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Introduction

axillary lymph node dissection has been the tra-
ditional standard of care for breast cancer patients
with nodal metastases (1-3). nodal metastases are
very rarely diagnosed clinically and are generally iden-
tified by axillary ultrasound with fine needle aspiration
cytology or core biopsy of the suspicious axillary
lymph nodes (4-6). for patients with normal axillary
ultrasound, sentinel lymph node biopsy (snB) is per-
formed to confirm nodal metastases.

once nodal metastases are identified either via ax-
illary ultrasound or snB, axillary lymph node dis-

section is performed to achieve local disease control
(7, 8). This technique also provides accurate nodal
status to inform the decision to provide radiotherapy
to the supraclavicular region and influences decisions
on administering systemic therapy (9, 10).

an increased understanding of tumour biology in
recent years has suggested that other patient- and tu-
mour-related factors should also influence the decision
to treat patients with systemic therapy (11, 12). in
addition, early cancer detection by screening mam-
mograms leads to early management and reduced tu-
mour nodal involvement (13, 14). also in certain pa-
tients, adjuvant systemic treatment is needed despite
no lymph nodal involvement (15). These concepts
in addition to the fact that axillary lymph node dis-
section is associated with unacceptable risks of com-
plications (16-18) (seroma, infection, paraesthesia,
shoulder pain, weakness and lymphedema) has raised
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aim. Axillary lymph node dissection, although associated with
long-term morbidity, has been the standard of treatment for all node-
positive breast cancer patients. We assessed the risk prediction ability
(validity) of Memorial Sloan Kettering Cancer Center (MSKCC) no-
mogram for non-sentinel lymph node metastases and analysed the out-
come of patients with sentinel node metastases.

Patients and methods. All operable early breast cancer patients
with sentinel node macro metastases (size > 2mm) who underwent
axillary dissection from April 2009 to March 2015 were considered
eligible. The risk of non-sentinel lymph node metastases was calculated

using an online MSKCC calculator, and accuracy was determined ba-
sed on the area under the receiver-operating characteristic curve
(AUC-ROC). Tumour characteristics and overall survival were also
analysed as secondary end points.

results. Of 1745 patients who were diagnosed with operable
breast cancer during the study period, 114 patients were considered
eligible. The AUC-ROC was 0.66 suggestive of lesser accuracy in pre-
diction and not statistically significant (p value = 0.7303). Seventy-
six (50.7%) of these patients did not have any non-sentinel node me-
tastases. At a mean follow up of four years, the disease-free survival was
86.4% and overall survival rate was 88.4%. 

Conclusions. The MSKCC nomogram was unable to accurately
predict the risk in our cohort of patients with more than half of this
cohort of patients not requiring axillary dissection. These findings are
consistent with other European studies. This study thus highlights the
need for modified prediction model for European cohorts.
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questions as to the need for complete axillary lymph
node dissection in all patients with positive sentinel
node biopsies (19).

a variety of approaches have evolved in recent
years to identify groups of low-risk patients who could
safely avoid axillary lymph node dissection. The amer-
ican College of  surgeons oncology Group
(aCosoG) demonstrated in the Z0011 trial that
certain groups of patients can safely avoid lymph node
dissection without affecting local control or survival
(20, 21). These groups of patients have early stage
breast cancer with tumour sizes less than 5 cm and
have undergone lumpectomy with sentinel biopsy. if
they have clear margins and one or two positive nodes
without extra nodal extension or matting, they could
forego axillary lymph node dissection provided they
are treated with whole breast radiation postoperatively.
although it was considered as a practice changing
trial, the selection bias, difficulty in applying this
treatment to younger patients and those with invasive
lobular disease and the use of tangential field radiation
associated with the trial, limits the true clinical sig-
nificance of these findings (18-20). systemic review
and meta-analysis by ram et al. (22) was unable to
conclude favourably to avoid completion axillary node
dissection on sentinel node macro metastases. There
is currently a trial (23) in the united Kingdom, re-
cruiting patients to identify subgroup of patients with
1 or 2 nodal metastases who could avoid axillary dis-
section.

different prediction models have also been pub-
lished to identify the risk of non-sentinel lymph node
metastases (24). if patients have a low score, suggesting
that they are unlikely to have non-sentinel node metas-
tases, axillary lymph node dissection is avoided. a re-
view of these models indicated that the memorial
sloan Kettering Cancer Center (msKCC) model (25)
is robust despite some limitations (26, 27). This model
was validated by a total of 373 cases and the area
under the receiver-operating charac teristic curve
(auC) was 0.77, which proved to have a good diag-
nostic value.

The primary aim of our study was to apply the
tumour characteristics in the msKCC nomogram
and assess the risk prediction of non-sentinel node
metastases in a united Kingdom cohort. we also
analysed the clinical and pathological outcomes of
breast cancer patients who underwent axillary lymph
node dissection after positive snB.

Patients and methods

all breast cancer patients who underwent snB af-
ter meeting the criteria (histologically proven breast
cancer, negative axillary lymph nodes on palpation
and sonography) were included in the study from the
surgical database of southend university Hospital. 

for snB, we used either blue dye technique or
the combined technique using radio-isotope. Both
techniques have been described elsewhere in detail
(28). for blue dye technique, Patent Blue v was in-
jected subdermally in the periareolar region in the
upper outer quadrant of the cancerous breast prior
to surgery. for combined technique, 99mTc-nanocol
was injected at the same place 3 to 5 minutes prior to
the injection of blue dye. intraoperatively, the sentinel
lymph nodes (sln) were detected by the appearance
of blue node in the former procedure and the signal
is detected (hot) using a hand-held gamma probe
along with blue node in the latter procedure and sent
for pathological evaluation by haematoxylin–eosin
staining (H&e) and immunohistochemistry (iHC).

sentinel node is considered negative even if there
are isolated tumour cells and /or micro metastases
(less than 2mm in size) and considered positive if
they are more than 2mm in size by standard nodal
assessment or if there are any extra capsular spread
on micro metastasis. Patients with positive sentinel
lymph node biopsies were discussed in the multi-dis-
ciplinary meeting and offered level ii and, or level
iii axillary dissection provided no significant medical
comorbidities were noted. details regarding positive
snB and further axillary lymph node dissection were
obtained from histopathological reports. demograph-
ics and tumour characteristics were identified from
multi-disciplinary discussions. Clinical letters were
used to identify the follow-up of these patients, in-
cluding any significant events.

all analyses were conducted with The Graph Pad
software (Prism version 5). for numeric data, values
are expressed in median with percentages. numeric
data were analysed with student’s-t-test if normal
distribution and categoric data, with the Chi-
square-test or with fisher’s exact test.

The msKCC nomogram is a validated model to
estimate the predictive value of the involvement of
additional non-sentinel lymph node metastases. The
nomogram is accessed at http://nomograms.mskcc.
org/Breast/BreastadditionalnonslnmetastasesPage.a
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spx. nine independent variables, including whether
frozen sectioning was performed, pathological size,
tumour type and grade, number of positive and neg-
ative sentinel nodes, method of node detection, lym-
phovascular invasion, multifocality and oestrogen re-
ceptors status were uploaded into the msKCC online
calculator. 

Prediction scores were obtained and tabulated to
construct the roC curves, and the auC was calcu-
lated. further information on the methods of devel-
opment and internal validation are available on the
above internet site and the corresponding publication
(25).

The value of the auC is between 0.5 and 1.0.
The auC has a lower accuracy at 0.5 to 0.7 and a su-
perior accuracy in the range of 0.7 to 0.9; the auC
has high accuracy at values greater than 0.9.

Results

of the 1745 patients who received surgery for
breast cancer from april 2009 to march 2015, 1470
patients had sentinel lymph node biopsies. 117 pa-
tients had a positive sentinel node biopsy, with a pos-
itivity rate of 8%. Three patients were excluded as
two patients had neo adjuvant chemotherapy before
axillary lymph node dissection and one patient de-
clined surgery. The remaining 114 patients were con-
sidered eligible for the study.

Pathological factors of sentinel node metastases
The overall descriptive clinical and histopatholog-

ical characteristics of patients with positive sln biopsy
(n = 114) are shown in Table 1. The mean and median
ages were 59.5 and 61 years respectively (ranging 24
- 85). The mean and median tumour sizes were 20.6
and 21 mm respectively, ranging from 1 to 4.5 cm.
most of the tumours were invasive ductal carcinomas
(93%) and of higher grades (Grade ii, 53%; instead
of Grade iii, 48%). 

Tumours in 51 patients (44.7%) were associated
with lymphovascular invasion, and 107 (93.8%) tu-
mours were oestrogen positive. Tumours were pro-
gesterone positive in 84 patients (73.7%), and Her2
was overexpressed in 11.4% of patients. most patients
had wide local excision (78.9%), radiotherapy (86.8%)
and hormonal treatment (96.5%). letrozole (65.5%)
was the more frequently prescribed hormonal therapy,
and more than half of the patients received chemother-
apy (61.4%).

TABLE 1 - PaTienT and Tumour CHaraCTerisTiCs
of PaTienTs wHo underwenT aXillary lymPH
node disseCTion (alnd) afTer PosiTive sen-
Tinel node BioPsy.

Age (year)
median (range) n = 114                  61 (24-85)
< 50                                                 21
> 50                                                 93

Tumour size
median (range)                                21 mm (4-75)
T1 (< 20 mm)                                 45
T2 (20-50 mm)                               69

Tumour type
ductal cancer                                  93
lobular cancer                                 11
Tubular cancer                                4
mixed                                              6

Grade
Grade i                                            13
Grade ii                                           53
Grade iii                                         48

Tumour subtype
er positive/Her2 negative               94
Triple negative                                 5
Her2 positive                                   13

Receptor status
er positive                                      107
er negative                                     7
Pr positive                                      84
Pr negative                                     30

Lymphovascular invasion
Present                                             51
absent                                             63

Surgical management
wide local excision                          90
mastectomy                                     24

N stage after ALND
n1                                                   (1-3 nodes) 87
n2                                                   (4-9 nodes) 25
n3                                                   (≥10 nodes) 2
radiotherapy                                   99
Chemotherapy                                 70

Hormonal Treatment
letrozole                                          72
Tamoxifen                                       23
switch therapy                                 12
other aromatase inhibitor               3
no treatment                                   4
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most of the patients had n1 disease (87 patients,
76.3%). The median number of positive nodes de-
tected for patients with n1 disease was 1 and 4 for
those with n2 disease. The average number of nodes
obtained from the sentinel lymph node biopsy was
4.3. The median number of total axillary lymph nodes
identified from axillary lymph node dissection was
12 (range from 10 to 23). 

Nomogram
The auC-roC achieved by the msKCC nomo-

gram when predicting the risk of non-sln metastases
was 0.5304 (figure 1) with a 95% confidence interval
of 0.3527 to 0.7080. This result was not statistically
significant (p value = 0.7303). 

in conclusion, the msKCC nomogram does not
provide an accurate prediction of the probability of
non-sln metastasis in our cohort of sln-positive
breast cancer patients.

Survival
at a median follow-up of 37 months (range from

9 to 65 months), four significant events were noted.
one patient died during adjuvant chemotherapy,
another patient died of lung metastasis 28 months
after the initial treatment. Third patient died of gen-
eralised illness with no proven metastasis, and fourth

patient developed contralateral breast cancer 51
months after the initial treatment. overall there was
no axillary recurrences. The disease free survival was
86.4% and overall survival rate was 88.4%. 

Non-sentinel lymph node metastasis
a total of 38 patients of the 1470 patients (2.6%)

showed non-sln metastasis. The prevalence of
non-sln metastasis in the group of sln positive
patients was 33.3% (38 of 114 patients), with a
mean number of 2.87 involved lymph nodes.

Comparing the histopathological factors by pres-
ence or absence of further non-sln metastases as in
Table 2, only tumour size (p< 0.01) correlated sig-
nificantly with non-sln metastasis. Tumour grade,
histology, lymphovascular infiltration, type of
surgery and biologic features (oestrogen and proges-
terone receptor status, Her2/neu expression) of the
primary tumour did not correlate with the preva-
lence of non-sln metastasis.

Discussion and conclusions

sentinel lymph node biopsy has become widely
accepted as the preferred method for staging node-
negative breast cancer (16, 29, 30) while axillary

Figure 1 - The receiver operating curve (ROC)
calculation for all the patients using the Memo-
rial Sloan Kettering Cancer Center nomogram.
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lymph node dissection is recommended in patients
with a positive sentinel node biopsy.  However, with
the changing trend in breast cancer surgery towards
conservative approach, axillary lymph node dissection

is considered by many studies as overtreatment. This
is partly because only 50% of the patients with
metastatic disease have further axillary metastases
(31), as shown in our study where only 43.3% of the

TABLE 2 - COMPARISON OF HISTOPATHOLOGICAL FACTORS BY PRESENCE OR ABSENCE OF FURTHER NON-
SENTINEL LYMPH NODE METASTASES. 
 
PPaattiieenntt cchhaarraacctteerriissttiiccss AANNCC 00,, PPoossiittiivvee LLyymmpphh NNooddeess  

((nn==7766)) 
AANNCC 11 ++ PPoossiittiivvee LLyymmpphh NNooddeess 
 ((nn==3388)) 

pp vvaalluuee 

AAggee 
Median (Range) 
< 50 years 
50-69 years 
≥ 70 years 

 
61       (24-85) 
14        (18.4%) 
49        (64.5%) 
13        (17.1%) 

 
62           (35-83) 
5             (13.2%) 
20           (52.6%) 
13           (34.2%) 

 
 
0.11 

TTyyppee ooff ssuurrggeerryy 
Breast Conserving 
Mastectomy 

 
59        (77.6%) 
17        (22.4%) 

 
29          (76.3%) 
9            (23.7%) 

 
1 

TTuummoouurr ssiizzee iinn mmmm 
Median (Range) 
<20 mm 
20-30 mm 
>30 mm 
MGR5 (NACH) 

 
21        (4-70) 
34        (44.7%) 
29        (38.2%) 
13        (17.1%) 
 

 
23          (12-75) 
11          (28.9%) 
19          (50%) 
8            (21.1%) 
             

 
0.01 

MMoorrpphhoollooggyy ooff ttuummoouurr 
Ductal carcinoma 
Lobular Carcinoma 
Other types 

 
62        (81.6%) 
6          (7.9%) 
8          (10.5%) 

 
30          (78.9%) 
5            (13.2%) 
3            (7.9%) 

 
0.62 

TTuummoouurr GGrraaddee 
Grade 1  
Grade 2 
Grade 3 

 
11        (14.5%) 
32        (42.1%) 
33        (43.4%) 

 
2            (5.3%) 
21          (55.2%) 
15          (39.5%) 

 
0.23 

EERR ssttaattuuss 
Negative  
Positive 

 
6         (7.9%) 
70       (92.1%) 

 
1            (2.6%) 
37          (97.4%) 

 
0.42 

PPRR ssttaattuuss 
Negative 
Positive 

 
21       (27.6%) 
55       (72.4%) 

 
9            (23.7%) 
29          (76.3%) 

 
0.82 

HHeerr22 SSttaattuuss 
Negative 
Positive 

 
68       (89.5%) 
8         (10.5%) 

 
33         (86.8%) 
5            (13.2% 

 
0.75 

TTrriippllee NNeeggaattiivvee 
No 
Yes 

 
72       (94.7%) 
4         (5.3%) 

 
37          (97.4%) 
1            (2.6%) 

 
0.66 

MMuullttiiffooccaalliittyy 
No  
Yes 

 
72       (94.7%) 
4         (5.3%) 

 
37          (97.4%) 
1            (2.6%) 

 
0.66 

LLyymmpphhoovvaassccuullaarr IInnvvaassiioonn 
No  
Yes 

 
45       (59.2%) 
31       (40.8%) 

 
18         (47.4%) 
20         (52.6%) 

 
0.23 
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patients do have additional lymph nodal metastases.
Therefore completion axillary lymph node dissection
serves no therapeutic purpose in the remainder of the
patients and more importantly cause significant mor-
bidities (17, 18).

To overcome this tendency to over-treat, various
tools have been identified to predict the risk of addi-
tional positive axillary nodes (non-sentinel) after pos-
itive snB. if the risk prediction score is low (less than
10%), patients can safely avoid axillary lymph node
dissection. The risk of non-sentinel metastases corre-
lates with the size of the primary tumour, size of the
metastases, number of sentinel nodes involved, lym-
phovascular invasion and extra nodal tumour exten-
sion (32, 33). These prognostic characteristics are in-
corporated in the prediction models to predict the
risk of non-sentinel metastases. of those prediction
models, the msKCC model is one of the more valid
nomograms in various populations. Hence, we applied
our data to this model to identify the risk of additional
nodal involvement by drawing the roC curve and
calculating the auC. The value of the auC in our
study was 0.530, which indicates lower accuracy in
predicting the involvement of additional lymph nodes. 

literature review depicts the validation results
from different studies were heterogenous with more
accuracy obtained in american and australian studies
and mixed results in european studies. van Zee et
al. (n=373) (25), from msKCC obtained the roC
of 0.76, degnim et al. (n= 89) (34) and Cripe et al.
(n=92) (35) in usa obtained 0.86 and soni et al.
from australia (n=149) (36) achieved a roC of 0.75.
However German based study by Klar et al. (n=98)
(37) achieved only 0.58 and Pal et al. (n=118) (38)
from uK obtained 0.68. These low prediction score
in european studies is similar to our roC of 0.53
(n=114) which questions the recommendation of
msKCC as a worldwide prediction model. it also
highlights that there are some important contributing
factors other than simple geographical location for
lack of reproducibility of the msKCC model.

firstly, method of pathological assessment of sen-
tinel nodes varies with different studies. msKCC
model uses frozen section as method of detection of
metastases whilst other american and australian stud-
ies use imprint cytology as methods of detection.
These methods could possibly identify the isolated
tumour cells or micrometastasis as nodal metastases
compared to the Haematoxylin and eosin preparation
which accurately classify them. This could explain
the low prediction score in european studies which

do not use intraoperative frozen section or imprint
cytology as a marker for metastases. 

secondly, the size of the nodal metastases is not a
feature of msKCC model. Pal et al. in his revised
Cambridge model obtained the higher accuracy score
of 0.84 (from msKCC score of 0.68) adding the cri-
teria of the size of nodal metastases. it would be there-
fore appropriate to include the size as one of the pa-
rameter to obtain better accuracy among different
populations.

in conclusion, it is important to identify the low
risk group of breast cancer patients with nodal metas-
tases who are at a low risk of additional non-sentinel
metastases (39).

However to date there are no studies or models
which were able to define this group reliably although
Z0011 trial looks promising to redefine the axillary
management of certain group of patients.
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