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DETERMINING THE NECESSITY OF COMPLEMENTARY AXILLARY DISSECTION IN
BREAST CANCER PATIENTS WITH POSITIVE SENTINEL LYMPH NODE BY WAY OF
ASSESSING NOMOGRAM METHODS
POZİTİF SENTİNEL LENF DÜĞÜMÜ OLAN MEME KANSERLİ HASTALARDA
TAMAMLAYICI AKSİLLER DİSEKSIYON GEREKLİLİĞİNİN NOMOGRAM YÖNTEMLERİNİN
DEĞERLENDİRİLMESİYLE BELİRLENMESİ
Dursun Burak OZDEMIR1, Betul BOZKURT2

ABSTRACT

ÖZET

AIM: Our aim was to evaluate the efficacies of different nomogram
approaches, including the Memorial Sloan Kettering Cancer
Centre (MSKCC), Stanford University, Tenon Hospital, Cambridge
University and TR methods, in patients operated for breast cancer.

AMAÇ: Amacımız meme kanseri nedeniyle ameliyat edilen
hastalarda farklı nomogram yaklaşımları olan Memorial Sloan
Kettering Kanser Merkezi (MSKCC), Stanford Üniversitesi,
Tenon Hastanesi, Cambridge Üniversitesi ve TR yöntemlerininin
etkinliklerini değerlendirmekti.

MATERIAL AND METHOD: The study included 60 breast cancer
patients who were operated on for breast cancer at Ankara Numune
Training and Research Hospital, A2 General Surgery Clinic, between
2007 and 2012. All patients were sentinel lymph node (SLN)-positive
and had undergone axillary lymph node dissection (ALND). Five
different scoring systems were applied retrospectively to these 60
patients. Receiver operating characteristics (ROC) curves were
created for the nomograms and the area under the curve (AUC)
sensitivity and specificity results were calculated.

GEREÇ VE YÖNTEM: Araştırmaya Ankara Numune Eğitim
ve Araştırma Hastanesi A2 Genel Cerrahi Kliniği'nde 2007-2012
yılları arasında meme kanseri nedeniyle ameliyat olan 60 meme
kanserli hasta dahil edildi. Tüm hastalar sentinel lenf nodu (SLN)
pozitifti ve aksiller lenf nodu diseksiyonu (ALND) geçirmişti. Bu
60 hastaya retrospektif olarak beş farklı skorlama sistemi uygulandı.
Nomogramlar için receiver operating characteristics (ROC) eğrileri
oluşturulmuş ve eğri altında kalan alan (AUC), duyarlılık ve özgüllük
sonuçları hesaplanmıştır.

RESULTS: Twenty-two patients (37%) had axillary non-SLN
metastases. AUC values of MSKCC, Stanford, Cambridge, Tenon and
TR nomogram were calculated as 0.646, 0.644, 0.62, 0.595, and 0.66,
respectively. A significant difference was found between the groups
with and without non-SLN metastasis in terms of SLN metastasis size
(p = 0.013).

BULGULAR: Yirmi iki hastada (%37) aksiller SLN dışı metastaz
vardı. MSKCC, Stanford, Cambridge, Tenon ve TR nomogramlarının
AUC değerleri sırasıyla 0.646, 0.644, 0.62, 0.595 ve 0.660 olarak
hesaplandı. SLN metastazı boyutu açısından SLN metastazı olan ve
olmayan gruplar arasında anlamlı fark bulundu (p = 0.013).

CONCLUSION: The MSKCC, Stanford, Cambridge, Tenon, and
TR nomogram models were found to have insufficient power to
discriminate between patients with and without non-SLN metastases
in patients with SLN-positive breast cancer (AUC values <0.70).

SONUÇ: MSKCC, Stanford, Cambridge, Tenon ve TR nomogram
modellerinin, SLN pozitif meme kanserli hastalarda SLN dışı
metastazları olan ve olmayan hastaları ayırt etmek için yetersiz
güce sahip olduğu bulundu (AUC değerleri <0,70). Ancak TR
nomogramının en yüksek özgüllüğe sahip olduğu saptandı.
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INTRODUCTION
According to GLOBOCAN data, which examines 36
cancer types in 185 countries, female breast cancer is
the most frequently diagnosed cancer in the year 2020,
surpassing lung cancer (1). While 2,261,419 (11.7%)
new female breast cancer cases were reported in 2020,
breast cancer was the 5th leading cause of cancer-related
death (6.9%) (684,996) among all cancer types (1). The
survival time in breast cancer is increasing due to cancer
screening, early diagnostic methods, and advances in
treatment approaches and medical technology (2).
Over time, the surgical approach to breast cancer has
evolved from radical mastectomy to modified radical
mastectomy, and then to breast-conserving surgery
(3). Knowing the status of the axilla in breast cancer is
critical for staging, adjuvant treatment planning, survival
and disease-free survival. The presence and number
of metastatic lymph nodes in the axilla are the most
important prognostic factors (4,5). In the presence of
axillary lymph node involvement, axillary lymph node
dissection (ALND) or sentinel lymph node (SLN) biopsy
(SLNB) can be used.
ALND has been used for a long time for axillary
assessment in the past. The advantages of ALND are that
it helps in staging the disease, making a more accurate
prognosis estimation, providing local control in the
axilla, deciding on adjuvant systemic therapy and possible
contribution to survival (6). However, ALND is the most
important cause of morbidity associated with breast
cancer surgery, as it can cause complications such as
oedema, seroma, injury of vessels and nerves in the axilla,
pain in the arm, limitation of movement, numbness and
tingling sensation (7). When the historical development
of breast cancer surgery is examined, ALND has been
performed in cases with metastasis as determined by
SLNB in classical practices (8). Especially in the light
of the ACOSOGZ11 study and subsequent studies, it
was revealed that performing ALND in SLNB-positive
patients did not have an effect on local recurrence and
survival, and a less aggressive approach was dominant in
the surgical management of the axilla (8).
SLNB allows avoidance of the complications of axillary
dissection to some extent. When the clinical applications
of the American Society of Oncology (ASCO) and
National Comprehensive Cancer Network (NCCN)
guidelines are reviewed, it is recommended to perform
SLNB in patients with negative axilla, to avoid ALND in
SLNB-negative patients, and to perform ALND in SLNBpositive patients (8). These data provided the basis for
increased use of SLNB, and prevented the application of
ALND in patients without clinically palpable lymph nodes
in the axilla. However, metastasis is not detected in nonSLN sites in 30-70% of ALNDs performed in patients with
SLNB metastasis (9). In this case, it becomes important
to be able to determine non-SLN positivity with noninvasive methods. For this purpose, nomograms used to
predict non-SLN status have been developed.
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Nomograms aim to predict non-SLN metastasis
in patients with SLN-positive breast cancer and to
prevent possibly unnecessary ALND, thus avoiding
complications that may occur due to ALND. The
distinctive abilities of these various models differ
between different populations. Therefore, it is crucial
to validate these tools before applying the results to a
specific population. We evaluated the effectiveness of
the Memorial Sloan Kettering Cancer Centre (MSKCC),
Cambridge, Stanford, Tenon score and the nomogram
(TR nomogram) developed by Gür et al. in our patient
population. The aim of this study was to determine the
rate of unnecessary complementary axillary dissection
performed in breast cancer patients with SLN positivity
in our clinic, and to investigate whether this can be
prevented with current nomogram methods.
MATERIAL AND METHOD
The clinical data of 60 patients who were operated for breast
cancer at Ankara Numune Training and Research Hospital
A2 General Surgery Clinic between 2007 and 2012 and
who were found to be SLN-positive and underwent ALND
were evaluated. During SLNB, only blue dye was used in
30 patients, only lymphoscintigraphy and gamma probe in
24 patients, and blue dye, lymphoscintigraphy and gamma
probe were used together in 6 patients. The patients'
age, localization of the primary tumour, clinical and
pathological size, type, grade, presence of DCIS necrosis in
the primary tumour, presence of lymphovascular invasion,
presence of multifocality, oestrogen, progesterone and
cerbB-2 receptor status, the number of excisions performed
for the primary tumour, the current surgical margin after
excision, the number of tumour positive and negative
SLNs, whether the SLN metastasis was micro or macro
metastasis, the metastatic SLN extracapsular spread status,
whether frozen section was used for SLN examination, the
size of SLN metastasis and the detection method of SLN
metastasis were recorded from the automation system
and clinical breast cancer follow-up forms. The MSKCC
and Stanford nomograms were calculated with the help
of an online calculator (10,11). Tenon score, Cambridge
nomogram and the TR nomogram developed by Gür et al.
in 2009 were calculated manually (12-14).
Ethical Approval
All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later amendments
or comparable ethical standards. The study was approved by
the Scientific Research Evaluation Commission of Ankara
Numune Training and Research Hospital (No: 2012-457,
Date: 10/10/2012). Informed consent was obtained from all
individual participants included in the study.
Statistical Analysis
Statistical analyses were performed in SPSS for Windows
Version 15.0 package program. Numerical variables
were summarized as mean ± standard deviation and
median [min-max] values, and qualitative variables were
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summarized as numbers and percentages. Shapiro-Wilk's
test was used to investigate whether the numerical data
showed a normal distribution. In addition to descriptive
statistical methods [mean, standard deviation and median
(min-max)] in the evaluation of data, the Student’s t-test
or the Mann-Whitney U test were used for comparison of
groups, and Chi-Square tests were used for the comparison
of qualitative data. Variables predicting NSLN metastasis
were determined by logistic regression analysis. The power
of MSKCC, Cambridge, Stanford nomograms, Tenon
score and the nomogram developed by Gür et al. to detect
the presence of non-SLN metastasis was determined by
ROC curve analysis. The area under curve (AUC) was
found for each test. The cut-off points of the tests and
their sensitivity (based on the identification of those with
non-SLN metastases) and the specificity (based on the
identification of those without non-SLN metastases) were
calculated. Significance level was taken as p<0.05.
RESULTS
The age distribution of the patients ranged from 37 to
78 years. Thirteen patients were clinically stage I (22%),
33 patients were stage IIA (55%), and 14 patients were
stage IIB (23%). All stage IIB patients were T3N0M0.
The mean age of the study group was 54.3 ± 10.9 years.
Of the 60 SLN-positive patients, 22 (37%) had non-SLN
metastases, and 38 (63%) had no non-SLN metastases.
Non-SLN metastasis rates were 15% in stage I patients,
38% in stage IIA patients, and 35% in stage IIB patients.
A significant difference was found between the groups
with and without non-SLN metastasis in terms of MSKCC
and TR nomogram values (p = 0.047 and p = 0.040,
respectively); however, there was no significant difference
in terms of Stanford and Cambridge nomogram values

and Tenon scores (p = 0.065, p = 0.170 and p = 0.117,
respectively). The mean MSKCC and TR nomogram
values were found to be higher in the group with non-SLN
metastases (Table 1).
There was no significant difference between the groups
with and without non-SLN metastasis in terms of
pathological tumour size and form of SLN metastasis
(micro metastasis/macro metastasis). There was no
significant result reached in terms of the form of SLN
metastasis between the groups with and without non-SLN
metastasis (p = 0.077). A significant difference was found
between the groups with and without non-SLN metastasis
in terms of SLN metastasis size (p = 0.013) (Table 2).
Although there was a significant difference between the
groups with and without non-SLN metastasis in terms
of SLN metastasis size, it was found that SLN metastasis
size was not an independent predictive factor for nonSLN metastasis. The predictive value of SLN metastasis
size in terms of non-SLN metastasis was found to have a
p value of 0.128. Odds ratio (95% Confidence interval)
was found to be 1.07 (95% CI: 0.98-1.17).
The optimal cut-off point was 51.5 in the MSKCC
nomogram, 30.85 in the Stanford nomogram, 0.38 in the
Cambridge nomogram, 0.41 in the TR nomogram, and
5.25 in the Tenon score. Among these five parameters, the
TR nomogram was found to be the nomogram that had
the highest power to distinguish between patients with
and without metastases. However, none of the nomogram
methods demonstrated remarkable diagnostic value.
Nonetheless, it was found that the Stanford nomogram
had the highest sensitivity and the TR nomogram had
the highest selectivity (Table 3) (Figure 1).

Table 1. Distribution of MSKCC, Cambridge, Stanford nomograms, Tenon score, and TR nomogram
between groups with and without non-SLN metastases.
All patients
No nonsentinal
nonsentinal metastasis
p
(n=60)
metastases (n=38)
(n=22)
MSKCC (Mean±SD)
48,0±18,2
44,5±16,3
54,1±20,0
0,047*
Stanford (Mean±SD)
62,0±30,9
56,7±32,0
71,3±27,3
0,065
Median [min – max]
64,5 [6,5 – 100]
56,7 [6,5 – 100]
79 [17 – 100]
Tenon score (Mean±SD)
5,2±1,6
4,9±1,8
5,7±1,1
0,117
Median [min – max]
5,5 [1 – 7]
5,3 [1 – 7]
6 [3,5 – 7]
TR (Mean±SD)
0,22±0,20
0,18±0,15
0,30±0,24
0,040*
Median [min – max]
0,12 [0,04 – 0,89]
0,11 [0,04 – 0,57]
0,15 [0,06 – 0,89]
Cambridge (Mean±SD)
0,41±0,23
0,37±0,22
0,46±0,25
0,170
Table 2. Distribution of pathologic tumour size, SLN metastasis form and SLN metastasis size between
groups with and without non-SLN metastases.
All patients non-SLN metastases non-SLN metastasis
p
(n=60)
absent (n=38)
present (n=22)
Pathologic tumour size (Mean±SD)
2,6±1,3
2,5±1,4
2,8±1,3
0,329
Median [min – max]
2,5 [0,6 – 7,0]
2,4 [0,6 – 7,0]
2,5 [1,0 – 6,0]
54/6
32/6
22/0
0,077
SLN metastasis form (Macro/Micro)
(%90/%10)
(%84,2/%15,8)
(%100/%0)
SLN metastasis size (mm) (Mean±SD)
8,57±6,78
7,26±6,57
10,82±6,67
0,013*
Median [min – max]
7 [1 – 30]
6 [1 – 30]
10 [4 – 28]
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Figure 1. ROC analysis of nomograms.

DISCUSSION
In order to avoid unnecessary axillary lymph node
dissection in patients with early-stage breast cancer
without axillary involvement, SLNB has been used in
many surgical clinics in recent years because it has less
morbidity compared to ALND and can provide prognostic
information. Prior studies have established that the
morbidity of SLNB is much lower than ALND, and that
SLNB is a very good indicator of axilla status (15,16).
After several pioneering studies concluded that axillary
lymph node dissection did not provide significant
prognostic benefit to patients, studies seeking ways
to protect the axilla continued, ultimately leading
to development of nomograms to predict nonSLN metastasis in SLN-positive patients (17,18).
The nomogram and scoring systems aim to identify
patients with SLN involvement and without non-SLN
involvement, in order to reduce unnecessary application
of complementary ALND. This approach has been
shown to help improve the quality of life of patients
(12,13,19,20). When the condition before and after the
nomograms is evaluated, it was observed that the rates
of ALND application in SLN-positive patients were
significantly lower in the post-nomogram period (21).
Only 35% to 50% of SLN-positive breast cancer patients
have non-SLN involvement (22). In our study, this rate
was calculated as 37%, similar to the rates in the literature.
The first study of nomograms was done by Van Zee et al.
from MSKCC in 2003 (19). In this retrospective study, the
AUC value for the MSKCC nomogram was reported to be
0.76. Later, MSKCC tested this nomogram in 373 patients
with a prospective study, and in this study, the AUC value

was found to be 0.77, and therefore, the authors argued
that this nomogram method was practical and reliable
(23). Although the pathology-based MSKCC nomogram
is used in many centres to determine a patient's risk
for non-SLN metastases, its accuracy varies between
populations (AUC values range from 0.58 to 0.86) (24,25).
Degnim et al. reported that the MSKCC nomogram
had a 0.86 AUC value and had a strong discriminatory
ability (24). However, Klar et al. reported the AUC value
of MSKCC nomogram as 0.58 in their study (25). Again,
in 2006, Smidt et al. applied the MSKCC nomogram to
222 SLN-positive breast cancer patients who underwent
ALND in a centre in the Netherlands and found the
AUC value to be 0.77 (26). In our study, the AUC value
of the MSKCC nomogram was determined as 0.646, the
sensitivity of the nomogram was 55%, the selectivity was
71%, and the cut-off value was calculated as 51.5. In our
study, it was determined that the MSKCC nomogram
was moderately valuable, that it was somewhat predictive
method–albeit with insufficient statistical discriminatory
power in clinical applications, and it was concluded that
it was not suitable for our patient population. Significant
differences between studies in various populations may be
related to detection methods and pathological evaluation
criteria of SLN.
In the Tenon model defined by Barranger et al. in
2005, SLN metastasis size was reported as the strongest
predictive factor predicting non-SLN involvement (12).
In our study, a significant difference was found between
the groups with and without non-SLN metastasis in
terms of SLN metastasis size, but it was found that
SLN metastasis size was not an independent predictive
factor for non-SLN metastasis. Many studies have been
conducted to evaluate the accuracy of the Tenon scoring
system. In these studies, AUC values ranged from 0.58
to 0.7 (27). In our study, the AUC value of the Tenon
scoring system was calculated as 0.62, the sensitivity
as 72.7%, the selectivity as 50%, and the cut-off value
was 5.25. In our study, it was determined that the tenon
scoring system was moderately significant, and that
it was a predictive method with insufficient statistical
discriminatory power in clinical applications.
In the Cambridge model defined by Pal et al. in 2008, many
parameters were examined and a formula containing 3
predictive factors was developed (13). Primary tumour
grade, SLN metastasis diameter, number of metastatic
SLNs/total number of SLNs excised were taken into
account. They calculated the MSKCC nomogram and
the Cambridge nomogram they developed to predict

Table 3. Criteria for the diagnostic value of nomograms.
AUC
p
MSKCC nomogram
%64,6
0,061
Stanford nomogram
%64,4
0,066
Tenon scor
%62
0,123
TR nomogram
%66
0,040
Cambridge nomogram
%59,5
0,223
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Cut-off
51,5
30,85
5,25
0,41
0,38

Sensitivity
%54,5
%95,5
%72,7
%41
%64

Selectivity
%71,1
%28,9
%50
%90
%66
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non-SLN metastasis in 118 patients. The MSKCC
nomogram AUC value was calculated as 0.68, and the
Cambridge nomogram AUC value was 0.84. As a result,
the Cambridge nomogram was reported to be more
effective in predicting non-SLN metastasis. In our study,
an inverse result was found. The MSKCC nomogram
AUC value was 0.646, while the Cambridge nomogram
AUC value was 0.595. In our study, it was determined
that the Cambridge nomogram was also somewhat
predictive, but had insufficient statistical discrimination
power in clinical applications.
In 2008, Kohrt et al. applied the MSKCC nomogram in
their patient population at Stanford University School
of Medicine and reported the AUC value as 0.62. They
concluded that the MSKCC nomogram was not suitable
for their population and published their own nomogram,
the Stanford nomogram, with an AUC value of 0.74 (20).
In a multicentre prospective study, 285 of 784 breast
cancer patients were found to be SLN-positive and the
variables found to be significant with ALND results
were analysed by regression analysis. According to this
model, the probability of non-SLN metastasis in patients
with isolated tumour cells as a result of SLNB was 4.7%,
the probability of non-SLN metastasis in patients with
micro metastasis was 42%, and the probability of nonSLN metastasis in patients with macro metastasis was
71%. In our study, the relationship between SLN micro
metastasis/macro metastasis and non-SLN metastasis
was investigated. Although none of the 6 patients with
SLN micro metastases had non-SLN metastases (0%), a
significant result could not be reached due to the small
number of patients with micro metastases (p = 0.077). In
our study, the rate of non-SLN metastasis was found to
be 41% in patients with SLN macro metastasis, and the
Stanford nomogram AUC value was calculated as 0.644,
while sensitivity was 95.5% and specificity was 28.9%
with a cut-off value of 30.8. In our study, the Stanford
model was the method with the highest sensitivity, but
it was found to be a moderately significant predictive
method with insufficient statistical discriminatory
power in clinical applications.
In 2008, Gür et al. retrospectively calculated the
MSKCC, Stanford, Cambridge nomograms and Tenon
score of 319 SLN-positive breast cancer patients who
underwent ALND and they reported the AUC values
of 0.70, 0.64, 0.69, and 0.69, respectively. They reported
the best predictive method as the MSKCC nomogram
(28). In 2009, Gür et al. calculated the MSKCC,
Cambridge, Stanford nomograms and Tenon score of
607 breast cancer patients who underwent ALND in
Turkey, and reported AUC values of 0.70, 0.71, 0.73,
and 0.53, respectively. In the same study, they reported
a nomogram with their own formulation, which had an
AUC value of 80% in these patients (14). In our study,
the AUC value of this nomogram was calculated as 66%,
while sensitivity was 41% and specificity was 90% with
a cut-off value of 0.41. Although it was the method with
the highest AUC value and specificity in our study, it

was also found to be a moderately significant predictive
method –similar to the other nomogram methods.
Predictors of metastatic non-SLN are primarily the
features of the primary tumour and features of the
metastatic SLN. Strong independent predictive factors for
non-SLN metastases were reported to be primary tumour
diameter and diameter of SLN metastases by Reynolds and
colleagues (29). Non-SLN metastasis rates predicted in the
literature according to tumour diameter are between 0-50%
for T1 tumours, 20-50% for T2 tumours, and 50-80% for
T3 tumours (30). In our study, these rates were calculated
as 20%, 46%, and 40%, respectively, indicating similarities
with the literature. In our study, no significant relationship
was found between primary tumour size and non-SLN
metastasis (p = 0.329). In addition, although a significant
difference was found in terms of SLN metastasis size
between the groups with and without non-SLN metastasis
in our study (p = 0.013), SLN metastasis size was also not
an independent predictive factor for non-SLN metastasis
(p = 0.128). While the Cambridge and TR nomogram
formulation was being created, SLN metastasis size was
found to be associated with non-SLN metastasis size and
was included in the formula (13,14). This relationship has
been confirmed in many publications, and it is seen that
local tumour burden has an effect on the development of
axillary lymph node metastases (31-33).
Currently, there are no instruments other than the
nomograms and scoring systems for the evaluation of
non-SLN metastasis in breast cancer patients with SLN
metastasis. The performances of these nomogram and
scoring systems give the most reliable and appropriate results
in the centres where they were developed. The reasons for
this are most likely patient inclusion criteria, biases in
sample selection, and inherent flaws in retrospective and
cross-sectional studies. In addition, the accuracy of different
nomograms varies in different centres as it becomes very
difficult to ensure data specificity and integrity as a result
of the problems arising from imaging processing and the
differences in data entry for pathological and histological
laboratory results. The narrow patient population selected
during the development of nomogram and scoring systems
is another factor limiting the general use of nomogram and
scoring systems. The purpose of nomogram and scoring
systems is not direct decision-making, but to guide them in
assessing risks and assist in joint decision making with the
patient for better treatment. Therefore, nomograms and
scoring systems need evaluation and validation of their use
in multiple centres.
CONCLUSION
In our study, it has been shown that currently available
nomograms do not have sufficient value for definite
predictive use. The most valuable nomogram in our study
is not the MSKCC nomogram, which is the most accepted
model today, but the nomogram developed by Gür and
colleagues. This may be because this nomogram was
developed with the Turkish patient population. In studies
to be conducted with more patients, the utility of the TR
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nomogram developed by Gür et al. must be assessed. In
conclusion, there is a need for further development of
existing nomograms in order to evaluate the possibility
of accurately detecting non-SLN metastasis in patients
with SLN-positive breast cancer and plan treatment
accordingly. Also, seeking other parameters that could
support nomogram outcomes may be necessary.
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