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Abstract. The concept of sentinel lymph node biopsy in
breast cancer surgery is based on the fact that the tumour
drains in a logical way via the lymphatic system, from
the first to upper levels. Since axillary node dissection
does not improve the prognosis of patients with breast
cancer, sentinel lymph node biopsy might replace com-
plete axillary dissection for staging of the axilla in clini-
cally N0 patients. Sentinel lymph node biopsy would re-
present a significant advantage as a minimally invasive
procedure, considering that about 70% of patients are
found to be free from metastatic disease, yet axillary
node dissection can lead to significant morbidity. Sub-
dermal or peritumoural injection of small aliquots (and
very low activity) of radiotracer is preferred to intratu-
moural administration, and 99mTc-labelled colloids with
most of the particles in the 100–200 nm size range would
be ideal for radioguided sentinel node biopsy in breast
cancer. The success rate of radioguidance in localising
the sentinel lymph node in breast cancer surgery is about
97% in institutions where a high number of procedures
are performed, and the success rate of lymphoscintigra-
phy in sentinel node detection is about 100%. The senti-
nel lymph node should be processed for intraoperative
frozen section examination in its entirety, based on con-
ventional histopathology and, when necessary, immune
staining with anti-cytokeratin antibody. Nowadays, lym-
phoscintigraphy is a useful procedure in patients with
different clinical evidence of breast cancer.
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Introduction

Sentinel lymph node (SLN) localisation and biopsy rep-
resents one of the most important developments in sur-
gery and has already produced important changes in the
management of patients affected by early infiltrating
breast carcinoma. Sentinel lymph node biopsy (SLNB)
was first applied in melanoma patients by Morton and
colleagues [1]; they intra-operatively injected the patent
vital blue dye close to the primary lesion, and the blue-
stained SLN was later found by dissection, following
tracer diffusion.

Subsequently this technique was proposed as a meth-
od of disease staging in breast cancer patients [2] in or-
der to permit the use of less aggressive surgical treat-
ment that would not compromise quality of life. In fact,
removal of axillary nodes in the presence of breast can-
cer is performed for staging and not with curative intent
[3], and axillary dissection is burdened by a significant
rate of immediate and delayed possible complications
such as lymphoedema, paraesthesia, pain and restriction
of arm motion. Nevertheless, information on axillary
nodes is important in determining the appropriate type of
adjuvant treatment, and SLNB has been proposed as an
alternative to routine axillary clearance for the determi-
nation of nodal status.

The concept of the “sentinel lymph node” implies that
lymphatic metastasis is not a random event but rather is
based on an orderly and predictable pattern of lymph
flow from the primary site to the regional lymph node
basin. Sequential progression of tumour cells is assumed
to occur, with the first lymph node (the SLN) filtering
the afferent lymph and thereby entrapping the tumour
cells. Both experimental evidence and clinical data sup-
port the hypothesis that there is an orderly and pre-
dictable pattern of lymphatic drainage from the breast to
the regional lymph nodes and progressive involvement
of the axillary lymph nodes.

It is to be noted that when mammography is used
within the context of a screening programme, breast car-
cinomas are diagnosed at earlier stages, when the rate of
node-positive disease is low. Moreover, lymphatic
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spread within the axilla generally proceeds from the first
Berg level to the third, and skip metastases are infre-
quent [4, 5].

Several studies have demonstrated that lymphoscinti-
graphy in combination with gamma probe-guided sur-
gery is the best procedure to identify and remove the
SLN in breast cancer patients [6], being more suitable
and sensitive than blue dye mapping. The method of
lymphoscintigraphy to be used for SLN localisation is
still controversial. We have already described a reliable
lymphoscintigraphic technique in previous works [7, 8].

Lymphoscintigraphy

In recent years, hundreds of studies have been published
on lymphoscintigraphy in breast cancer, and the reported
experience and data have often been discordant. The
main areas of controversy concern radiopharmaceuticals,
the site of injection and mode of administration, the opti-
mal activity and the appropriate radiotracer volume.

Three types of radiopharmaceutical preparations are
commonly employed for lymphoscintigraphy: 99mTc-sul-
phur colloid is the most commonly used in the United
States, either unfiltered (size about 15–5,000 nm) or fil-
tered. Some authors [9, 10] still claim the superiority 
of the unfiltered over the filtered preparation [11]. In 
Europe, 99mTc-nanocolloid is more frequently used, with
particles between 4 and about 100 nm (95% of the parti-
cles are <80 nm). Finally, 99mTc-antimony trisulphide
(3–30 nm) is widely employed for SLN procedures [12]
in Australia and Canada. It is generally considered that
radiocolloid with most of the particles ranging between
100 and 200 nm in size represents the best compromise
between fast and efficient lymphatic drainage and satis-
factory retention in the SLN [13].

The site of injection is the most crucial parameter,
and heavily affects the final choice of the other two main
parameters, volume and activity. Intratumoural injection
[14] represents a natural extension of the technique de-
veloped earlier with vital blue dye: it is generally charac-
terised by a relatively large volume of radiotracer (at
least 4 ml) and a relatively high injected activity of ra-
diocolloid (37–370 MBq). Interstitial administration can
be performed using peritumoural/intraparenchymal in-
jection and subdermal/intradermal injection [15] (Fig. 1).
The principle of intraparenchymal administration is to
inject the tracer in a site immediately adjacent to the tu-
mour, that is, in the space with a supposedly normal lym-
phatic system, which is the only possible drainage path-
way for fluids, particles and cells leaving the tumour via
the extravascular route. Finally, peri-areolar/subareolar
tracer injection [16] is based on the existence of a lym-
phatic plexus around each lobule of the mammary gland
that follows the path of the galactophore ducts, converg-
ing to the areola to form the Sappey subareolar plexus,
which is part of the general subcutaneous plexus [17]. It
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is in fact reasonable to assume that these various tech-
niques are complementary [18].

Several technical aspects of lymphoscintigraphy have
been optimised by our group, based on detailed investi-
gations [8, 19, 20, 21]. In a large series of patients we
performed a comparative study using antimony sulphide
colloids with a particle size of <50 nm, colloidal parti-
cles of HSA sized <80 nm and colloidal particles of HSA
sized 0.2–1 µm, administered either subdermally or peri-
tumourally in a volume ranging from 0.2 to 3 ml and
with very low activity [8]. The results suggested the use
of larger colloidal particles (0.2–1 µm) to be most appro-
priate because while only one or two SLNs were identi-
fied, smaller colloids were often trapped in several nodes
and retained in the lymphatic channels, which would
cause the surgeon problems in distinguishing between
the true SLN and other radioactive sources [7].

The likelihood of visualising a lymphatic duct and a
draining lymph node increases when the radiocolloid is
injected in the skin overlying the mammary gland, be-
cause lymphatic drainage from the skin is richer and
faster than drainage from the remaining breast parenchy-
ma [22]. Axillary SLNs can therefore be efficiently visu-
alised as early as 20–30 min after intradermal injection
of radiocolloid, thus making the entire lymphoscinti-
graphic procedure highly practicable. Nevertheless, con-
venient timing is not the only factor that makes the intra-
dermal administration route such an attractive option for
SLNB in early breast cancer. Reliability of this approach
for SLN identification has a sound anatomical and physi-
ological basis. With this administration approach, a small
volume of tracer (between 0.2–0.3 ml), containing
10–15 MBq of 99mTc-colloid, is injected as a single ali-
quot in the skin directly overlying the tumour. Based on
how deeply the injection is performed, tracer administra-
tion is defined as intradermal when the needle is almost

Fig. 1. Subdermal injection, right breast: standard method used at
the European Institute of Oncology. Note the lymphatic vessels (a)
and only one lymph node (b) at the right axilla



tangential to the skin surface and a classical urticarial
wheal ensues, and as subdermal when injection is a little
deeper (this is signalled by reduced resistance to penetra-
tion of the needle) and the wheal is less obvious. Clearly,
there is some overlap between these two modalities and
the two terms are often used interchangeably, also be-
cause of the wide variation in the thickness of the skin
overlying the breast as a function of individual charac-
teristics, breast size and age of the patient.

Some investigators perform peri-areolar tracer injec-
tion (usually with the injection of four aliquots) as a
modification of the subdermal route. However sound its
pathophysiological basis may be (due to the rich connec-
tions of the subareolar plexus with the general subcuta-
neous plexus), we do not favour this technique, in part
because it causes some discomfort to patients. This ap-
proach may also demonstrate sites of drainage of the
breast per se as opposed to specific drainage of the tu-
mour.

Advantages of the intradermal-subdermal injection
technique are its practicability (it requires a minimum of
training), the administration of a small volume using a
single injection, the fast visualisation of lymphatic drain-
age pathways and the low administered activity, which
results in fewer technical problems during lymphoscinti-
graphic imaging and intraoperative gamma probe count-
ing. Some studies have compared the lymphoscinti-
graphic pattern and the performance in respect of SLN
identification when using both the intradermal and the
peritumoural approach in the same patients [16, 23, 24,
25]. Although the two techniques are reported to yield
virtually equivalent results in the vast majority of pa-
tients [16, 26, 27], some authors have reported a sizeable
proportion of discordant results concerning SLNs in the
axilla and/or in the internal mammary chain (IMC) [25,
28].

Whatever method is used, we believe that, with rare
exceptions, lymphoscintigraphy must be able to localise
axillary SLNs.

Internal mammary chain

The internal mammary lymphatic trunks originate from
the anterior pre-pericardial lymph nodes lying upon the
upper surface of the diaphragm. These nodes receive col-
lecting lymphatics from the anterior and superior portion
of the liver via the falciform ligament, from the anterior
portion of the diaphragm, and from the upper portion of
the rectus abdominis muscle, as well as from the lower
inner sector of the adjacent mammary gland [29]. The
main efferent lymphatics from the breast to the internal
mammary route emerge from the deep portion and from
the medial edge of the mammary gland.

When lymphoscintigraphy is performed after subder-
mal/intradermal radiocolloid injection, the detection of
SLNs outside the axilla is an unlikely event, occurring in
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1–2% of cases [30, 31]. We performed a pilot study in
order to establish whether a deep injection can visualise
the IMC nodes in a high percentage of cases, according
to our standard lymphoscintigraphic protocol (Fig. 2).
Three points emerged from this study as regards IMC
lymphoscintigraphy and localisation:

– A deep injection (under the tumour) is a suitable way
of administering 99mTc-colloids to visualise IMC
nodes.

– Uptake by the IMC nodes occurred in 65% of lesions
located in the inner quadrant.

– An involved SLN in the IMC was found in 8.5% of
the evaluated cases. According to the UICC staging
classification, these cases “migrated” from N0 (two
cases) and N1 (three cases) to N3. Without internal
mammary sampling, these patients would have been
understaged [19].

Randomised trials

Six prospective randomised trials have been designed to
validate SLNB. Actually, many centres and surgeons
adopted SLNB as standard practice in the treatment of
early breast cancer before the publication of these trials.
This approach has been accepted because it has been
clearly demonstrated that axillary clearance is performed
not with curative intent but only for informative purpos-
es [3].

The results of the first prospective randomised study
have recently been published by Veronesi and co-work-
ers [32]. Five hundred and sixteen women with primary
breast cancer ≤2 cm in size were randomly assigned to
undergo either SLNB and simultaneous axillary dissec-
tion (AD) or SLNB followed by AD only in the event of
a positive SLNB. The primary endpoint of the study was

Fig. 2. Deep injection, inner quadrant, left breast. Please note the
lymph nodes’ double drainage at the axilla (a) and IMC (b)



the predictive power of the status of the SLN, measured
in terms of the percentage of cases of axillary involve-
ment detected by SLNB in relation to the percentage
found by routine AD. A SLN was positive in 32.3% in
the AD group and in 35.5% in the SLN group. In the AD
group, the overall accuracy, the sensitivity and the speci-
ficity of the SLN was 96.9%, 91.2% and 100% respec-
tively. The false negative rate of 8.8% and the negative
predictive value of 95.4% were consistent with previous
studies [6, 33, 34]. There was less pain and better arm
mobility in patients who underwent SLNB only than in
those who also underwent AD. After a median follow-up
of 46 months, disease-free and overall survival rates
were not significantly different between the two groups.
In particular, overt axillary metastases were not detected
in patients who had undergone SLNB only.

In the U.S. two studies have been launched [35, 36].
The National Surgical Adjuvant Breast and Bowel Pro-
ject (NSABP) trial B-32 [37] has been designed in order
to evaluate whether SLNB alone is equivalent to AD in
terms of long-term control of regional disease, disease-
free survival and overall survival, as primary end-points,
with accrual of 5,500 patients with clinically negative
axillae and a pathologically negative SLN. The Ameri-
can College of Surgeons–Oncology Group (ASOCOG)
study (protocol Z0011) has now stopped accrual for a tri-
al evaluating survival in women with pathologically pos-
itive SLNs who are randomly assigned to either AD or
observation alone [38, 39].

In Europe three additional trials are ongoing. The Eu-
ropean Organisation on Research and Treatment of Can-
cer (EORTC) is enrolling women in the AMAROS (Af-
ter Mapping of the Axilla: Radiotherapy or Surgery?) tri-
al comparing complete AD with axillary radiotherapy in
women with positive SLNs; the target is accrual of 3,485
patients within 3 years [40].

The Medical Research Council in the United Kingdom
has funded the Axillary Lymphatic Mapping Against Nod-
al Axillary Clearance (ALMANAC) trial, where around
1,300 women with clinically negative axillary nodes are
expected to be randomised either to conventional surgery
or to SLNB. The primary endpoints are axillary morbidity,
health economics and quality of life following SLNB as
compared to conventional axillary procedures [41].

Finally, the clinical and prognostic value of SLN mi-
crometastases is being evaluated in the International
Breast Cancer Study Group (IBCSG) trial 23.01, in
which about 1,960 women with a diagnosis of mi-
crometastases or isolated tumour cells only in the SLN
are being randomly assigned to either complete AD or
no further axillary treatment.

Sentinel lymph node biopsy: when and where?

In the proceedings of the Consensus Conference
(Philadelphia, 2001) on the role of SLNB in carcinoma

of the breast, the panel considered SLNB to be a suitable
replacement for AD in carcinoma with a diameter below
3 cm and no clinically suspicious palpable axillary nodes
[42].

The rapid spread of SLNB has led to its use in clinical
settings previously considered contraindications to
SLNB. It has to be clearly stated, however, that all the
settings discussed below are at least controversial indica-
tions for SLNB, and that in these cases SLNB should be
limited to centres with extensive experience in this pro-
cedure, and should only be used after careful discussion
of the available data with the patient.

SLNB after primary chemotherapy

Former papers on SLNB after primary chemotherapy
(PC) reported that the false negative rate of SLNB was
higher in patients who had received PC than in those
who had not [43, 44, 45, 46]. More recent and larger
studies have demonstrated that, with increasing experi-
ence, the identification and false-negative rates of SLNB
are similar to those reported in the absence of PC [47,
48, 49, 50]. Therefore, in women with a clinically nega-
tive axilla before the start of PC, SLNB might be consid-
ered after the completion of medical treatment if no pro-
gression has occurred. In patients with suspicious axil-
lary nodes at presentation which have been “down-
staged” to N0 by medical treatment, SLNB might also be
considered an option in the hands of surgeons with ex-
tensive experience in this procedure. SLNB is obviously
not recommended for patients whose axillary nodes re-
main clinically suspicious after PC.

Some considerations might be added regarding the
opportunity to gain pathological information on the nod-
al status before starting preoperative treatment. Axillary
status before PC provides prognostic information that
could be missed following PC, and therefore it would be
wise to perform axillary staging before PC in the event
of a clinically negative axilla. Afterwards, if the node(s)
were negative, axillary dissection following PC could be
avoided, whereas in the case of a positive SLN, AD
would be part of the surgical plan after medical treat-
ment. This approach might also overcome the concern
regarding the debated lower identification rate and sensi-
tivity of SLNB after PC [51].

On the other hand, it is conceivable that the prognos-
tic value of axillary staging following PC is even higher,
since it already mirrors response to treatment. Moreover,
performing SLNB before PC would lead to completion
AD in all patients with positive SLNs, and therefore to
the use of AD in a higher fraction of patients, given that
PC may “sterilise” axillary node metastases in about
20% of patients [52].
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Multicentric/multifocal breast cancer

Multifocal disease seems to be associated with a higher
rate of nodal involvement than unifocal lesions of simi-
lar size [53]. Multiple foci of carcinoma, particularly
when located in different quadrants of the breast, have
been considered a relative contraindication to SLNB be-
cause of concerns that these tumours might involve more
than one dominant lymphatic trunk draining to axillary
nodes, and thus lead to an increased false-negative rate
[54, 55]. In our initial experience with 163 women, two
of the four patients with false-negative SLNB had multi-
focal disease [6]. Ozmen et al. [56], in a study conducted
on 111 patients, 21 of whom had multifocal tumours, re-
ported an accuracy of 93.7% with a false negative rate of
11.3% in the whole cohort of patients. Multifocality and
tumour size (>2 cm) were significantly associated with
decreased accuracy and increased false negative rates.
Klimberg et al., however, reported that the rate of identi-
fication of the SLN was equal following either subare-
olar or peritumoural injection [16], and therefore multi-
centric cancers might drain first to the subareolar area
and then to the SLN in the axilla, through a network of
lymphatic vessels connecting different quadrants with
the subareolar area [57]. Schrenk and Wayand [58] per-
formed SLNB with either blue dye alone or blue dye and
radiolabelled colloid injected in the subareolar area in 21
women with multicentric breast carcinoma who were
prospectively evaluated and candidates for standard AD.
The authors found a 100% identification rate of SLNs
and no false negative SLNBs.

Two papers from the Memorial Sloan-Kettering Cancer
Center have addressed the issue of SLNB in multicentric
breast cancer. In the first [59], five patients with two tu-
mours in distinct quadrants were injected at one site with
technetium-labelled sulphur colloid and at the second site
with isosulphan blue dye. Having identified at least one
node that was both hot and blue within the axilla in all
cases, the authors suggested that the lymphatic drainage of
the entire breast coincides with the drainage of the tumour
bed, regardless of its location. In the second paper, Tou-
simis et al. [60] considered 70 patients with multicen-
tric/multifocal breast carcinoma who were submitted to
mastectomy and SLNB with planned AD. The accuracy of
SLNB was 96%, and the sensitivity, 92% (false negative
rate 8%); these results are comparable to those of pub-
lished studies carried out in women presenting with unifo-
cal disease. All three patients with inaccurate SLNB had
dominant invasive tumour larger than 5 cm, and in one
case axillary disease was palpable at surgery.

In the study by Kumar et al. [61] on 48 patients with
multicentric/multifocal breast carcinoma, success rate,
sensitivity, negative predictive value and accuracy were
93%, 100%, 100% and 100% using the radiocolloid
probe, 87%,100%, 100% and 100% using blue dye, and
93.5%, 100%, 100% and 100% using combined meth-
ods. The authors concluded that SLN localisation main-

tained a high negative predictive value in multicen-
tric/multifocal breast cancer, contrary to the common be-
lief that a higher rate of false negative results occurs in
this subset of patients, and they proposed its routine use
instead of AD in these patients, too.

Previous breast biopsy

Some authors have suggested that altered lymphatic
drainage decreases the likelihood of successful lymphat-
ic mapping and, indeed, that SLNB for breast cancer
may be less accurate after excisional biopsy of the pri-
mary tumour [22, 62, 63]. Other authors [64, 65] claim
that neither biopsy type nor type of definitive surgical
procedure significantly affects the accuracy of SLN bi-
opsy for breast cancer, and that SLNB can be performed
accurately after excisional biopsy and is equally effec-
tive in patients undergoing partial mastectomy or total
mastectomy.

Ductal carcinoma in situ and SLNB

In the presence of ductal carcinoma in situ (DCIS), AD
is not indicated since this is an intra-epithelial neoplasm
which typically does not have the potential for metasta-
sis. The prevalence of axillary metastases, which is low-
er than 2% [66], does not justify the significant morbidi-
ty associated with lymph node removal. The techniques
of lymphatic mapping and SLNB, however, have also
been applied to patients with DCIS, resulting in some se-
ries in an unexpectedly high rate of detection of metas-
tases. Pendas et al. [67] reported a 5.7% rate in 87 pa-
tients, though after exclusion of micro-invasion this rate
decreased to 4.6%. Of the 76 patients with high-risk
DCIS described by Klauber-DeMore et al. [68], 12% had
metastases in the SLN, but further evaluation allowed
exclusion of patients with invasion and the actual rate
was lowered to 6.6%. In the paper by Cox et al. [69], a
13% rate of positive SLNs was found in 195 patients
with pure DCIS, but lack of data on the extent of sam-
pling makes comparison difficult.

In our experience in 223 patients with pure DCIS
[70], despite very extensive examination of the SLNs,
the percentage of SLN metastases remained low (3.1%)
and consistent with the literature following complete
AD. We did not find any biological features to be associ-
ated with an increased risk of positive SLNB. Further-
more, of the seven patients with metastatic SLNs, six
had undergone a previous breast biopsy, whereas only
36.1% of the patients with negative SLNs underwent a
diagnostic invasive procedure, either surgical biopsy or a
vacuum-assisted biopsy. The chance of passive transport
of dislocated epithelial cells to the SLN following an in-
vasive preoperative procedure has already been hypothe-
sised [71].
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From a practical point of view, SLNB is not routinely
necessary in women with a diagnosis of pure DCIS but it
can be discussed with the patient in order to avoid a sub-
sequent operation if micro-invasive cancer is found at
the final histology. We recommend SLNB whenever a
mastectomy with immediate reconstruction is required.
We also recommend it in patients with a cluster of mi-
crocalcifications when there is a reasonably high associ-
ated rate of micro-invasion at the final histology (e.g.
cluster >1 cm or incomplete removal of the entire clus-
ter).

Male breast cancer

Breast carcinoma is a rare disease in males, accounting
1% of the malignancies of breast and less than 1% of all
tumours in men. It is estimated that in 2001 in the United
States about 1,500 men developed breast cancer and that
400 of them died in the same year due to the disease.
The life-time risk of having breast cancer is calculated to
be 0.11% in men versus 13% in women [72].

In men, breast carcinoma has a poor prognosis, due to
both its aggressiveness and delayed diagnosis [73]. As in
women, axillary lymph node involvement represents the
most important prognostic factor, and it is reported to be
found in 50% of the cases in men [74].

Mastectomy according to Patey, or conservative sur-
gery in combination with AD, represents the standard
treatment of the disease. The risk factors and morbidity
associated with AD are consistent and, as in women, in-
clude duration of surgery, serious arm lymphoedema and
functional impotence.

Lymphoscintigraphy and SLNB are applied with the
same modalities in males with breast carcinoma as in
women [20, 75, 76], with similar advantages for the pa-
tient.

Pregnancy

In a recent review on breast cancer during pregnancy, it
has been stated that AD is preferred because nodal me-
tastases are commonly found, nodal status affects the
choice of adjuvant chemotherapy and SLNB poses an
unknown risk to the fetus from the radioisotope [77]. Pa-
tients with breast cancer during pregnancy are excluded
from randomised studies on SLNB currently ongoing in
the United States, and in the Consensus Conference on
the role of SLNB in breast carcinoma the panel advised
against SLNB in pregnant women until more data are
available [40].

Nicklas and Baker [78] suggested that lymphoscintig-
raphy can be safely performed in pregnancy, with negli-
gible risks for the fetus. In fact, the radioisotope remains
trapped at the injection site or within the lymphatics, and
the exposure to the fetus is essentially zero. Morita et al.

[79] added that pregnancy per se should not be a contra-
indication to studying patients with lymphoscintigraphy.

In our opinion some practical recommendations might
be given in order to further minimise the exposure of the
fetus, such as avoiding contact with other patients who
are potential sources of radioactivity (e.g. by scheduling
a pregnant patient as the first procedure of the day, and
keeping the patient in a single-bed room) and decreasing
the time interval between lymphoscintigraphy and sur-
gery, which might permit a reduction in the administered
activity. Thus in pregnant patients SLNB could be per-
formed within 2–3 h post injection of 3–5 MBq of 99mTc
radiocolloids.

Local anaesthesia

SLNB might also be performed under local anaesthesia
with sedation (e.g. using midazolam 2 mg i.v.), with ex-
cellent patient compliance and tolerability [21, 80].

Pathology

The histopathological examination of each SLN must be
particularly accurate, to avoid a false negative or a false
positive diagnosis. We have devised a very accurate pro-
tocol for the examination of axillary SLNs, which can be
applied either to frozen sections for an intraoperative di-
agnosis or to fixed and embedded SLNs [81]. Upon re-
ceipt of the SLN, the pathologist must remove the perin-
odal fibrous-fatty tissue, and bisect the lymph node
along the major axis. Small lymph nodes (up to 5 mm
thick) may be processed uncut, while larger lymph nodes
are sliced in 3- to 4-mm-thick slices.

From each moiety or slice of the SLN, 15 pairs of sec-
tions are cut at 50-mm intervals; whenever lymph node
tissue is left, additional pairs of sections, cut at 100-mm
intervals, are obtained until the node has been completely
sectioned. One section from each pair is stained with hae-
matoxylin and eosin (H&E) and examined. The mirror
section is kept for possible immunohistochemical staining
to ascertain the nature of any atypical cells, suspicious for
malignancy, that are detected in the H&E preparations.
We perform a rapid assay [82], based on a single incuba-
tion step with a monoclonal antibody to cytokeratins
(MNF116) directly coupled to peroxidase via a polymer
(EPOS Dako, Glostrup, Denmark). We normally avoid
performing a traditional intraoperative examination of the
SLNs, whereby only one to three frozen sections are ex-
amined and the rest of the node is left for the subsequent
examination of permanent sections. In this event, a high
rate of false negative intraoperative diagnoses is to be ex-
pected, with the need for a second operation to achieve
complete AD in almost 17% of patients.

The above-described extensive histopathological ex-
amination of the SLN has been designed to identify in

S51

European Journal of Nuclear Medicine and Molecular Imaging Vol. 31, Supplement 1, June 2004



the SLNs even micrometastatic disease (i.e. tumour foci
up to 2 mm in size) or isolated tumour cells (ITCs),
which can escape detection by less accurate evaluation.
ITCs are defined as single neoplastic cells or small clus-
ters of cells not larger than 0.2 mm which do not typical-
ly show evidence of metastatic activity (e.g. proliferation
or stromal reaction) or penetration of vascular or lym-
phatic sinus walls [83]. These cells are more commonly
identified with the use of immunohistochemical reac-
tions, but may also be recognised in routinely stained
sections. The actual prognostic value of axillary lymph
node micrometastases is still the subject of debate,
though most recent findings indicate that they correlate
with a worse overall survival [84, 85, 86]. From a practi-
cal point of view, however, the first question to be ad-
dressed is whether the detection of micrometastases in
the SLN should dictate completion of AD, or whether
the risk of additional metastases to non-sentinel lymph
nodes is low enough to allow axillary clearance to be
spared, as has been suggested [87, 88]. We [89] and oth-
ers [90] have demonstrated that the risk of additional
metastases to non-sentinel axillary lymph nodes in the
presence of micrometastatic disease in the SLN actually
ranges from 22% to 25%, and that when ITCs are pres-
ent in the SLN, patients have no less than a 15% risk of
additional metastases. Accordingly, outside of randomis-
ed clinical trials designed to test the value of AD in these
patients, the current practice in our institute is to com-
plete AD in all patients with SLN micrometastases or
ITCs. A randomised clinical trial has recently been
launched by the International Breast Cancer Study
Group (IBCSG) to assess whether patients with mi-
crometastatic SLNs should necessarily undergo complete
AD for a more extensive evaluation of the lymph node
status, or whether the information obtained by examina-
tion of the SLN only, coupled with the morphological
and biological characteristics of the primary tumour, is
sufficient to plan proper adjuvant treatment.

More recently, molecular biology assays have also
been adopted for the identification of so-called occult
metastases, i.e. metastases not detected by morphologi-
cal methods, including immunohistochemistry [91, 92,
93, 94]. Micrometastases in axillary lymph nodes detect-
ed by RT-PCR have been reported to be clinically signif-
icant, being an independent predictor of survival in a ret-
rospective series of patients [89]. Some researchers have
indicated that detection of tumour mRNA markers in the
SLNs of breast carcinoma patients may be more accurate
than histological examination in predicting axillary
lymph node status, or have recommended reverse tran-
scription-polymerase chain reaction (RT-PCR) as a more
feasible and practical assay than extensive histological
examination for an accurate diagnosis of SLN metastas-
es, with a similar detection sensitivity [90, 91, 92].

We have compared the results of RT-PCR assays with
those obtained by our extensive histopathological exami-
nation of the SLN from 123 patients [95]. A multiple-

marker RT-PCR assay of five different tumour mRNA
markers (cytokeratin 19, CEA, maspin, mammaglobin
and MUC-1) showed a good sensitivity (95.6%) but a
poor specificity (66.3%) when compared with histology,
and a lower predictive value with respect to the status of
the remaining non-sentinel axillary lymph nodes. In par-
ticular, we observed a high prevalence of positive RT-
PCR assays in histologically uninvolved SLNs, possibly
due to the occurrence of low-level expression of genes
by illegitimate transcription in normal resident cells of
the SLN. To overcome this limitation, we are currently
exploiting the use of quantitative real-time RT-PCR as-
says for differentiating the low-level “illegitimate” tran-
scription of some mRNA markers by non-neoplastic tis-
sues from the expected higher expression in neoplastic
cells.

Conclusion

It should be considered that introduction of the SLNB
procedure in any given institution requires a combined
effort which involves at least three different specialties,
nuclear medicine, surgical oncology and pathology, with
the addition of health physics.

However experienced a specialist is, there will be a
definite, significant learning curve which depends on
how rapidly the different operators develop the attitude
that they are working as a single team. Thus, the learning
curve should be related to the team rather than to the in-
dividual specialists, who will have to gain confidence in
all the various steps of the procedure and at the same
time rely on each other’s contribution to the entire pro-
cess.

Finally, SLN localisation has great potential to benefit
patients; however, care must be taken to ensure fair and
accurate information.
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