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Abstract

Background: Examination of sentinel lymph node (SLN) biopsies provides accurate nodal staging for breast
cancer and plays a key role in patient management. Procurement of SLNs and the methods used to process
specimens are equally important. Increasing the level of detail in histopathological examination of SLNs increases
detection of metastatic tumours but will also increase the burden of busy laboratories and thus may not be carried
out routinely. Recommendation of a reasonable standard in SLN examination is required to ensure high sensitivity
of results while maintaining a manageable practice workload. Materials and Methods: Twenty-four patients with
clinically node-negative breast cancer were recruited. Combined radiotracer and blue dye methods were used for
identification of SLNs. The nodes were thinly sliced and embedded. Serial sectioning and immunohistochemical
(IHC) staining against AE1/AE3 were performed if initial H&E sections of the blocks were negative. Results:
SLNs were successfully identified in all patients. Ten cases had nodal metastases with 7 detected in SLNs and 3
detected only in axillary nodes (false negative rate, FNR=30%). Some 5 out of 7 metastatic lesions in the SLNs
(71.4%) were detected in initial sections of the thinly sliced tissue. Serial sectioning detected the remaining two
cases with either micrometastases or isolated tumour cells (ITC). Conclusions: Thin slicing of tissue to 3-5mm
thickness and serial sectioning improved the detection of micro and macro-metastases but the additional burden
of serial sectioning gave low yield of micrometastases or ITC and may not be cost effective. IHC validation did
not further increase sensitivity of detection. Therefore its use should only be limited to confirmation of suspicious
lesions. False negative cases where SLNs were not involved could be due to skipped metastases to non-sentinel
nodes or poor technique during procurement, resulting in missed detection of actual SLNs.
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et al., 1994; Giuliano et al., 1995; Albertini et al., 1996;
Giuliano et al., 1997).

However, procurement and detailed assessment of
SLN biopsies is fraught with potential problems and

Introduction

It is well accepted that axillary nodal status is one of
the most important prognostic factors for patients with

breast cancers predicting recurrence and survival (Wilking
et al., 1992; Dauway et al., 1999); as well as determining
subsequent adjuvant therapy. However, axillary nodal
clearance carries significant morbidity (Lin et al., 1993)
including lymphedema, shoulder motion restriction and
paraesthesia. Proper identification of true sentinel lymph
nodes (SLNs) and detailed histopathological examination
predicts with a high degree of accuracy the presence or
absence of metastases in the remaining axillary nodes
(Giuliano et al., 1994; Turner et al., 1997; Veronesi et
al., 1997; Borgstein et al., 1998; Krag et al., 1998; Cox
et al., 2000). Sentinel lymph node biopsy, without the
associated morbidity, (Veronesi et al., 1997; Krag et al.,
1998) has thus gained popularity as an alternative to
standard axillary lymph node (ALN) clearance (Giuliano

controversies (Chagpar et al., 2003; Jakub et al., 2003).
Firstly, detection of sentinel nodes as the first regional
lymph nodes to receive drainage from the breast is of
paramount importance. It should be done in the proper
manner with combined radiotracer and blue dye technique
(Vijayakumar et al., 2005; Goyal et al., 2006) and
procured by an experienced surgeon (Cody et al., 1999;
Vijayakumar et al., 2005) to prevent missed detection of
the actual SLNs.

Previous authors have reported that increasing the level
of detail in histopathological examination of SLNs would
improve the identification of nodal disease (Jannink et al.,
1998; Cserni, 1999; Turner et al., 1999; Weaver et al.,
2000; Torrenga et al.,2001; Grabau et al.,2011; Andersson
et al., 2013). However, optimal tissue processing with
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cost-effective methods of histopathological examination
of SLN is necessary. A modified procedure should be
adapted for use in a routine practice without unnecessarily
over-stretching workload and laboratory budget. However
no consensus exists for a protocol that ensures a reasonable
workload and cost-effect while maintaining a clinically
acceptable sensitivity for detection of nodal disease
(Turner et al., 1997; Snider et al., 1999; van Diest, 1999;
van Diest et al., 1999; Veronesi et al., 1999).

In this study we examine the yield of SLNs assessment
using a modified detailed histopathological examination
in a routine laboratory practice.

Materials and Methods

This is a prospective pilot study where patients with
clinically node-negative breast cancers irrespective of
tumour size were recruited between the period September
2010 and December 2012 in our hospital. All patients gave
verbal and written consent to the procedure.

In each patient, SLNs were identified and located using
a combination of technetium radiotracer and blue dye pre-
operatively and operatively if necessary. The identified
nodes were harvested, separately labelled and sent to the
laboratory. In the same operation the patients had either
wide local excision or mastectomy with simultaneous
axillary clearance as originally planned irrespective of
SLN status.

All SLNs obtained were fixed in 10% buffered
formalin at a neutral pH of 7 and labelled accordingly
before submitting to the laboratory for processing. Nodes
under Smm in diameter were examined and processed
as a whole and nodes 5-10mm in diameter were halved.
Nodes larger than 10 mm in diameter were thinly sliced
into blocks of 3 to 5 mm thickness each and processed as
individual blocks. For each individual block, one initial
Haematoxylin and Eosin (H&E) stained section was
done and screened. If these sections were negative for
metastasis, serial sectioning was further done sequentially
for 200 microns (0.2 mm); equivalent to approximately 50
sequential levels. For each level except every 7" step level,
4 uym-thick sections were stained with H&E. At every 7th
step level, IHC staining for AE1/AE3 was done. Tumours
larger than 0.2 mm but less than or equal to 2.0mm were
classified as micrometastases and any tumour larger than
2.0 mm were macrometastases. Isolated tumour cells
(ITC) were defined as single or a group of tumour cells
aggregating to less than 0.2 mm.

Histopathological examination of subsequent wide
local excision of the breast tumour or mastectomy with
axillary node clearance was performed routinely. The
results of this study were presented using descriptive
statistics.

Results

Twenty four patients with clinically node-negative
breast carcinomas were included in the study. Their ages
ranged from 34 to 81 years with a median of 52 years. All
patients but one had unifocal invasive ductal carcinomas.
One patient had invasive lobular carcinoma with
multifocal locations in the breast. The unifocal tumours in
the remaining 23 patients were predominantly located at
the upper outer quadrant (41.7%) or upper inner quadrant
(29.2%). The size of the breast tumours ranged from 10.0
to 55.0 mm with a median of 27.5 mm in greatest diameter.

Sentinel lymph nodes were identified in all 24 patients
(100%) with combination of the radiotracer technetium
and blue dye. A total of 45 sentinel nodes were harvested
with an average of 1.9 sentinel nodes per patient. A
further 315 non-sentinel lymph nodes were removed in
the axillary basin with the excision of the tumour. The
patients had between 7 to 22 non-sentinel nodes removed
with a mean of 13.1 non-SLNs per patient.

Altogether, 121 paraffin blocks were made from
sentinel nodes harvested, with a mean of 5.0 blocks per
patient. Initial H&E sections of the thinly sliced blocks
showed tumour in 5 cases. The metastatic tumours in
these 5 cases were equal or more than 2 mm in diameter
(macrometastases). One of these 5 cases had concurrent

Figure 1. A: Photomicrograph of sentinel lymph node
with small focus of carcinoma (isolated tumour cells)
indicated with an arrow (H&E, original magnification
x100). B: shows the metastatic carcinoma in the SLN
confirmed by AE1/3 stain (IHC stain with AE1/AE3,
original magnification x100)

Table 1. Showing the Workload to Process the Sentinel Lymph Nodes with the Resultant Outcomes

No. of cases | Total SLNs | SLNs /case | Total Blks

Blks /case

H&E sections | H&E /case | No of IHC | IHC /case

24 45 1.9 121 5

121 5 0 0

All tumours in the SLNs were macrometastases

Outcome: 5 cases detected with tumour in initial H&E sections = 5/24 (20.8%), one of which also had non-SLN metastases.

19

(remaining) 34

1.8 93

49

4655 245 651 342

isolated tumour clusters in the SLN, less than 0.2mm [pNO (i+)]

Outcome: 2 cases detected with tumour in serial sectioning :one of which also had non-SLN metastases and the other had
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axillary nodal metastases.

The remaining 19 cases or 93 blocks of SLNs had
no tumour in initial H&E sections. Subsequently, each
block was serially sectioned upto 200 microns giving
approximately 50 additional levels stained with H&E
and THC validation at every 7th step. A total of 4655
H&E sections and 651 sections for IHC staining were
done (Table 1). 2 cases showed metastatic tumour after
serial levelling of H&E sections. One case had a group of
tumour cells, aggregating to less than 0.2 mm. This tumour
was classified as isolated tumour cells (ITC) (Figure 1A).
The second case had tumour measuring 1 mm in diameter
(micrometastases) but also had positive lymph nodes in
the axillary dissection. IHC validation with AE1/AE3

antibodies (Figure 1B) confirmed the presence of both
these tumours in the SLNs but did not pick up any further
cases of metastases in the other remaining 17 cases.

In summary, 7 cases were found to have SLNs
metastases. 5 (71.4%) were found at initial H&E sections
of the thin blocks and 2 (28.6%) on further serial
sectioning. Our study found that if metastatic disease
existed in SLNs, superficial initial section examination
would miss detection in 28.6% of cases but tumour missed
were either micrometastases or isolated tumour cells. No
macrometastases were missed.

Altogether, 10 of our 24 cases included in this study
(41.7%) had nodal metastases. SLNs were the only site
of metastases in 5 out of 10 cases (50%). Two cases

Table 2. Showing Status of Sentinel and Axillary Lymph Nodes (non-SLNs) in Patients with Breast Carcinomas

(n=24)

Methods used to detect metastatic tumours in SLNs

Tumour positive in initial H&E sections in thin blocks SLNs
Tumour positive in serial sectionings / IHC of SLNs

No tumour visualised in SLNs (in all methods used above)
Grand Total (number of cases)

Total
ALN -ve ALN+ve (No. oof cases)
4 1 >
1 1 2
14 *3 17
19 3 24

*SLNs = sentinel lymph nodes; ALNs = axillary lymph nodes that were non-sentinel nodes found in axillary clearance; ALNSs -ve = no metastatic
tumour in ALNs; ALNs +ve = metastatic tumours in ALNs; *3 = False negative cases (tumour not detected in SLNs but detected in ALNS).

Table 3. Breast Carcinoma Cases with Nodal Metastases

No 1\;})' Level where State of Lareest Total
loTumour ’ Mets in SLN tumour No.of | ALNSs arg
Case . of blks . . IHC size of nodes
size :Level of sections found in ALNs (Non- .
SLNs | of SINs SLNs) Mets involved
SLN
Initial section
1 30.0 mm 4 7 of all 4 blks: 2 1 Not done 12 AH. SLN:12.0 1/8
Negative mm
SLNs+
Initial section of
2 22.0 mm 2 12 only 2 of 12 blks: 1* Not done 11 NeA;tlive SLII;II'HZ'O 1/13
1 SLN+ g
Initial section in o All SLN: 12.0
3 170mm o1 2| both blks: 1 SLN+ ! Notdone |6 | \ooative | mm 177
Initial section in 1 « All SLN:
4 200 mm 2 2 of blks: 1 SLN+ ! Not done 16 Negative 2.0mm 118
Initial section in « Positive | SLN: 10.0
5 25.0 mm 3 5 all blks: 3 SLNs+ 1 Not done 16 in8/16 mm 11/19
Serial section in 2 | BlkA3: S19, . All )
6 50.0 mm 1 6 of 6 blks: 1 SLN+ | BIk A5: S7 Positive 23 Negative SLN:ITC 1/24
Serial section BIkA: §2-6,
7 | 100mm | 2 2 | inall 2blks:2 | BEBISS pogitive | 15 | Positive | SEN:LO
onwards (42 in 2/15 mm
SLNs+
levels)
Positive
8 20.0 mm 1 3 None in SLN None Negative 11 in 1 of Non-SLN: 1/12
1 1.0mm
Positive .
9 | 200mm | 1 3 None in SLN None | Negative | 12 | intof |NOWSENE 3
12 12.0 mm
Positive
10 | 550mm | 3 5 None in SLN None | Negative | 10 | inlof |NOWSENT| 13
10 5.0 mm
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Joon-Joon Khoo et al

had tumour in both SLNs and axillary lymph nodes.
Additionally, there were three cases (30%) of axillary
nodal metastases where no tumour was found in all thinly
sliced tissue blocks of SLNs despite serial levelling and
IHC validation. These were classified as a false-negative
SLN examination result. The metastatic tumours found
in axillary nodes of these 3 false-negative cases varied
between 1 to 10 mm in diameter (both micro- and
macrometastases). Table 2 summarizes the sentinel and
axillary lymph nodes status for all 24 cases of clinically
node-negative breast carcinomas.

Characteristics of the 10 cases of node-positive breast
carcinoma patients are summarized in Table 3. Tumours
found in the nodes varied between ITC to a size of 12.0
mm in diameter. Between one to 11 nodes were involved
in each patient. The primary breast tumour size of node-
positive patients varied between 10.0 to 35.0 mm with a
mean of 26.0 mm. Mean tumour size of node-negative
tumours was 25.6 mm. There was no significant difference
between tumour size of node-positive and node-negative
patients.

Discussion

Previous authors have reported a correlation between
primary tumour size and risk for axillary node metastases
(Chu et al., 1999; Kamath et al., 2001; Madsen et al.,
2013). Although Madsen and co-workers (2013) found a
linear relationship between tumour size and occurrence
of lymph node metastases our study did not demonstrate
a significant difference in primary tumour size between
patients with or without nodal metastases. This may be due
to the small number of cases in our pilot study. Tumour
size, however, should not be the determinant in selecting
patients to undergo SLN biopsy (Amoui et al., 2012;
Fancellu et al.,2012). SLN biopsy could be performed for
clinically node-negative breast carcinomas with primary
tumours up to 5 cm in diameter; bearing in mind that larger
tumours have a higher risk of having positive sentinel
nodes (Fancellu et al., 2012). Also, larger tumours >5 cm
in size, burdened with a higher risk of axillary tumours,
were associated with a lower identification rate of SLNs
(Wong et al., 2001a; Straver et al., 2010). SLN biopsy
could also be used for breast cancer patients treated with
neoadjuvant chemotherapy with acceptable false negative
rate (Koslow et al., 2014 ).

Sentinel lymph nodes had been demonstrated to have
the highest risk for containing metastatic disease (Giuliano
et al., 1994), thus it would be logical to evaluate them
closely. In cases where SLNs were negative for tumour,
it has previously been reported that the probability of
subsequent non-SLN’s containing tumour was very low (1-
2%)(Albertini et al., 1996; Reintgen et al., 1998; Dauway
et al., 1999). Several other investigators demonstrated
that SLNs were the only site of disease with an incidence
of 25-60% (Giuliano et al., 1994; Veronesi et al., 1997,
Barnwell et al., 1998; Kamath et al., 2001). Similarly we
reported 50% of patients with tumour only in SLNs when
the nodes were involved and 70% of our patients with
metastatic nodes had tumour in the SLNs.

Patients in our study had an average of 1.9 sentinel
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nodes harvested by combined technetium radiotracer and
blue dye; similar to results from other authors (between
1.8 to 2.0 SLNs) (Albertini et al., 1996; Dauway et al.,
1999; Gill et al., 2011). On the other hand, in practice a
larger number of axillary nodes (between 15 to 30) are
excised (Pendas et al., 2000). In our study, between 9 to
23 axillary lymph nodes were excised per patient. Detailed
examination of all axillary nodes may thus be impossible
owing to time constraints and workload of laboratories
and pathologists. However, it may be possible to examine
sentinel nodes more closely than current routine practice.
Traditionally one initial H&E section from each block of
a node isolated was performed and screened (Verma et
al.,2014). The nodes removed would, at most, be halved
if they were large but not thinly sliced. It has previously
been reported that this routine staining practice could
miss up to 33% of metastases (Dowlatshahi et al., 1997).
Currently, there is no consensus or standard protocol for
examining SLNs and there are variations in processing and
histopathological examination of SLNs between hospitals
and institutions (Verma et al., 2014).

Thinly-sliced tissue from SLNs could improve
detection of nodal disease (Weaver, 2010). Our study
showed that more patients were upstaged to node-positive
by examining only the initial H&E sections of these thinly-
sliced tissue blocks of SLNs. The single most important
fundamental recommendation in ensuring proper breast
staging and pathological assessment of sentinel nodes
would be to thinly slice the sentinel nodes prior to
embedding. This would improve the likelihood of detecting
macrometastatic tumours. Lee et al. (2000) reported that
the recommendation by the National Coordinating Group
for Breast Screening Pathology (1997) to take up to 4
separate blocks from each node depending on size; could
apply for assessment of sentinel nodes in most hospitals.
The latest sentinel node guidelines from United Kingdom
(Ellis, 2005) recommended slicing nodes more than Smm
in diameter at intervals of approximately 3 mm or less
as an alternative to performing serial or step sectioning.
Similarly, the College of American Pathologists and the
American Society of Clinical Oncology (Fitzgibbons et al.,
2000; Lyman et al., 2005) recommended careful attention
when slicing SLNs and keeping the thickness to less than
2.0 mm. Both approaches advocated screening of a single
H&E section from thin blocks to detect macrometastases
and therefore reducing unnecessary workload to perform
additional serial or step sectioning. However, slicing
sentinel nodes to 2 or 3 mm thickness is an approximate
event, and dependent on staff skillset. If performed
properly, most macrometastases will be detected. We
were not able to consistently slice nodes to 2 or 3 mm
thickness with a free hand and therefore compromised by
slicing them to no more than 5 mm thickness, estimated
between 3 to Smm.

With our method of SLN examination, 71.4% of
metastases were found at initial sections of the thinly
sliced tissue blocks but very few additional cases
were found after serial sectioning for a further 0.2 mm
thickness. In the two cases found by detailed examination
(serial sectioning), there was only low volume of tumour
(micrometastases or ITC) present. Kamath and co-workers
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(2001) found that the standard examination of sentinel
lymph nodes would have missed 26% of patients with
metastatic disease in regional nodes. This was similarly
reported by other authors (Cserni et al., 2004; Groen et
al., 2007; Grabau et al., 2011).

Alternatively, step sectioning or multi sectioning
approaches have been proposed, where 4-5 levels were
taken 200-250 microns apart and stained with H&E
(Grabau et al.,2011; Ensani et al.,2013). This allowed each
paraffin block to be cut to a further depth of 1 mm. Some
authors (Torrenga et al.,2001; Grabau et al.,2011; Ensani
etal.,2013) demonstrated significantly increased detection
rate of tumour metastases with this method over single
sectioning while other authors (Dowlatshahi et al., 1997;
Freneaux et al., 2002) showed no significant difference.
This method requires more time and training to execute
and may not be applicable in many laboratories. Most of
the tumours detected either by serial or step section were
micrometastases or ITC. There has been differing reports
of the outcome of patients with micrometastases or ITC in
SLNs compared to node-negative patients. Some recent
studies showed a worse outcome (Weaver et al., 2000;
de Boer et al., 2010; Andersson et al., 2010; Patani and
Mokbel, 2011) while others show no difference in survival
(Huvosetal., 1971; Gobardhan et al., 2009 ). The clinical
significance of detecting micrometastases in light of the
current evidence remains uncertain and thus the increased
amount of workload, time and cost to proceed with serial
or step-sectioning routinely may not be justified.

Weaver et al. (2002) and Amir et al. (2012) reported
that only 4.4 to 6.4% of occult metastases found in
negative sentinel nodes by immunohistochemical
validation were not detected by H&E staining. Ensani
et al. (2013) found that there was no difference between
step sectioning and ITHC staining if ITC were excluded
as THC staining only increased detection of ITC. These
tumours may not have any additional significance in
recurrence or disease-free survival of the patients as they
were mainly isolated tumour cells (Amir et al., 2012).
The additional resources needed to perform IHC as a
routine on deeper sections has not been justified (Ellis,
2005; Tai et al., 2011) . We also were not able to detect
any additional cases of metastases with IHC. However,
IHC can be used to confirm suspicious tumours when
required. Detecting micrometastases by serial sectioning
and immunohistochemical validation was far more labour-
intensive with resultant poor yield and cannot be expected
to be part of a standard protocol. However, thinly slicing
blocks of 3 to 5 mm thickness could be recommended and
much easily adopted into the routine practice.

Investigators reported between 0-30% false negative
rates in different studies (Kamath et al., 2001; Veronesi
et al., 2003; Lyman et al., 2005; Goyal et al., 2006;
Kim et al., 2006). There are many factors that could
contribute to the false negative rate for the sentinel node
biopsy. Using only one of the two methods to identify
the SLNs operatively may result in missing detection of
the actual sentinel nodes. The combined use of blue dye
and isotope in procuring the nodes (Cody et al., 1999;
McMasters et al., 2000; Vijayakumar et al., 2005; Goyal
et al., 2006) would improve the false negative rate, as
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would the surgeon’s level of experience with the sentinel
node biopsy technique (Cody et al., 1999; Liberman,
2000; Vijayakumar et al., 2005; Abdollahi et al., 2010).
Although a combined blue-dye and radiotracer technique
was used, we still had a high false negative rate of 30%.
As this was the first experience in conducting sentinel
Iymph node biopsies for our multi-disciplinary team, the
associated learning curve may have contributed to this
false-negative rate. Surgical skill, injection procedures
and the technique of processing the nodes could also all
contribute to this. It was thus advised by previous authors
(Straver et al., 2010; Amoui et al., 2012) that the entire
team complete between 20-40 procedures and meet the
criteria of obtaining less than 10% false negative rates and
identifying more than 90% of SLNs before a satisfactory
result could be expected.

The false negative rate of SLN biopsy was significantly
decreased when more than one SLN was excised (Tafra et
al.,2001; Wong et al.,2001b; Martin et al., 2005; Goyal et
al.,2006; Krag et al., 2007; Zakaria et al.,2007; Gill et al.,
2011). It has been demonstrated that the false negative rate
was three times higher where only one SLN was excised,
as compared to when more than one was excised (Wong
et al.,2001b; Martin et al., 2005; Goyal et al., 2006; Krag
et al., 2007). Some researchers recommended up to four
excised SLNs to increase the diagnostic yield and reduce
the false negative rate (Zakaria et al., 2007; Gill et al.,
2011). In two of our three false negative cases there was
only one SLN removed per case. Our third case had 3
sentinel nodes removed but showed no tumour despite
levelling.

Tumour metastases may be missed as tissue blocks
were never routinely sectioned to exhaustion. This
could contribute to the false negative rate. In one study,
Andersson et al. (2013) found a further 18% of previously
undiagnosed tumour metastases in their false negative
group when they performed step sectioning until the
blocks were exhausted. False negative SLN biopsy may
also be the result of an axillary skip metastasis where the
cancer cells “skipped” pass the SLNs and spread to other
non-sentinel nodes in the axillary basin due to variation in
Iymphatic drainage (Keskek et al., 2006; Sun et al., 2012).

Conclusions and Recommendations: Sentinel
Ilymph node biopsy can be performed in hospitals with
a multidisciplinary team that have the expertise and
are equipped to procure SLNs and perform adequate
histopathological examination. It is important to
recommend a single feasible pathological protocol
for examination of sentinel nodes for breast cancer
patients that can be applied to most hospitals without
compromising on detection of macrometastases but taking
into consideration the technical support of the laboratory
and cost-effectiveness of the procedure. This would
include thin slicing of the sentinel nodes to between 3
to 5 mm thickness before embedding. Our study showed
that all SLN macrometastases can be detected by this
method. Serial or step sectioning of the individual blocks
may increase the probability of detecting micrometastases
or isolated tumour cells but was far too labour-intensive
and impractical in routine busy laboratories. IHC may
be used when there were any suspicious findings but not
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routinely. The false negative rate could be further reduced
with improved experience of the entire multidisciplinary
team and ensuring procurement of more than one SLNG,
using combination of radiotracer and blue-dye.
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