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ABSTRACT 

Over the past two decades, the sentinel lymph node biopsy (SLNB) based on sentinel node (SN) being the first lymph 
node that harbors metastases, revolutionized breast cancer management. SLNB presents much less morbidity when 
compared to radical axillary lymph node dissection (ALND) where all nodes are dissected irrespective of their metas-
tatic involvement. The purpose of this study was to evaluate the effectiveness of SLNB by investigating whether the 
histological characteristics of the SNs identified using scintigraphy are predictive of the histological characteristics of 
the ALN basin. Methods: Fifty-five female breast cancer patients underwent lymphoscintigraphy and SLNB followed 
by ALND. The histological status of the SN/s was correlated to the histological status of the ALNs to determine 
whether the SN accurately stages the ALNs in breast cancer. Results: During surgery, SNs were successfully isolated in 
52 out of 55 cases (94.5%) (range, 0 to 9). No SNs were identified in 3 cases (5.5%). Results demonstrate a significant 
association (p = 0.05) between the metastatic status of SNs and the corresponding ALNs in 42 out of 52 patients 
(80.8%), but with a high false-negative rate (FNR) of 37.5%. Conclusion: The findings of this study show that the sen-
tinel node concept provides the benefits of SLNB in the majority of instances. However, further work is required in re-
ducing the FNR. Once the effectiveness of SLNB as a staging technique is locally established, the need of ALND in 
SN-negative patients would be limited, thus improving the quality of life of Maltese breast cancer patients. 
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Dissection 

1. Introduction 

Over the past decades, axillary lymph node dissection 
(ALND) was universally accepted as the most accurate 
prognostic tool available in evaluating axillary nodal 
status and hence breast cancer staging [1-3]. The mini- 
mally invasive technique of the sentinel lymph node bi- 
opsy (SLNB) marked an important epoch in the history 
of breast cancer management [4,5]. The major drawback 
in performing routine ALND is associated with long- 
term complications including post-operative lymphedema, 
paresthesia, neuropathy, seroma formation, chronic shoul- 
der pain, joint disruption, weakness and reduced mobility 
[2,3,6-9]. The SLNB can therefore be used to select 
breast cancer patients needing total dissection [10], ca- 
tering for an improved quality of life and shorter hospital 
stay. The SLNB procedure does not exclude side effects, 
but risks are substantially reduced in comparison to the 
more invasive ALND [11-13]. 

Due to the steadily increasing rates in breast cancer in 
Malta, ranking among the highest in Europe at 34.4 per 
100,000 million [14], staging procedures with fewer 
complications were being sought. The SLNB was thus 
locally introduced in May 2009. The SLNB is based on 
the concept of the orderly progression of lymph node 
metastases, where only one or few lymph nodes (termed 
the sentinel node/s, (SN/s)) are the first to be reached by 
metastasizing cells from tumor dissemination [15,16]. 
All SNs need to be surgically harvested during SLNB to 
stage the disease, thus minimizing patient morbidity. It 
appears that the presence of more than 1 SN is a common 
finding in the context of breast cancer as multiple lym- 
phatic channels may emanate from the same lesion [17- 
19]. The lymphatic drainage of the breast (and hence the 
SN) is confined to the ipsilateral axilla in 75% to 95% of 
cases, although variation in the lymphatic flow exists 
[13,20-22].  
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It is well documented that there is a relationship be- 
tween the histological findings of the sentinel and axil- 
lary nodes, in that the SN represents the metastatic status 
of the axillary nodal basin. From this perspective, a tu- 
mor-negative SN equates to tumor-negative ALNs, simi- 
larly a tumor-positive SN indicates that breast cancer has 
metastasized to the ALNs [3,9,18]. Nevertheless, excep- 
tions exist in a minority of anomalous patients where the 
SN does not truly reflect the status of the axilla in terms 
of metastases, as the tumor may bypass the SN. This is a 
serious situation referred to as the false-negative rate 
(FNR) of SLNB, which accounts for 0% to 19% of biop- 
sies where ALNs positive for tumor are present beyond 
an undetected SN [8,23-25].   

The purpose of this study was to evaluate whether the 
histological characteristics of SNs identified on lympho- 
schintigraphy and harvested during SLNB, predict the 
histological characteristics of ALNs in terms of metasta- 
ses. This was achieved by correlating the histological 
status of the SN/s to the histological status of the ALNs. 

2. Materials and Methods 

The study was approved by the University of Malta Re- 
search and Ethics Committee (UREC ref. no: 077/2010). 
Approval to perform the research was also sought and 
obtained from the Imaging Department, Pathology De- 
partment and Data Protection Office of the hospital from 
where the data was collected. 

Between May 2009 and December 2010, data for 55 
consecutive pre- and post-menopausal female breast 
cancer patients aged between 27 to 81 years (mean 58.35) 
was considered in this retrospective study. Exclusion 
criteria were: pregnancy, lactation, previous surgery at 
the affected breast, clinically suspected metastatic in- 
volvement of the axilla (palpable axillary nodal metasta- 
ses) or cases of multifocal and multicentric carcinomas 
of the breast. In the latter more than one tumor is pre- 
sent in the breast quadrants and consequently commonly 
present with multiple drainage patterns involving more 
than 1 SN [26]. No males were included in this series. 

All candidates underwent lymphoscintigraphy and were 
scheduled to receive SLNB and total or partial back-up 
ALND at the general hospital in Malta on the same day 
or on the day following imaging. Patients were initially 
seen at the Nuclear Medicine Unit for the cutaneous (sub 
dermal) peri-areolar administration of the radiopharma- 
ceutical (15-25MBq of Tc-99m nanocolloid) within the 
tumor-bearing quadrant. There was no reported adverse 
or clinically detectable pharmacologic effect in any of 
the 55 subjects.  

Pre-operative lymphoscintigraphic imaging was per- 
formed between 1 to 2 hours following radiopharma- 
ceutical administration. Anterior, anterior oblique and 
lateral erect lymphoscintigrams were obtained in static 

views using a low-energy high-resolution collimator. In 
order to aid the localization of the SN during surgery, 
radiographers silhouetted the patient’s breast areas using 
a radioactive cobalt-67 flat flood wire source on the an- 
terior and lateral views whilst the anterior oblique view 
was used to locate the sentinel nodes with a cobalt-67 
pen source and marked the skin overlying the SN/s using 
inedible ink [27]. The number and location of the SN/s 
were recorded. The criteria for a successful breast lym- 
phoscintigram consisted of the demonstration of the in- 
jection site together with the visualization of at least 1 
SN [3].  

In order to facilitate intra-operative identification of 
the SN/s during surgery, a hand-held gamma-probe was 
utilized at all times and occasionally complimented by 
the relatively safe methylene blue dye technique. The 
blue dye is subdermally administered a few minutes prior 
to the commencement of the biopsy and allows the visual 
confirmation of lymphatic pathways from the tumor site 
to the SN/s [28,29]. During surgical exploration the SN 
was defined as the “hot” node, registering a radiation 
count tenfold the normal background on the gamma 
probe and/or the blue stained node with the associated 
blue dye technique [5]. A successful SLNB is defined as 
the identification and excision of at least 1 SN.  

During SLNB, lymph nodes were divided into 2 
groups: the radioactive nodes and/or the visually stained 
lymph node/s identified as SNs (specimen 1) and the 
remainder of lymph nodes excised through the axillary 
dissection (specimen 2). These 2 specimens, along with 
the breast specimen of the primary tumor were labeled 
and subjected to pathological analysis. 

The SNs and ALNs of each patient were placed in 
10% buffered formalin (pH7) to ensure proper fixation. 
Sectioned at 2 mm intervals, the entire SNs were sub- 
mitted for evaluation while the remaining ALNs were 
semi-bisected. These specimens were processed for tis-
sue shaping and impregnation. Subsequently, all nodes 
were embedded in paraffin wax according to standard 
procedures. For each specimen, initial sections were cut 
and de-waxed by hematoxylin and eosin (H & E) staining. 
The cover slips were microscopically evaluated by the 
consultant pathologist who reported any metastatic in- 
volvement of the lymph nodes. 

The patients’ age; number of visualized SNs during 
lymphoscintigraphy; corresponding number of identified 
SNs and ALNs during SLNB and their histological eval- 
uation in terms of metastatic deposit, was recorded re- 
trospectively by looking up lymphoscintigraphy reports 
and histology results. Diagnostic accuracy was calculated 
by the positive predictive values (PPV) and the false- 
negative rate (FNR) of the sentinel node histology com- 
pared to axillary node status (as the reference standard) 
[30] and evaluating the sensitivity and specificity of the 
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procedure. The FNR is calculated by the number of false- 
negative procedures divided by the sum of the true-posi- 
tives (TP) and false-negatives (FN) [6,31,32]. Sensitivity 
is calculated by the number of TP procedures divided by 
the sum of the TP and FN. On the other hand, specificity 
is the calculated by the number of true-negative (TN) 
procedures divided by the sum of the TN and false-posi- 
tives (FP) [32-34]. The evaluation of the positive predic- 
tive value is achieved by TP/(TP + FP), the negative pre- 
dictive value (NPV) by TN/(TN + FN), whereas accuracy 
is calculated by the sum of TP and TN divided by the 
whole population [34]. 

Data analysis was carried out using the Statistical 
Pack-age for the Social Sciences software (SPSS, version 
17.0) in which the Chi-square test was employed. All 
statistical measures were considered significant at the 
95% confidence interval (p < 0.05). 

3. Results 

A SN was identified on lymphoscintigraphy as visualiza- 
tion of an accumulation of foci in 52 out of 55 patients 
(94.5%) with visualization of a minimum of 1 SN in 
69.1% (38/55) of cases and a maximum of 2 SNs in 
25.4% (14/55) of patients. During surgery, a number of 
SNs were successfully isolated in 94.5% (52/55) of cases 
with a minimum of 1 SN up to a maximum of 9 SNs. In 
total, 105 individual SNs were surgically harvested dur- 
ing SLNB in 52 patients and none were excised in the 
remaining 3 patients. The complete range of sentinel 
node findings identified per patient is presented in Table 
1. In contrast, 424 ALNs ranging between 1 and 25, were 
removed during partial or total ALND in 55 procedures 
including the 3 patients where no SNs were visualized 
and identified (Table 2). 

An overview of the findings of this study is depicted in 
Figure 1. The sensitivity of SLNB in axillary staging 
was found to be 62.5%, the specificity 84.1% whereas 
the PPV and NPV were established as 41.6% and 92.5% 
respectively.  

Chi-square test results showed that there is a signifi- 
cant statistical association (p < 0.05) between the metas- 
tatic status of the SNs and the corresponding nodal status 
of the ALNs. In fact, the diagnostic accuracy of this 
study was established in 80.8% of cases (42/52), how- 
ever with a 37.5% false-negative rate (Table 3). 

4. Discussion 

The accuracy of this study was consistent with several 
audit studies (Table 4) which evaluated the efficacy of 
the SLNB technique by investigating the concordance 
between the SN and the respective ALNs status. The 
accuracy of the SNs to predict axillary status should 
ideally exceed 90% [21,46]. Nevertheless, the findings of 

the current local study established a lower rate of accuracy 
probably due to a number of factors: the SLNB was at its 
early stages of implementation with the staff still 
integrating the learning curve; the small sample size and 
the use of methylene blue only in some and not all of the 
cases [15]. 
 
Table 1. Number of surgically identified sentinel node/s per 
patient. 

No. of surgically  
identified SNs 

No. of 
patients 

Total No.  
of SNs 

Percentage
(%) 

0 3 0 55% 

1 30 30 54.6% 

2 10 20 18.2% 

3 6 18 10.9% 

4 1 4 1.8% 

5 1 5 1.8% 

6 2 12 3.6% 

7 1 7 1.8% 

8 0 0 0% 

9 1 9 1.8% 

Totals 55 105 100% 

Key: SN—sentinel node. 

 
Table 2. Number of surgically identified axillary nodes per 
patient. 

No. of surgically 
identified ALNs 

No. of  
patients 

Total No. of 
ALNs 

Percentage
(%) 

0 0 0 0 

1 1 1 1.8% 

2 5 10 9.1% 

3 3 9 5.5% 

4 2 8 3.6% 

5 6 30 10.9% 

6 8 48 14.5% 

7 8 56 14.5% 

8 4 32 7.3% 

9 4 36 7.3% 

10 2 20 3.6% 

11 3 33 5.5% 

12 0 0 0 

13 3 39 5.5% 

14 1 14 1.8% 

15 3 46 5.5% 

16 1 16 1.8% 

17 - 24 0 0 0 

25 1 25 1.8% 

Totals 55 424 100% 

Key: ALN—Axillary lymph node. 
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         55 Breast Cancer Patients

3 Unsuccessful SN visualization 
(5.5%)

52 Successful SN visualization 
(94.5%)

3 Unsuccessful SN identification  
(5.5%)

2 positive ALNs 

52 Successful SN identification  
(94.5%)

 SNs identified in 52 cases (100%)   SN identified in 0 cases (0%)

SLNB

SN scintigraphy

12 positive SNs

3 positive ALNs 

37 negative ALNs

7 negative ALNs

5 positive ALNs 

40 negative SNs  1 negative ALN 

 
Key: ALN - Axillary lymph node; SLNB - sentinel lymph node biopsy; SN - sentinel node. 

Figure 1. Flow chart demonstrating an overview of the findings of the study. 
 

Table 3. Chi-square test showing the relationship between histologic results of SNs and ALNs. 

ALNs status for metastases 
SNs status 

for metastases 
Positive ALN (+) Negative ALN (-) 

Total 

Count 5 7 12 
Positive SN (+) 

Percentage (62.5%) (15.9%) (23.1%) 

Count 3 37 40 
Negative SN (-) 

Percentage (37.5%) (84.1%) (76.9%) 

Count 8 44 52 
Total 

Percentage (100.0%) (100.0%) (100.0%) 

False-negative rate: 37.5% Sensitivity: 62.5% 

NPV: 92.5%       PPV: 41.6% Specificity: 84.1% 

Key: ALN—Axillary lymph node; SN—Sentinel node; NPV—Negative predictive value; PPV—Positive predictive value. 
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Table 4. Comparison of the SLNB identification and false-negative rates in other studies. 

Authors Year 
Sample 

Size 
Injection Technique 

SN/s Identification 
during SLNB 

Concordance 
between SN 
and ALNs 

FNR 

De Cicco et al. [24] 1998 250 Various 96% 97.5% n/a 

Hill et al. [35] 1999 500 Intradermal or Peri-tumoral 93% n/a 10.6%

Borgstein et al. [36] 2000 220 Peri-tumoral or Peri-areolar 94% n/a 5% 

Haigh et al. [37] 2000 283 Peri-tumoral 81% 98.7% 3.2% 

Birdwell et al. [38] 2001 136 Peri-tumoral 94% n/a 8% 

Motomura et al. [39] 2001 138 Subdermal 94.9% 96.5% 0 

Wong et al. [40] 2001 1436 Various 90% n/a 8.3% 

Kumar et al. [41] 2003 59 Intradermal or subdermal 100% n/a 0 

Chagpar et al. [42] 2004 1431 Peri-tumoral 91.1% n/a 8.6% 

Chagpar et al. [42] 2004 148 Sub-areolar 99.3% n/a 8.3% 

Chagpar et al. [42] 2004 183 Peri-areolar 95.6% n/a 8.9% 

D’Eredita et al. [43] 2005 115 Subdermal 94.8% n/a 9.1% 

D’Eredita et al. [43] 2005 40 Sub-areolar 97.5% n/a 0 

Martin et al. [44] 2005 645 Dermal or subdermal n/a n/a 7.4% 

Martin et al. [44] 2005 123 Peri-areolar or subareolar n/a n/a 7.3% 

Martin et al. [44] 2005 478 Peri-tumoral n/a n/a 8.6% 

Namwongprom et al. [3] 2005 35 Peri-tumoral or subdermal 91.4% 87.5% 30.8%

Povoski et al. [45] 2007 371 Intraparenchymal Intradermal or Sub-areolar 95% n/a n/a 

Ferreira et al. [46] 2008 50 Sub-areolar 96% 97.9% 6.25%

Abdollahi et al. [47] 2009 202 Peri-areolar (intra-dermal) 89% n/a n/a 

Nakashima et al. [34] 2009 60 Peri-areolar (intradermal) 98.3% 71.4% 1.7% 

This study 2012 55 Peri-arealor (subdermal) 94.5% 80.8% 37.5%

Key: SLNB—Sentinel lymph node biopsy; ALN—Axillary lymph node; SN—Sentinel node; FNR—False negative rate; n/a—not applicable. 

 
These audit studies presented SN identification rates 

during SLNB ranging from 81% to 100%, which compare 
well with the local identification rate. Identification rates 
are expected to improve as the experience with the 
biopsy technique continues to evolve, with the procedure 
becoming more refined thus increasing the accuracy 
[3,21,30].  

For the SLNB to be effective, the “true” SN must be 
identified, that is, the node that receives direct drainage 
from the tumor [30]. Successful lymphoscintigraphy, the 
use of the methylene blue dye technique together with 
the gamma-probe guided SLNB (combined method) and 
the absence of metastatically involved SNs and ALNs 
increase the ability of the intra-operative SN identifica- 

tion during SLNB [15,29]. There appears to be an ongo- 
ing debate on the optimal number of sentinel nodes that 
need to be harvested to ensure accurate axillary staging. 
Wong et al. [40] argue that the identification of a single 
SN impacts negatively on the FNR when compared to the 
removal of multiple SNs which drastically minimizes 
FNRs. As opposed to the practice of excising all stained 
and/or radioactive lymph nodes, Lynch et al. [48] insist 
that 100% accuracy is achieved when a minimum of 3 
SNs are excised. In contrast, the observed decline in the 
accuracy of the present study and an established high 
FNR could be attributed to the fact that in half of cases 
(54.6%) only a solitary SN was excised with only 21.7% 
of patients having 3 or more SNs removed. 
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Factors that may compromise diagnostic accuracy in- 
volve the choice of radiopharmaceutical, the technique 
and site of injection and patient positioning during imag- 
ing [21,31]. A large multi-centre clinical trial published 
by Chagpar et al. [42] reported an identification rate of 
91.1% for peritumoral injections, that contrasts with the 
99.3% rate achieved when the patients in the same study 
underwent sub-areolar injections. Gross tumor involve- 
ment of the nodes may also impair the uptake of both the 
radiopharmaceutical (detected by imaging and/or the 
gamma probe) and by the blue dye resulting in failure in 
isolating the true SN [19]. In fact 2 out of the 3 patients 
(66.67%) in the local study who had no SNs surgically 
identified, were histologically diagnosed with Grade II 
and Grade III invasive ductal carcinoma respectively. 
The latter case being reported to harbor ALN metasta- 
ses in 25 nodes. This metastatic infiltration implies that 
the failure to harvest the nodes was presumably due to 
the aforementioned arguments rather than failure of the 
SLNB technique [49].  

Although SLNB has been proposed as an alternative to 
the routine aggressive ALND, reported FNRs vary 
widely from 0% to 30.8% (Table 4). The FNR of the 
SLNB alternatively referred to as skip metastases, repre- 
sents the proportion of patients with no SNs harboring 
metastases but with subsequently positive ALNs for me- 
tastases [13, 31]. The implications of FNR are that it un- 
reliably classifies patients as having no metastatic nodes, 
in the likelihood of persistent nodal involvement [44].  

The sensitivity (62.5%) and specificity (84.1%) of the 
local study are similar to the ones obtained by Naka- 
shima and colleagues [34] who report a sensitivity of 
62.1% and specificity of 81.5%. The weakness in this 
local study is evident by the higher FNR. This unex- 
pected finding is higher than other FNRs reported in the 
literature [3,8,23-25]. It is well documented that several 
factors account for false-negative results in SLNB. Tu- 
mor cells passing through the SNs and metastasizing into 
other nodes in the axillary basin metastasizing into other 
nodes in the axillary basin (non-SNs) may cause FNRs 
[3,34]. Adding to this, an extensive involvement of the 
relay SN may obstruct or alter the lymphatic drainage to 
a node other than the “true” SN, compromising the FNR 
[34,50]. The excision of only 1 SN has also been sugges- 
tive of high FNRs, so the trend is to harvest multiple 
nodes by simultaneously employing both the blue dye 
and intra-operative gamma probe techniques [40,44]. 
Another mechanism that is responsible for high FNRs is 
the different pathological analysis of SNs. Immunohis- 
tochemistry after H & E staining reveals occult lymph 
node metastases and significantly reduces the FNR by 
10% - 36% [13,51,52]. Also in some rare cases lym- 
phatic drainage occurs through the mediastinum and not 
through the axilla [20, 21].  

Concern has been raised over the limited technical ex- 
perience in SLNB which results in a relatively high inci- 
dence of FNR [3,16,47] as observed in this local study. 
In fact, it was noted that 70% of false-negatives occurred 
during the biopsy of the first 30 patients performed lo- 
cally with this technique. False-negatives may arise due 
to the inability to harvest the true sentinel node during 
the biopsy, therefore training on how to selectively iden- 
tify the SN is recommended. One possible way of 
achieving this, as suggested by Cantin et al. [53] is to 
have the personnel attend a continuing medical education 
course, or alternatively host a visiting surgeon to share 
the expertise in SLNB. At the end of the training pro- 
grams and once all entities attain proficiency in the tech- 
nique, the FNR are expected to improve [44]. Literature 
documents that a definite technical “learning curve” ex- 
ists before the personnel become proficient in SLNB 
because of its technically-demanding process [54]. When 
the technique is mastered it yields successful biopsies 
without compromising survival; however the number of 
cases required accomplishing skill and aptitude is still 
controversial [3,20]. In the interim, owing to the high 
incidence of FNR experienced locally, it is not advisable 
to locally abandon ALND until the SN biopsy is locally 
established to be an accurate staging technique [44]. 

Another limitation encountered in the local study was 
the assumption that that the two performing surgeons had 
acquired the same level of expertise in the SLNB tech- 
nique which was being introduced locally. 

5. Conclusions 

This study provides a preliminary evaluation of the local 
introduction of the lymphoscintigraphy guided SLNB as 
a staging technique. In 80.8% of cases, the SN accurately 
predicted the metastatic status of the axilla and thus es-
tablishes the usefulness of SLNB. However, the impact 
of the 37.5% FNR remains unclear and emphasis should 
be made to extensively reduce this rate as it can jeopard- 
ize patient prognosis since missed nodes might lead to 
under staging while retained metastatic axillary nodes act 
as a potential source of distant metastases [1,34,50]. 
FNRs are regarded as the indicator of the accuracy of 
SLNB procedure and may relate to the technical factors 
that ought to improve once the learning curve is bypassed 
[49,55].  

A study using the same methodology and objectives is 
recommended in a few years’ time whereby the “learning 
curve” of SLNB is expected to improve locally. Once the 
transitional period of the SLNB as an alternative to 
ALND takes place, further investigation concerning the 
sensitivity, specificity, accuracy and false-negative rates 
of SLNB are warranted within the local scenario. In ad- 
dition, when SLNB is established as the standard treat- 
ment of care for sentinel node-negative patients, a pro- 
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spective study designed to follow-up patients for the pos- 
sible recurrence of metastases and survival outcome 
should be conducted [56] since limited data is available 
in this context locally.  

With the introduction of the SN concept, breast cancer 
management has dramatically evolved towards mini- 
mally invasive approaches [1,57]. The intent of this de- 
veloping treatment paradigm is to maximize the concor- 
dance rates whilst minimizing the FNRs. Hopefully, in 
the near future, improvements in the SLNB technique 
should increase its usefulness as a staging technique and 
would obviate the need of ALND in patients with a nega- 
tive SN status for metastases, thus improving the prog- 
nosis of Maltese breast cancer patients. 
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