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INTRODUCTION
Sentinel lymph node (SLN) is the first lymph node(s) in a
regional lymphatic basin to receive the lymphatic drainage
from a primary tumor. It has been shown that the lymph
flows in an orderly and predicted pattern and any metastatic
spread from a primary tumor will involve the sentinel node(s)
first, before involving other lymph nodes in that lymphatic
basin.1 The tumor status of the SLN could then help to predict
the histopathologic status of other lymph nodes draining the
tumor.2, 3 Although it is possible that at times, breast
metastasis may skip pass the SLN to involve the second-tier or
a higher-level node, this phenomenon is thought to be an
uncommon variant of the lymphatic pattern.4, 5, 6 Studies have
also shown a low axillary recurrence rate in the follow-up of
patients with negative SLN.7, 8, 9

For many years, removal of primary breast cancer along with
axillary lymph node dissection (ALND) was considered a
“gold standard” in the treatment of breast cancer with
clinically negative node. Although the pathological status of
axillary lymph nodes (ALNs) is the most important
prognostic factor and plays an important role in planning
subsequent adjuvant therapy, prophylactic axillary
dissection confers no significant benefit to the overall survival
other than increasing the patients’ short- and long-term
morbidities. A SLN free from tumor metastasis would have
excluded tumor spread to the at-risk regional lymphatic
basin and conversely, a positive SLN with tumor invasion will
require ALND to achieve perhaps marginal benefit of
reducing the chance of recurrence.10, 11, 12

Over the last two decades, sentinel lymph node biopsy (SLNB)
has emerged as a widely accepted treatment option
compared to the conventional ALND. It is likely to evolve into
a new standard procedure for the management of early
breast cancer in the future. SLNB and proper identification of
the SLN requires multidisciplinary expertise.13, 14 Without
proper training, there is a steep learning curve in acquiring
the skill.14, 15, 16 Studies have shown a wide range of SLN
identification and false-negative rates17, 18 where success rate
is frequently lower in the early stage of introducing this
approach. A high false-negative rate in inexperienced hands
may compromise the standard of care for patients with early
breast cancer. It is thus recommended that sentinel node

skills verification should be conducted before introducing SLN
based management in any institution.19, 20 The recommended
number of cases to confirm a surgeon’s competency in this
technique is 20-40 SLNB procedures in combination with
completion ALND. 16, 18, 21, 22, 23 

To the best of our knowledge, there are a fair number of
surgeons performing SLNB routinely at various institutions in
Malaysia but there is no published institutional validation
study for Malaysia to date. We hope this study will assist us
in evaluating the technical proficiency and collaborative
outcome of a multidisciplinary team in this area before
offering this option to patients in a tertiary center at the
southern region of Malaysia.

MATERIALS AND METHODS
Study design
This prospective study on SLNB skill and performance
validation involved a multidisciplinary team of 3 specialties
namely surgery, nuclear medicine and pathology. The
settings were at the Hospital Sultanah Aminah and the
Hospital Sultan Ismail in Johor Bahru which were the two
main tertiary referral hospitals in Southern Malaysia. The
study was carried out from September 2010 to December
2012. All patients with clinically node-negative breast cancer
irrespective of the size of the primary tumor were included in
the study. Verbal and written consent were obtained from all
patients. Their operations were all performed by the same
surgeon who was a qualified breast surgeon.

SLN mapping and SLNB
A standard protocol using a combination of radiotracer and
blue dye was used to locate and identify the SLNs. Pre-
operative axillary lymphoscintigraphy was carried out a day
before the surgery. All patients received a single subareolar
injection of radiotracer at the radial position of the tumor.
The radiotracer used was 0.2ml of 40MBq 99mTc-labeled
colloidal rhenium sulphide (Nanocis®) consistent with
protocols practiced in other centres. 24, 25, 26, 27 In addition,
peritumoral injection may be given concomitantly especially
to patients whose tumor involved the inner quadrants at the
discretion of the nuclear physician where, four peritumoral
injections, each with 0.2ml of 20MBq of radiotracer were
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given around the tumor at 3, 6, 9 and 12 o’clock positions at
the depth of the tumor site. All the injected sites were
massaged 28 gently for 5 minutes. Static lymphoscintigraphy
was performed in anterior and antero-oblique projections at
10 minutes and two hours post-injection. The locations of the
axillary SLNs were marked on the skin with indelible ink.

The following day, after induction of anesthesia, a total of 1-
2 mls of patent blue V (Guerbet®) was injected. The
technique and the methodology of the blue dye injection
were left to the discretion of the operating surgeon who may
inject at the subareolar, periareolar, intradermal or
peritumoral sites singly or in combination. Intra-operative

identification of SLN(s) was done with hand-held gamma
probe and blue dye visual mapping. The excised SLN were
labelled as “hot & blue”, if it was identified by both
radiotracer and blue-dye, “hot-only” if it contained only
radiotracer and “blue-only” if it was detected by blue-dye
only. Following SLNB, wide local excision or mastectomy
along with completion ALND was performed for all patients.

Histopathological examination
All SLNs harvested were fixed in 10% buffered formalin at a
neutral pH of 7 and submitted to the laboratory for
processing. The nodes were examined and processed as a
whole if the size were less than 5 mm in greatest diameter but

Table I: The clinico-pathological features of patients with clinically node-negative breast cancer (n=24).
Features No
Age (years)

Range 34-81
Median 52
< 50 years 11
> 50 years 13

Ethnic background
Malay 13
Chinese 8
Indian 1
Others 2

Tumor locationa
Upper outer quadrant 10
Lower outer quadrant 5
Upper inner quadrant 7
Lower inner quadrant 0
Central 2

Tumor sizeb
Range (mm) 10-55
Median (mm) 27
T1 stage (≤20mm) 9
T2 stage (21-50mm) 14
T3 stage (>50mm) 1

Tumor typeb
Invasive ductal 23
Invasive lobular 1

Tumor multiplicitya, b
Unifocal 23
Multifocal 1

Histologic gradeb
I 7
II 11
III 5

Surgery type
Total mastectomy 15
Wide local excision 9

a Clinical examination findings
b Histo-pathological findings

Table II: Histopathological status of SLN and non-sentinel ALN for metastases
Group SLN status Non-sentinel ALN status No. of patients
A Positive Positive 3
B Positive Negative 5a
C Negative Positive 3
D Negative Negative 13

Total: 24
a One patient had a positive intramammary node besides her 2 metastatic SLNs.
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Table III: The clinicopathological features of the 3 cases of false-negative SLN
Features Case 1 Case 2 Case 3
Age 60 year 53 year 56 year
Tumor size:

Clinical palpation: 2.5cm 3cm 3.5cm
HPE report: 20x15x20mm 30x40x20mm 25x20x55mm

Tumor location Upper inner quadrant Superficially at center Superficially at center quadrant, at 
quadrant, at the lower retroareolar region
outer part of areolar.

Tumor type Invasive ductal Invasive ductal Invasive ductal
Tumor grade Grade II Grade I Grade III
Injection technique Subareolar only for radiotracer. Subareolar only for both Subareolar only for both radiotracer 

Subareolar & peritumoral radiotracer &  blue-dye. & blue-dye.
for blue-dye.

No. of SLN identified 1 1 3
during pre-operative 
lymphosintigraphy 
No. of SLN removed & its SLN1(H&B), SLN1(H&B) SLN1(H&B), SLN2(H&B), SLN3(H&B)
labeling SLN2(H-only)
No. of lymph node removed 11 12 10
during completion ALND
No. of metastatic non-SLN 1 1 1
node and HPE report (subcapsular micrometastasis) (metastases reported in (5mm macrometastasis)

all 6 blocks).

SLN = sentinel lymph node; H&B = hot & blue; H-only = hot-only.

Fig. 1: Illustrates possible types of sentinel lymphatic channels
for a superficial and larger subareolar tumor. Lymphatic
drainage in the breast tissue tends to flow towards the
superficial (subdermal) region and finally join the
superficial sentinel lymphatic channel (SSLC) to enter into
the axillary nodal basin. Subareolar injection approach
helps to map out the SSLC but is unlikely to track the
other penetrating sentinel lymphatic channel (PSLC) or
deep sentinel lymphatic channel (DSLC).

Fig. 2: Illustrates an in-transit node (red arrow) with prominent
focal uptake at 10minutes post-injection that quickly
faded at images taken 2 hours later. Without careful
lymphoscintigraphy, such in-transit node would have
passed unnoticed due to the transient radiotracer
uptake.
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halved if they were 5 to 10 mm in diameter. Nodes larger
than 10 mm in diameter were cut into blocks of 5 mm
thickness each and processed as individual blocks. For each
individual block, one initial hematoxylin and eosin (H&E)
stained section was done and screened. If this was negative
for metastasis, multiple-level sectioning was done for a
further 50 levels. For each level, 4um-thick sections were
taken and stained with H&E stain. At every 7th level,
immunohistochemical (IHC) stain for AE1/AE3 was done.

All other surgical specimens consisting of breast tissue and
lymph nodes from axillary clearance were sent for routine
HPE.

Data analysis
The results of this study are presented using descriptive
statistics. The two important parameters are the SLN
identification rate and the SLN false negative (FN) rate. The
SLN identification rate is the proportion of successful SLN
localization and removal in all patients undergoing the SLNB
procedure. A FN SLN refers to the situation where the patient
had no metastasis in the SLN(s) but metastasis was detected
in other axillary clearance node(s). The rate for false-
negativity in this study is calculated based on the number of
FN SLN in comparison to the total number of nodal-positive
cases.

This study was conducted in accordance to the ethical
standards of the Declaration of Helsinki and received ethical
clearance from the Medical Research Ethical Committee of
Ministry of Health Malaysia (NMRR-08-575-1730)

RESULTS
A total of 25 patients were enrolled in the study during the
period from September, 2010 till December, 2012. One
patient was excluded following HPE finding of a benign
tumor. The clinico-pathological features of the remainder 24
patients included in this study are depicted in Table I.

All the patients received subareolar radiotracer injection with
four patients receiving additional peritumoral injection.
Intraoperative blue-dye was also administered to all the
patients using different approaches such as
subareolar/periareolar and peritumoral (n=8),
subareolar/periareolar only (n=10), peritumoral only (n=4)
and intradermal only (n=2). SLNs were identified in all the 24
patients giving an identification rate of 100%. No extra-
axillary node was identified during the pre-operative
lymphoscintigraphy. A total of 48 SLNs were harvested with
an average of 2 SLNs removed per patient (range 1-4). The
majority of SLNs were identified as “hot & blue” (n=33, 69%),
12(25%) as “hot-only” and the remaining 3(6%) as “blue-
only”. None of the nodes identified as “hot-only” or “blue-
only” was positive for metastasis. All patients had a level-II
axillary lymph node clearance. A total of 301 lymph nodes
were removed giving a mean of 12.5 non-sentinel ALNs
removed from each patient at completion ALND (range 7-
22).

The histopathological status of SLNs and non-sentinel ALNs
in this study is shown in Table II. Eleven patients (46%) who

were those in group A, B and C were positive for nodal
metastases on HPE. There were 3 patients who had FN SLN in
which metastasis was identified in non-sentinel ALNs but not
in their SLNs. The FN rate in this study was calculated to be
3/11 (27%).

The dissected axillary tissues were routinely examined for
palpable suspicious nodes. In this study, 5 such non-sentinel
ALNs which were “neither hot nor blue” were identified. One
node was later confirmed to be positive for metastasis and
this case constituted one of the three FN cases.

Metastases were reported in 11 out of the 48(23%) SLNs
harvested compared with 9 out of the 301(3%) ALNs removed
during completion ALND. If conventional ALND were
performed, the detection rate for nodal metastases was
calculated to be 6% (20/349) only. Among those patents with
axillary nodal metastases, the mean number of positive
nodes was 1.7 per patient (range 1–3).

Micrometastases (metastases measuring 0.2 to 2.0mm) were
reported in the SLNs of 2 patients. In one of these cases, SLNs
were the only positive nodes. The initial sectioning using H&E
stain for this patient was reported negative for metastasis but
subsequent serial level sectioning of the same node showed
positive tumor deposit with IHC staining. Additional H&E
staining done for a level adjacent to the above showed
similar finding. In the second case, micrometastases were
present in both the harvested SLNs alongside with
macrometastasis (metastases measuring >2.0mm) in 1 of the
15 nodes removed during completion ALND.

DISCUSSION
The clinico-pathological features of the study cohort mirrored
the breast cancer demography in Malaysia where breast
cancer tends to be diagnosed with a peak age-standardized
rate in the 50-59 years age group.30, 31 Their ethnicity also
reflected those of patients seeking treatment at Ministry of
Health hospitals in Malaysia which largely cater to the lower
socioeconomic group.31 A significant number present late
with large tumor size (>2cm) at the time of diagnosis as
reflected in our study, where 62.5% of our subjects had tumor
> 2cm. Consistent with studies reported in other countries,
most of the tumors in our cohort were invasive ductal
carcinoma located at the upper outer quadrant of the
breast.32, 33, 34

Technical approach
In most instances, SLNs were identified concordantly by both
radiotracer and blue dye. We had observed that in those
patients having more than one SLN, the lymphatic channels
visualized by blue-dye mapping were frequently destroyed or
displaced following surgical removal of the first SLN. The
concomitant “hot” radioactivity enabled us to detect
subsequent “blue” nodes which may otherwise have been
difficult. This approach using a combination of radiotracer
and blue dye facilitated the removal of an increased number
of labeled SLNs and therefore improve the identification rate
and minimize the FN rate. Radiotracer appeared to be more
sensitive in identifying multiple SLNs when compared to
blue-dye as reflected in our results. The use of blue dye alone

11-Skill00069_3-PRIMARY.qxd  12/30/16  12:21 AM  Page 278



Skill validation study on sentinel lymph node biopsy in breast cancer 

Med J Malaysia Vol 71 No 5 October 2016 279

has been shown to be associated with higher FN rate. 35, 36

Our study showed that SLNB yielded a higher rate for the
detection of breast cancer metastases (23%, 11/48) compared
to ALND (6%, 20/349). If the SLNB approach is practiced
instead of conventional ALND, far less nodal specimens will
be submitted for histopathology reporting thus enabling a
more comprehensive review.

False-negative node
A high FN rate will adversely affect patients’ management
and prognosis. We therefore reviewed the 3 cases of FN SLN
in our cohort to elicit possible contributory factors as seen in
Table III.

Patients’ age may affect the ability to identify the SLN where
increasing age was associated with greater difficulty in
identifying SLNs,33, 37, 38 but this had not been shown to
increase the FN rate39. Though it was reported that there is
no significant relationship between FN rate and tumor size
when categorized by T-stage, 39, 40, 41 there is also limited data
to support the use of SLNB in tumors greater than 3cm. No
significant relationship was noted between FN rate and
tumor location or tumor histology,39, 40 but tumor grading39,
tumor multifocality42 and the number of SLN harvested34, 39

have been found to affect the FN rate.

In case-1 of our study, there was good agreement and
concordant finding in the harvested SLN using a
combination of radiotracer and blue-dye injected at the
subareolar and peritumoral sites. We were unable to identify
any distinctive clinico-pathologic feature or modifiable
technical approach which could explain the FN SLN seen in
this patient. The FN SLN may be attributed to an axillary skip
metastasis described previously4, 5, 6, 43 where as a result of
variation in lymphatic drainage or for unknown reasons, the
cancer cells appear to “skip” pass the SLN and spread to other
non-sentinel ALN.

Both patients described in case-2 and -3 have relatively more
superficial and larger primary tumor located at the
subareolar region and in both cases, only subareolar
injections were given. There may be several explanations for
the FN SLNs seen here. Firstly, given the close proximity of the
primary tumor next to the subareolar plexus of Sappey,
metastasis might have occurred early. In such an advanced
tumor, the true SLN might have been heavily infiltrated with
metastatic deposits causing blockage of lymphatic channels
and diversion of lymph flow to other ALNs. The harvested
SLN mapped out by the radiotracer and/or blue-dye may not
be the true SLN then. Secondly, as a result of the pressure
exerted from the primary tumor itself, the usual pattern of
lymphatic flow and communicating vessels from the tumor
to the superficial sentinel lymphatic channel (SSLC)44, 45 might
have been compromised. This caused preferential or
redirection of flow through the deep sentinel lymphatic
channel (DSLC) or the penetrating sentinel lymphatic
channel (PSLC)45 into the axillary basin where the SLNs for
these channels may be different from the SLN of the
SSLC(Figure 1). The demarcated lymph flow by the
radiotracer or blue-dye using the subareolar injection
approach alone may not be representative of the actual
lymphatic drainage. We therefore proposed that if at all

SLNB is being considered for a relative superficial and large
tumor at the central quadrant, both the peritumoral and
subareolar/periareolar approaches should be used
concurrently for SLN mapping. Nevertheless, this hypothesis
needs to be substantiated by a larger study.

It was noted that in case-2, our surgeon had identified a
palpable suspicious node which was “neither hot nor blue”
during surgery. This node was removed along with the
dissected axillary tissue and later found to be positive for
metastases. On retrospective review, if that suspicious node
was identified as a SLN in the first instance, our FN rate
would be reduced. This finding support the approach that
during SLNB, surgeon should remove any indurated or
suspicious node in the surgical bed, even if it is not labeled by
radiotracer or blue-dye.46

In-transit node
In one of our patients, a metastatic node which was not
identified during surgery was found within the upper-outer
quadrant of the dissected breast tissue specimen which we
identified as an intramammary47, 48, 49 in-transit50 node
described in previous studies. Intramammary lymph node
can be differentiated from a low ALN by the fact that it is
surrounded by the breast tissue. However, according to the
American Joint Committee on Cancer (AJCC) and Union
International Contra la Cancrum (UICC) TNM staging,
intramammary lymph nodes are coded as ALN for staging
purposes. In-transit lymph nodes are those lymph nodes that
are in close contact with a lymphatic channel connecting
between the primary tumor and a regional lymphatic basin.
They are usually small and may lie in close proximity to the
tumor site. Although in-transit node may not be universally
recognized as a SLN, it may be the first lymph node to be
affected by the tumor cells and if left in situ, in-transit node
harboring metastases may pose as potential source for
locoregional recurrence.51

In this particular patient, besides having a metastatic SLN, a
positive intramammary lymph node was also reported and
noted to be almost effaced by the tumour cells. Retrospective
review of her lymphoscintigram done at 10min post-injection
showed a prominent focal uptake close to the injected site
which quickly faded at images taken 2 hours later (Figure 2)
which was likely due to her in-transit node . Due to its close
proximity to the injected site and the transient nature of
radiotracer uptake after injection, nuclear medicine
physicians may need a high index of suspicion when it comes
to identifying its presence with dynamic or sequential
lymphoscintigraphy imaging immediately or shortly
following injection. A preoperative mammography screening
and ultrasound examination may aid in its detection as well.

Micrometastases
Careful and meticulous HPE of the SLN should be carried out
with multiple-level sectioning.51 The importance of doing
multiple sectioning cannot be overemphasized. In our study,
micrometastases could have been missed in 2 patients if
multiple sectioning was not performed. Retrospective
reexamination of the involved lymph nodes showed that all
nodal tumor deposits could be detected using H&E stain
alone but IHC increased the sensitivity of detecting small
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metastases. Detailed, definitive HPE of the SLN by serial
sectioning and IHC help in the detection of occult metastases
and improve the diagnostic accuracy.

In one of these 2 cases with micrometastases, we noted that it
is possible for the metastases at the second-echelon or higher-
level nodes to appear more extensive than the SLN itself. A
micrometastatic SLN may still have up to 15%52, 53, 54, 55 chance
of a non-sentinel, macrometastatic ALN and if this
micrometastatic SLN remained undetected, it may contribute
to a misleading impression of a skip-lesion or FN SLN. 52, 53, 54, 55

It has been reported that among the group of patients having
SLN metastases of ≤2 mm, solitary axillary macrometastases
was found in about 10% of them.52 A great proportion (90%)
of these micrometastases were found in patients having
T1c/T2 breast tumors.52 Another study reported that none of
those having a primary tumor size of ≤1 cm had second
echelon lymph node involvement.53 Although many studies
have shown that ALND may be avoided if SLNs were found
to harbor only micrometastatic tumor, clinicians should
consider this recommendation with caution and take into
account the existing tumor size52, 54, 55 and various factors such
as tumor multiplicity, possible lymphovascular invasion55
and plan for post-operative radiation therapy in their
decision-making.

CONCLUSION
This skill validation study showed an impressive SLN
identification rate but an unacceptably high FN rate in the
detection of nodal metastases which may be contributed by
several factors. A relook into our choice of SLN injection
techniques may offer some possible explanation to the FN
SLNs where a “one-size-fits-all” injection approach using
subareolar technique may not be appropriate for every
patient. Peritumoral injection may provide a better option for
patients with a relatively superficial and larger tumor at the
central quadrant, however further studies on a larger scale
will be required to substantiate this hypothesis. The possible
existence of intramammary, in-transit nodes should be
considered as these nodes may easily remained undetected
without a careful pre-operative lymphoscintigraphy,
mammography and/or ultrasound examination. Surgeons
should regard intraoperative, palpable suspicious nodes as
SLNs even if these nodes are not labeled with radiotracer or
blue-dye. In addition, multiple sectioning of SLN is important
to detect micrometastases. Besides conventional HPE with
H&E stain, additional IHC stain may be used to improve
diagnosis and reduced false-negativity in selected SLN-
negative patients. Decision to proceed or to omit ALND
following confirmation of a positive micrometastatic SLN
should be evaluated together with other associated
compounding factors.

In order to achieve a high standard of accuracy and practice,
multidisciplinary collaboration between surgeons, nuclear
medicine physicians and pathologists is necessary. Based on
the findings of this study, our multi-disciplinary team will
review the standard protocols for patient selection, pre-
operative lymphoscintigraphy, intra-operative mapping and
post-operative HPE in order to improve the outcome of SLNB

in the management of early breast cancer. Hopefully, future
validation study will show an improved outcome that will
support the incorporation of SLNB into our clinical services.
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