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scriptase polymerase chain reaction (qRT-PCR) or one-step nucleic
acid amplification (OSNA)
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Sentinel lymph node biopsy (SLNB) is now
the standard of care in managing patients
with clinically node-negative breast cancer.

Results from the ALMANAC and NSABP-B32
studies, which compared SLNB to routine axillary
lymph node dissection have underlined its many
clinical advantages [1,2]. The demonstrable
reduction in morbidity includes lower
lymphoedema rates, reduced rates of nerve
damage, improved functional outcomes to the arm
and shorter hospital stay. 

Of those undergoing a SLNB, up-to 30% may
have a positive sentinel lymph node [1]. There is
on going debate as to whether a completion
axillary clearance can be avoided in early stage
disease. With the paucity of data in this setting,
the standard of care in absence of a reliable pre-
operative diagnostic tool remains a delayed
completion axillary clearance, with resultant
longer operative times and potential for increased
morbidity, which may delay adjuvant treatment.
Clinical and heath economic factors have therefore
driven the search for methods of analysing
sentinel lymph node(s) intra-operatively, allowing
a complete surgical treatment to be carried out in
one sitting. Table 1 summarises some of the
potential advantages of intra-operative sentinel
node (ioSLN). 

The two widely investigated and practiced
techniques for ioSLN analysis are frozen section
analysis and imprint cytology. Both these
techniques have been shown to be highly specific
in identifying positive lymph nodes (reported
specificities of up to 100%). However, they lack
sensitivity with reported figures ranging between
57-74% for frozen section and 33-73% for imprint
cytology. False negative results occur due to
missed micrometastases (tumour foci of 0.2-2mm)
and particularly in metastases from lobular
carcinoma where the cells are relatively bland and
may be difficult to interpret. Although results can
be obtained relatively quickly, especially with
frozen section analysis, the sample preparation

can be labour intensive and relatively costly as it
requires a dedicated laboratory technician and a
histopathologist. Nonetheless both these
pathological techniques have paved the way for
the paradigm shift of ioSLN analysis and the
advent of molecular techniques that have
emerged. 

Molecular techniques for ioSLN analysis 
The use of molecular based techniques for SLN
analysis is a perfect example of incorporation of
translational research in to clinical practice. The
two principal technologies for ioSLN analysis use
either quantitative reverse transcriptase
polymerase chain reaction (qRT-PCR) or one-step
nucleic acid amplification (OSNA). 

The aim of molecular techniques is to target
gene markers that are over-expressed in malignant
cells compared to surrounding normal tissue. As
yet, there is no single highly specific molecular
marker for breast cancer. While multigene assays
may confer higher sensitivity, this occurs at the
expense of a lower specificity. It appears that two
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Table 1: Potential advantages of intra-
operative sentinel node analysis

• Eliminating the need for a second
operation

• Reduced morbidity related to delayed
axillary dissection

• Improved patient satisfaction

• Avoidance of delay to adjuvant
treatment

• More efficient use of resources =>

• reduced operative times

• shorter overall hospital bed stay

• less use of histopathologist /
technician time

• overall cost saving to the NHS

ONMJ11:ILR SO04  26/4/11  22:25  Page 42



Volume 6 Issue 2 • May/June 2011 43

gene marker assays probably provide the
optimal combination but this remains the
subject of debate. The two commonly used
markers are cytokeratine-19 (CK-19) and
mammaglobin (MGB-1), neither of which
are ubiquitously expressed in breast cancer
but combined have been shown to achieve
better sensitivity and specificity than other
gene marker pairs [3]. CK-19 is shown to
be expressed in over 95% of breasts
cancers [4].

The advantage of molecular techniques
is their high level of sensitivity, capable of
detecting as few as 10 target gene copies.
Also, tissue analysis requires
homogenisation of the specimen, which
theoretically overcomes the challenges of
tumour heterogeneity and sampling error
associated with histology [5]. However,
tissue homogenisation itself is a source of
bias in studies where molecular analysis is
compared to histology, as the two
techniques never examine the same
sample. Earlier studies looking at
discrepancies between adjacent slides used
in histological analysis alone have shown
discordance rates of up to 6% between
different slices [6]. It is therefore likely that
the clinical data published underestimates
the true accuracy of molecular techniques
as this sampling error is inherently
embedded in the methodology. This may
be overcome by using protocols where the
whole tumour specimen is utilised.
However, the lymph node homogenate
cannot be reassessed by conventional
histological means and there is no data
regarding the longevity of stored
homogenates for future re-analysis.
Therefore if an error or system breakdown
occurs, there are limitations as to how the
samples can be re-assessed, unlike with
stored histological specimens.  

Quantitative reverse-transcriptase
polymerase chain reaction (qRT-PCR)
The advent of PCR in SLN analysis has
stemmed from its experimental use in
detecting circulating tumour cells in
peripheral blood or bone marrow.  As with
standard protocols, the technique involves
homogenisation of the lymph node,
isolation of mRNA, production of cDNA
sequences using reverse transcriptase and
thermal cycling with DNA polymerase and
specific cDNA gene probes to amplify the
gene sequence of interest. Labelling the

probes with fluorescent markers allows for
detection of amplified signals thus giving
both qualitative and quantitative data.
Quantitative analysis is especially
important, allowing estimation of the
amount of the target genes above that of a
threshold for normal tissues. This has the
benefit of improving specificity. The
process is fully automated, requiring a
single technician and allows several
samples to be examined simultaneously.
The process is shown to take a median of
32 minutes (range 26-69 minutes) [7].

Several studies to date have reported
overall sensitivities ranging between 78-
96% and specificities of 92-97% [8].
Quantitative analysis can allow
differentiation between macro- and
micrometastases, although sampling error
may result in reported lower sensitivity in
detecting the latter. This requires further
validation. Interestingly, qRT-PCR appears
to overcome the limitations of histological
techniques in detecting metastatic lobular
carcinoma. Furthermore, breast carcinomas
of special histological type may have focal
CK-19 expression, which may lead to false
negative results as a consequence of
sampling error [4].

As compared to pathological techniques,
reported specificities for molecular
techniques have been lower. This has raised
the question whether these techniques are
truly prone to false-positive results. Aside
from sampling error, the use of internal
controls to safeguard the system from
operator or kit error may be a source of
contamination that may lead to false
positives [8]. However, re-analysing PCR-
positive, histology-negative samples using
alternative markers have confirmed the
presence of metastases in over 70% of cases
[5,6]. It is therefore likely that reported
specificities are an underestimation. 

One-Step nucleic acid amplification
(OSNA)
The difference between OSNA and PCR is
that gene amplification is by a process of
loop-mediated isothermal amplification
(RT-LAMP), a method first described by
Notomi et al [9]. The technique uses six
specific primers for same cDNA target with
the primers designed to “loop” the DNA
during the amplification process. This
results in a magnesium pyrophosphate
precipitant, which can be measured using

simple photometry and used to quantify
the target gene expression. The advantage
of OSNA over qRT-PCR is that the
isothermic process does not denature the
genomic DNA and avoids repeated RNA
extraction, thus speeding up the process. It
also utilises six primers for the one cDNA
target thus overcoming problems of
pseudogene interference that may lead to
false-positive results. This is especially true
as there are three pseudogenes for CK-19 in
the human genome [10]. As for this, the
OSNA system is designed to detect only
CK-19 gene expression and does not
require a multigene approach. 

Tsujimoto and colleagues described the
first application of OSNA in detection of CK-
19 expression in sentinel lymph nodes [11].
Their results showed a 98.2% concordance
with three-level histological analysis using
CK-19 immunohistochemistry, a superior
result compared to two-level histology.
Later, in a study of 346 lymph nodes, a
sensitivity of 95.3% and specificity of
94.7% (97.1% with discordant cases
excluded) was reported with OSNA CK-19
compared to histology and immuno-
histochemistry as gold standard [12].
Recently a UK multicenter study of 4 centers
and 204 patients (the OSNA study group)
has reported an overall concordance
between OSNA and histology of 96%,
sensitivity of 91.7% and a specificity of
96.9% [13]. The median time to process a
single SLN was 32 (range 22-97) minutes
and 42 (range 30-73) minutes for two nodes.
The results were corrected for discordant
cases that occurred due to tissue allocation
bias (sampling error), which as alluded to
earlier is an inherent problem of such
comparative studies. 

Implementation of the technology and
health economic considerations
Molecular ioSLN analysis is now recognised
by the NHS Technology Adoption Centre
(NTAC) and guidance is provided to assist
NHS trusts in implementing these
technologies [14].  The OSNA system is
available as a single commercial package
and can be obtained from Sysmex UK Ltd
(www.sysmex-lifescience.com). The only
commercially available qRT-PCR kit was the
GeneSearchTM Breast Lymph Node (BLN)
Assay (Veridex, Johnson & Johnson, USA)
but unfortunately due to under-adoption
particularly in the USA, the system was

The advantage of molecular techniques is their high level of sensitivity, capable of detecting
as few as 10 target gene copies
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deemed commercially non-viable and globally
withdrawn from the market. Recently in the UK,
Princess Alexandra Hospital NHS Trust has
developed Metasin as an open-source non-profit
alternative to GeneSearchTM. As yet there are no
commercially available kits and therefore setting
up the system requires individual procurement of
consumables and local clinical/technical expertise
(for more information regarding Metasin visit
www.metasin.com). 

To date, only one published study has examined
the health economic implications of ioSLN analysis
using the GeneSearchTM system [15]. The estimated
per test cost of the molecular assay was £299 as
compared to £139 for frozen section and £122 for
imprint cytology.  The resultant reduction in
resource utilisation was shown to be cost effective
for primary care trusts and the NHS as a whole. At
present there are no national tariffs that cover the
cost of ioSLN analysis, thus high capital costs of
the technology remain a potential disincentive for
individual trusts.  

Consclusions
Molecular techniques for ioSLN analysis have
been shown to be feasible, effective and accurate
for application in the routine clinical setting.
Although the implementation of such technologies
is associated with high upfront costs, their clinical
and health economic benefits are being widely
recognised. Despite the strong wave of change in
practice, there is a need for more specific research
into the clinical impact of utilising highly sensitive
molecular tools on stage migration of disease and
long-term oncological outcomes. It is however
clear that the era of real time molecular based
diagnostics and individualised treatment of breast
cancer is firmly upon us. n
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Life prolonging treatment with Herceptin and
docetaxel can be difficult because of severe
toxicity. Many patients endure nerve disorders,
swelling and nail changes in addition to hair loss.
One in five women may stop treatment early
because of toxicity. 

A new study (Andersson M et al. Journal of
Clinical Oncology 2011;29:264-71) showed less
toxicity when the Herceptin is combined with
Navelbine® (vinorelbine) rather than the current
standard, docetaxel. This is achieved without
compromising survival and enables more women
to complete treatment.

In the study 284 women with metastatic or
locally advanced HER2 positive breast cancer were

randomised to receive either docetaxel or
Navelbine, both combined with Herceptin. Women
treated with Navelbine experienced significantly
less fever and infection, sensory neuropathy,
oedema and nail changes. Only 7% of patients
discontinued Navelbine-Herceptin due to toxicity
whereas 20% of patients treated with docetaxel-
Herceptin stopped treatment. 

The combination of Navelbine with Herceptin
offers additional benefits. Whereas docetaxel and
trastuzumab are given by intravenous infusion,
Navelbine is also available as a capsule. 

For more information please contact
nikki.roebuck@pierre-fabre.com

Less treatment toxicity for women with HER2 positive advanced breast cancer

News update
Latest developments on products and services from the industry. To have your news included contact Patricia McDonnell on
patricia@oncologynews.biz or T/F:+44 (0)288 289 7023.
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