334 Neoplasma 60, 3, 2013

doi:10.4149/neo_2013_045

Predicting axillary sentinel node status in patients with primary breast cancer
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The aim of this study is to determine the combination of characteristics in early breast cancer that could estimate the
risk of occurrence of metastatic cells in axillary sentinel lymph node(s). If we were able to reliably predict the presence or
absence of axillary sentinel involvement, we could spare a considerable proportion of patients from axillary surgery without
compromising therapeutic outcomes of their disease. The study is based on retrospective analysis of medical records of 170
patients diagnosed with primary breast cancer. These women underwent primary surgery of the breast and axilla in which at
least one sentinel lymph node was obtained. Logistic regression has been employed to construct a model predicting axillary
sentinel lymph node involvement using preoperative and postoperative tumor characteristics. Postoperative model uses tumor
features obtained from definitive histology samples. Its predictive capability expressed by receiver operating characteristic
curve is good, area under curve (AUC) equals to 0.78. The comparison between preoperative and postoperative results showed
the only significant differences in values of histopathological grading; we have considered grading not reliably stated before
surgery. In preoperative model only the characteristics available and reliably stated at the time of diagnoses were used. The
predictive capability of this model is only fair when using the data available at the time of diagnosis (AUC = 0.66). We con-
clude, that predictive models based on postoperative values enable to reliably estimate the likelihood of occurrence of axillary
sentinel node(s) metastases. This can be used in clinical practice in case surgical procedure is divided into two steps, breast
surgery first and axillary surgery thereafter. Even if preoperative values were not significantly different from postoperative
ones (except for grading), the preoperative model predictive capability is lower compared to postoperative values. The reason
for this worse prediction was identified in imperfect preoperative diagnostic.
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Prognostic and predictive characteristics of primary tumor
enable estimation of the prognosis and implementation of
adequate treatment in early breast cancer patients [1,2]. The
independent prognostic value has been repeatedly proven for
tumor size, histopathological grade, and lymph node status
[3]. Other studies also attribute this prognostic value to HER2
[4,5]. Axillary lymph node status is the most important inde-
pendent prognostic factor for disease free survival as well as for
overall survival in breast cancer patients [6,7]. The only reliable

way so far to verify the lymph node status is by microscopic
examination of dissected lymph nodes. Sentinel lymph node
biopsy is a widely accepted alternative for complete axillary
dissection in early breast cancer [8,9]. Although the com-
plication rates of this procedure are considerably lower than
those of standard axillary dissection, this surgery can often
be considered unnecessary as in the majority of early breast
cancer cases all examined lymph nodes are without metastatic
involvement. For this reason, less invasive alternative methods
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of axillary nodal evaluation are being sought. As imaging
methods did not attain adequate sensitivity, some authors have
attempted to calculate the risk of axillary involvement based
on a combination of patient’s and tumor characteristics. The
rationale for this approach can be found in literature. A direct
correlation between the size of the primary tumor and the
incidence of axillary metastases has repeatedly been proven
[10-12]. Other tumor characteristics used for indication of
adjuvant therapy [13-15] have also been found useful for
improving the accuracy of assessing the risk of axillary lymph
node involvement. Based on this knowledge, various math-
ematical models have been constructed. They calculate either
the risk of any axillary lymph node involvement in early breast
cancer [16], or try to predict the occurrence of metastasis in
additional node(s) in the case of the sentinel lymph node being
affected [17-20]; the overview of the characteristics of these
models is given in table 1.

The design of our study is different from the previous ones.
It deals with sentinel axillary node instead of any axillary
lymph node involvement. The aim of this study thus, is to
determine the combination of characteristics in early breast
cancer that could estimate the risk of occurrence of metastatic
cells in axillary sentinel lymph node(s). If this prediction were
reliable, we could spare a considerable proportion of patients’

axillary surgery without compromising therapeutic outcomes
of their disease.

Patients and methods

This trial presents a retrospective analysis of the data ob-
tained from medical records of patients treated in a leading
oncosurgical institution in Prague, Czech Republic. The study
population was composed of patients diagnosed with primary
breast cancer between the years 2008 to 2010. Out of this group,
617 women underwent primary breast surgery (either breast
conserving or mastectomy) followed by axillary sentinel lymph
node biopsy in which at least one lymph node was obtained.
The mean age at the time of diagnosis of these patients was 57.3
years. Suspicion of malignancy was ascertained from imaging
methods (mammography, ultrasonography, magnetic reso-
nance) and clinical examination. Thereafter, the diagnosis was
verified by core needle biopsy. All the patients also underwent
necessary staging procedures so that the exact clinical staging
could be established according to the TNM system. Patients
with distant metastases were excluded from the study.

Ultrasonography was considered more accurate for descrip-
tion of tumor extension than mammography. Lymph node
status (axillary and periclavicular) has also primarily been

Table 1. The overview of the characteristics of the models predicting the affection of axillary lymph nodes.

author, number of statistical method statistically significant characteristics evaluation of predictive capability
institution, patients
publ. year
¥ Ravdin 11.964 stepwise MLR size of primary tumor not allow for prediction of whether a patient has
NBCTR  retrospective (with or without S-phase fraction greater than 95% chance of being node positive
1994 (16) interactions of first order) age of the patient or node negative — ,,cannot replace prognostic
progesterone receptors count information obtained with dissection of the nodes"
Yvan Zee 1.075 MLR definitive size of primary tumor AUC=0.76
MSKCC prospective ROC LVSI model is ,imperfect, its results cannot directly be
2003 (17) nomogram number of positive SLNs used for the recommendations in clinical practice
number of negative SLNs
size of lymph node metastasis
® Kohrt 285 MLR definitive size of primary tumor MLR gives best predictive results;
Stanford prospective  recursive partitioning ROC LVSI AUC = 0.85 using the size, LVSI a ER status
2008 (18) Classification and estrogen receptors count AUC = 0.83 using the size and LVSI
Regression Trees size of lymph node metastasis (MSKCC model with the same data set AUC = 0.77)
 Coufal 330 univariate estimation of definitive size of primary tumor AUC =0.76
MOU Brno  retrospective predictive capability of  size of lymph node metastasis extranodal ~ (control data set from another hospital: AUC =
2009 (19) variables; spread of the metastasis 0.74)
MLR (stepwise — backward)  relation of the number of positive SLNs
ROC to the number of all dissected nodes
Jeruss 104 univariate estimation of definitive size of primary tumor AUC =0.76
MDACC  prospective predictive capability of LVSI (control data set from another hospital: AUC = 0.78)
2007 (20) variables; multifocality

MLR (stepwise — backward)

ROC
monogram

size of lymph node metastasis
LN status at the time of diagnosis

¥ risk of any axillary lymph node involvement; * risk of non-sentinel lymph nodes affection in patients with positive SLN;  risk of non-sentinel lymph nodes
affection following NACT in patients with positive SLN at the time of diagnosis;
AUC = area under curve; ER = estrogen receptors; LN = lymph node; LVSI = lymphovascular space invasion; MLR = multivariate logistic regression; NACT
= neoadjuvant chemotherapy; ROC = Receiver Operating Characteristic; SLN = sentinel lymph node
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Figure 1. Histogram of the distribution of the age and body mass index of the patients. Normal Gaussian distribution is seen in the diagrams.

L: BMI = body mass index

evaluated by ultrasound and physical examination. For statisti-
cal reasons, HER2 is designated as ,,positive“ in the event of
immunohistochemical 2+ or 3+ scores; otherwise, the tumor
is considered as HER2 “negative®. The lymphovascular space
invasion (LVSI) cannot be reliably investigated preoperatively
since the biopsy is directed to the center of the lesion, and LVSI
must be obtained from the peripheral part of the tumor mass.
Any sentinel nodes involvement was considered as “positive’,
irrespective of metastatic cell burden in the nodes.

Statistics. In order to minimize the potential sources for
inaccuracy of statistical conclusions, the data set had to be
adjusted. This adjustment was performed by the statistician
for the following reasons. First, outliers have to be excluded;
this also means 106 patients with in situ carcinoma had to be
taken away as metastatic involvement was only found in one
case this group (outlier). Second, the number of lymph node
negative patients must be similar to the number of patients
with affected sentinel nodes. Thus, out of the prevailing cases
with negative lymph nodes, 24% of records were selected by
random choice to make this group comparable to the other
one. Third, some subgroups of patients had to be united so that
sufficient counts were reached in all the subgroups (expected
count recommended for each group is five or more). For this
reason, for instance, tumors found in upper inner and lower
inner quadrants were designated to be in “medial location” all
the other sites were designated as “lateral location”. Detailed
description of the reasons for data set adjustment, however,
exceeds the focus of this article and is the thesis subject of the
main author [21]. Therefore, out of a study population of 617
patients, 170 were chosen to form the target population used
for construction of the models.

Multivariate logistic regression was used for the calculation
of a predictive model; Wald statistic was employed to estimate
its parameters of the equation. Thereafter, acceptability of the

model was verified with Hosmer-Lemeshow test of proper
correlation of used data with regression model. Since the data
obtained after the surgery more accurately reflect the real
composition of the malignant tumor, we have constructed
a postoperative predictive model based on definitive histo-
logical analysis (step 1). Thereafter, we analyzed the degree of
discrepancies between postoperative and preoperative values
to be able to identify the characteristics that were not credibly
known during preoperative diagnosis (step 2). McNemara and
Bowker test were used for categorical variables, Wilcox pair test
and t-test were used for continuous variables. P-value <0.05
was considered statistically significant. Detailed analysis of the
agreement between postoperative and preoperative values is
described in another article [22]. The aim of this study was to
formulate the regression equation predicting axillary sentinel
nodes involvement based on preoperative values (preoperative
model - step 3). In this model, the same variables were used
as in the postoperative model excluding those not available at
the time of diagnosis and those not trustworthy at the time of
diagnosis (i.e. variables with significant differences between
preoperative and postoperative values). A Receiver Operating
Characteristic (ROC) curve has been constructed for both
models to evaluate their credibility to predict axillary sentinel
nodes involvement (by its area under curve - AUC). Statistical
software IBM SPSS Statistics 18 has been used.

Results

Prediction based on postoperative values (“postoperative
model” - step 1). The distribution of the study population
according to age and body mass index (BMI) is shown in
figure 1. The mean age at the time of diagnosis was 57.3 years
(range 31-85, median 58), mean BMI was 27.7 (range 14.8-
44.3, median 24.8).
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Figure 2. Comparison of postoperative and preoperative values of the continuous variables. The distribution of estrogen and progesterone receptor
count is not normal, it exhibits one peak in 0% and another peak in 80-100%.
L: ER = estrogen receptors, PR = progesteron receptors, KI67 = proliferative index



338 D. KOLARIK, V. PECHA, M. SKOVAJSOVA, J. ZAHUMENSKY, M. TRNKOVA, L. PETRUZELKA, M. HALASKA, O. SOTTNER et al.

postoperative model - AUC = 0.78

08

06

04

specificity

02

00

-02
02 0o 02 04 0§ 0g 1,0 12

sensitivity

Figure 3. ROC curves for postoperative and preoperative models
L: ROC = Receiver Operating Characteristic

Descriptive statistics of categorical variables are stated
in table 2. Metastatic involvement of sentinel node was ob-
served more frequently in the presence of LVSI, in lobular
compared to ductal type and in multifocal compared to
solitary lesion; less frequent metastases occurred in grade 1
compared to other grades; location of the tumor and HER2
status did not seem to influence the frequency of sentinel
node affection.

The distribution of the values of continuous variables is
depicted in figure 2. More than 83% of tumors belonged to
stage T1, mean maximum diameter was 16.1 millimeters;
majority of tumors had proliferative activity less than 25%,
mean KI67 index was 17.4%.

Postoperative logistic regression model follows:

Table 2. Descriptive statistics of categorical variables

specthicity

preoperative model - AUC = 0.66

0,2 0,0 02 0.4 06 08 1,0 152

senstivity

logit(metastasis_YES) =-1.82 - 0.21 * location(medial)
- 0.12 * histology(ductal) + 0.36 * surgery(hospital-1)
- 0.39 * surgery(hospital-2) - 0.33 * grade(1) + 0.18 *
grade(2) - 0.44 * LVSI(absent) + 0.26 * HER2(negative)
- 0.14 * multifocality(single) + 0.15 * max.diameter
- 0.01 * ER + 0.01 * PR - 0.01 * KI67 + 0.01 * BMI +
0.001 * age

For lymphovascular space invasion (LVSI), maximum
diameter and PR count the p-value < 0.05 signalizes these
characteristics are statistically significant. However, if we used
only these significant variables, the sensitivity would be lower

variable value N metastasis YES metastasis NO metastasis YES % metastasis NO %
X medial 62 28 34 45% 55%
location
lateral 108 52 56 48% 52%
. ductal 154 71 83 46% 54%
histology
lobular 16 9 7 56% 44%
hospital 1 63 32 31 51% 49%
site of surgery hospital 2 47 18 29 38% 62%
hospital 3 60 30 30 50% 50%
1 47 18 29 38% 62%
grade 2 82 43 39 52% 48%
3 41 19 22 46% 54%
absent 120 47 73 39% 61%
LVSI
present 50 33 17 66% 34%
negative 133 64 69 48% 52%
HER?2 rec. .
positive 37 16 21 43% 57%
. . single focus 147 67 80 46% 54%
multifocality R .
multiple foci 23 13 10 57% 43%
total 170 80 90 47% 53%
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and the false negativity would be higher; thus, the remaining
variables (not statistically significant) cannot be excluded from
the model since its quality would drop substantially. Table 3
and figure 3 summarize the predictive capability of the postop-
erative model. Sensitivity to assess the sentinel node affection
of 61% is fair; positive and negative predictive value of 73%
and 70% respectively is acceptable. If these data were available
at the time of diagnosis, the capability to estimate the risk of
sentinel nodes involvement would be good (AUC = 0.78).

Comparison between postoperative and preoperative
values (step 2). Comparisons of postoperative and preop-
erative values of categorical variables are shown in table 4.
Preoperative determination of tumor location and histologi-
cal type of the tumor reflects almost exactly the real situation
verified postoperatively; preoperative assessment of HER2
status and multifocality also showed to be very reliable; obvi-
ous differences can be seen in pre- and postoperative values
of tumor grading. Comparisons of continuous variables are
displayed in histograms in figure 2 - the distribution of pr-
eoperative variables is very similar to that of postoperative
variables. Statistical methods stated above have found that
out of all the variables only the values of histopathological
grading were statistically significantly different before and
after surgery.

Prediction based on preoperative values (“preoperative
model” - step 3). The variable “grading” had to be excluded (as
its preoperative values differed significantly from postopera-
tive values); the variable LVSI was not available preoperatively.
Thus, only the remaining variables can be used for preopera-
tive model. Only the maximum diameter of the tumor (p =
0,00) and PR count (p = 0,04) are statistically significant.
Preoperative logistic regression equation thus, has the fol-
lowing form:

logit(metastasis_YES) =-2.24 - 0.23 * location(medial)
+ 0.06 * histology(ductal) + 0.29 * surgery(hospital-1) —
0.43 * surgery(hospital-2) + 0.20 * HER2(negative) — 0.27
* multifocality(single) + 0.16 * max.diameter — 0.01 * ER
+0.01 * PR - 0.002 * KI67 - 0.02 * BMI +0.005 * age

This model still retains good predictive capability when us-
ing postoperative data. However, for the data available before
surgery, this model is not acceptable (significant difference
occurred between model-predicted and real values). Predic-
tive capability of preoperative model using data available at
the time of diagnosis is summarized in table 3 and figure 3
-sensitivity is as low as 53%, false negativity reaches 48%,
positive and negative predictive values are 61% and 60%
respectively. We conclude that although the data before and
after surgery did not show significant differences, the model
constructed on the basis of postoperative data cannot be
used for preoperative data (predictive capability is only fair,
AUC = 0.66).

Discussion

Mathematical models for axillary lymphatic involve-
ment in breast cancer patients. Multivariate analyses have
repeatedly defined axillary lymph node status as one of the
most important independent prognostic factors for disease-
free survival and for overall survival of patients with breast
cancer [6,7]. Whether or not it is possible to predict axillary
lymphatic involvement without dissection of the nodes is thus
a relatively old question. The question is raised by the effort
to minimize the radicality of axillary surgical procedures or
even to omit axillary surgery completely. However, imaging
methods (including ultrasound, computed tomography and
magnetic resonance) did not show acceptable sensitivity for
evaluation of low-volume metastatic nodal involvement.
The only non-surgical method of determination of the risk
of metastatic cells presence in axillary nodes thus is the es-
timation based on characteristics of primary breast tumor.
The aim was to define a group of patients with such a low
risk of metastasis that would justify not performing axillary
dissection.

In the nineties of the last century, a crucial paper dealing
with this topic was published analyzing nearly 12,000 patients
from the National Breast Cancer Tissue Resource database
[16]. Primary tumors smaller than 5cm and at least 15 histo-
logically examined lymph nodes were the inclusion criteria of
this study; stepwise multivariate regression analysis was used.

Table 3. Comparison of postoperative and preoperative regression models (their capability to estimate the risk of sentinel nodes involvement)

postoperative model
estimated metastasis_YES

estimated metastasis NO

preoperative model
estimated metastasis_YES estimated metastasis NO

real metastasis_YES 49
real metastasis_NO 18
sensitivity 61%
false positivity 20%
specificity 80%
false negativity 39%

73%
70%

positive predictive value

negative predictive value

31
72

42 38
27 63
53%

30%

70%

48%

61%

60%
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Table 4. Comparison between preoperative and postoperative values

preoperative values postoperative values
medial lateral total
location medial 61 1 62
(p = 1.00) lateral 1 107 108
total 62 108 170
ductal lobular total
histology ductal 149 3 152
(p =0.625) lobular 1 13 14
total 150 16 166
1 2 3 total
X 1 45 15 2 62
%;azdgf(fo H 2 2 60 16 78
3 0 7 23 30
total 47 82 41 170
negative positive total
HER2 negative 128 4 132
(p=1.00) positive 5 33 38
total 133 37 170
single focus multiple foci total
multifocality single focus 138 10 148
(p = 1.00) multiple foci 9 13 22
total 147 23 170

Following characteristics were statistically significant for the
estimation of the presence of at least one affected axillary
node: size of the primary tumor, proliferation activity (S-
phase fraction), age at the time of diagnosis, and the presence
of progesterone receptors. The authors state that although
somewhat successful predictive model can be produced to
predict axillary lymph node involvement, this model does
not allow for prediction of whether a patient has a greater
than 95% chance of being node negative or node positive.
They concluded that the model cannot replace prognostic
information obtained with dissection of the nodes and their
histological examination.

Introduction of sentinel lymph node (SLN) biopsy into
clinical practice has lead to a significant reduction in the
degree of radicality of axillary surgery. It has been proven
that complete axillary dissection can be safely excluded in
women with negative SLN [23]. Completion of axillary dis-
section was recommended only in cases with at least one
positive SLN. However, even this approach appeared to be
inappropriately radical as only about 35-50% of women with
metastasis in SLN also had at least one non-sentinel node af-
fected [24-28]. Thus in the majority of women with positive
SLN completion of axillary dissection can be considered as
inappropriate overtreatment. Efforts to restrict radicality in
the axilla again opened a new area for predictive modeling.
Among women with metastatic involvement of SLN, these
models have tried to identify a group of patients in whom
the risk of affliction on non-sentinel nodes is low so that it
allows for avoidance of complete axillary clearance without

negatively influencing the prognosis of the patients. These
papers are important from the methodological point of view
as they reflect up-to-date requirements for statistical process-
ing of data in oncological patients.

The most often cited article for this type of prediction is the
Memorial Sloan-Kettering Cancer Center model published in
2003 that analyzed 1075 cases [17]. Characteristics of lymph
nodes (number of positive SLNs, number of negative SLNs, size
of the metastasis) and also of primary tumors (size measured
in histology specimen, LVSI) were statistically significant. The
capability of the model to predict non-sentinel metastases is
expressed by the area under curve ROC = 0.76; the authors
consider this model as “imperfect” and emphasize that the
results of the prediction cannot directly be used in clinical
practice [17]. However, other papers suggest the risk estima-
tion given by the model helps (better than expert opinion) to
decide the relevance of completion of axillary dissection [18].
The characteristics of this and other models are summarized
in table 1 [16-20].

Other models tried to predict affection of non-sentinel
nodes in patients with histologically confirmed SLN metastasis
at the time of diagnosis who received neoadjuvant chemo-
therapy (NACT) [20]. Authors from M.D. Anderson Cancer
Center have analyzed a relatively small group of 104 patients
and found statistical significance of the following character-
istics: definitive size of primary tumor, LVSI, multifocality,
method of detection of lymph node metastasis that roughly
corresponds with the size of metastasis and clinical status of
axillary nodes at the time of diagnosis. Area under ROC curve
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was 0.76; using the model for the data set from another hospital
showed AUC = 0.78.

Predictive models are methodologically similar: they use
multivariate logistic regression, although in various modifica-
tions. Primary tumor size measured in histological specimens
and LVSI are the most frequent features significant for predic-
tion of axillary involvement. Area under ROC curve is a useful
method for direct comparison of predictive capability of the
models.

Results and clinical significance of our model. Our study
moves forward compared to previous papers. It concentrates
on sentinel axillary nodes instead of dealing with any axillary
lymph nodes affection. This principal difference is given by
the shift in clinical practice: nowadays, axillary sentinel lymph
node dissection is the standard procedure in early breast
cancer and no more lymph nodes can be obtained without
obvious harm to the patients. The following postoperative
characteristics were statistically significant in multivariate
logistic regression: maximum diameter measured in histologi-
cal specimen, LVSI and percentage of progesterone receptors.
However, the variables with no proven statistical significance
contribute to the predictive power of the model. The same
conclusion has been drawn when constructing MSKCC [17]
and MOU [19] models.

Our postoperative model used similar methods and ana-
lyzed data in a similar number of patients compared to the
studies shown in table 1. Statistical significance was proven
for similar characteristics, especially for primary tumor size
and LVSI. Also the degree of reliability to estimate the risk
of sentinel node involvement is comparable to all major
predictive models published so far; this is best exempli-
fied in ROC curves, AUC = 0.78 (see figure 3). Thus, these
models can only be used in clinical practice in the case that
the surgical procedure is divided into two steps: breast sur-
gery first, axillary surgery thereafter. Then axillary surgery
can hopefully be omitted in cases with very low expected
risk of sentinel node affection. From this point of view, our
postoperative model has predictive capability comparable
to MSKCC model that is widely used to assist clinical judg-
ment when attempting to diminish the degree of radicality
of axillary surgery [17].

Preoperative data (with the exception of grading) did not
significantly differ from postoperative values. This minimal
difference raised hopes of being able to predict axillary me-
tastases based on preoperative values, i.e. in present clinical
practice. After eliminating the grading and LVSI (not available
before surgery) preoperative model has been constructed. Only
maximum primary tumor diameter and progesterone recep-
tor percentage remained as statistically significant variables.
However, this model predicted values significantly different
from the real situation. Capability of prediction is distinctly
lower compared to postoperative values. This is the reason for
our conclusion: imperfect preoperative diagnostic is a major
problem hampering the estimation of occurrence of sentinel
lymph modes metastases.

Conclusion

Predictive models constructed on the basis of detailed
histopathological examination of postoperative specimens
enable to estimate the likelihood of occurrence of axillary
sentinel node metastases. In the case we divided the surgical
procedure in two steps as stated above our model would be
a useful tool in addition to clinical judgment as to whether or
not to perform axillary sentinel lymph node dissection. Even
if preoperative values were not significantly different from
postoperative ones (except for grading), the model based on
preoperative data predicted only unreliably the real risk of
occurrence of axillary sentinel lymph node metastasis. Thus,
entreaty to more exact preoperative diagnostic is crucial.
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