, only
two of 12 tested models worked well in a Chinese
population [26]. Accordingly, validation of the mod-
els on an external data material outside Denmark is
necessary to ensure international validity.
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