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Introduction
Lymph node status is considered the most important prognostic 

factor in breast cancer diagnosis, together with tumor size, histological 
grade, angiolymphatic invasion and the detection of hormone 
receptors and HER-2 [1]. Four or more affected lymph nodes, nodal 
capsular invasion, capsular extravasation, and nodal coalescence by 
metastases are indicative of a poor prognosis. The identification of any 
of these findings should always be reported as the presence of these risk 
factors may be indicative of breast cancer recurrence; however this is 
controversial in the literature [2].

Studies have shown that the chances of survival of many patients 
worsens with the increased detection of positive nodes, since the 
probability of finding a predictive positive node increases with the 
number of lymph nodes examined [3]. There is evidence that many 
metastatic foci are found in lymph nodes measuring 5 mm or less [4].

There is no consensus as to the minimum number of 
lymph nodes to be dissected for accurate staging, especially 
in cases of pN0. The UICC [5], by the TNM system, suggest 
a minimum of 12 lymph nodes should be dissected; Sommer, 
Thomas & Dixon [6] suggest 16 and Millis et al. [7] suggest 24. 
Salama et al. [8] found that detection of less than 10 lymph nodes by 

axillary dissection is statistically related to a decrease in survival time 
from 10% to 15%.

Ideally, all lymph nodes should be removed by the surgeon and 
examined by the pathologist, which is empirically impossible to carry 
out by the traditional manual, classical or conventional methods [9]. 
The conventional method was performed by sectioning adipose tissue 
with a blade  in  parallel intervals of 4.0 mm, initially seeking large 
lymph nodes, greater than 4.0 mm, by direct vision and smaller lymph 
nodes, less than 4.0 mm, by tactile perception through palpation of the 
adipose tissue. The dissection should be carried out meticulously within 
the limitations of the conventional method, since lymph nodes can be 
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Abstract
Introduction: The isolation of lymph nodes less than 4.0 mm in diameter from the fatty tissue of surgical 

breast cancer specimens through the traditional method of tactile perception is difficult, time consuming and failed 
the identification of smaller lymph nodes. The reported numbers of lymph nodes detected through this technique 
vary widely in the literature demonstrating its inappropriateness. The use of fat clearance techniques however may 
contribute to the isolation of additional nodes, allowing for appropriate pathological staging of the disease. 

Objective: To evaluate the impact of the use of fat clearance machinery and solutions in the dissection and 
identification of lymph nodes from axillary dissections of patients with breast cancer. 

Materials and methods: Fat clearance techniques (cooker, electric spiral, modified Koren clearing solution 
and formaldehyde-acetic alcohol solution) were applied to 100 breast cancer axillary dissections from males and 
females with no age restriction over a period of two years (2009-2011). 

Results: Through the use of fat clearance methods, additional 174 metastases in 564 lymph nodes were 
found, more than the classical method, from which 449 metastases in 1426 lymph nodes were identified. There 
was no statistical difference between the fat clearance methods; however the cooker method demonstrated greater 
efficiency than the modified Koren clearing solution method.

Conclusion: The fat clearance methods described here have various advantages over the classical method. 
These methods are viable, rapid, practical, inexpensive and do not alter the quality of histological analysis or 
immunohistochemical reactions. The findings show that examination of a minimum of 20 isolated lymph nodes is 
necessary for optimal identification and diagnosis of lymph node metastases. The main outcome from this study 
were the immediate benefits generated by adopting new technical procedures resulting in a change in pathological 
staging classification in 14% of the patients. 
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juxtaposed to blood vessels or larger lymph nodes, which probably 
cause their loss during dissection by the classical method.

There are numerous procedures to evaluate and facilitate the 
isolation of lymph nodes lost with simple palpation. Clearing of the 
axillary specimen is not necessary to identify cases with macroscopic 
positive nodes, but it is of paramount importance to identify minute 
axillary lymph nodes smaller than 2 mm to improve the accuracy of 
staging of lymph nodes in breast cancer.  The methods used should 
be easy, fast and inexpensive. Table 1 contains a list of authors who 
investigated lymph node dissection using the traditional method and 
using fat clearance methods in breast cancer cases.

Durkin and Haagensen [10] report that Monroe, in 1948, was 
probably the first researcher to use fat clearance methods to identify 
lymph nodes in 87 radical mastectomy specimens and found 31 lymph 
nodes per specimen. Most authors agree that there is benefit to the 
number of lymph nodes dissected however there is controversy as to 
whether the extra time and resources consumed by these processes 
justify its routine use [11]. The present study addresses this controversy.

Objective
To evaluate the impact of using fat clearance methods for the 

identification of lymph nodes in axillary dissections from patients with 
breast cancer. 

Materials and Methods
All material was derived from 100 surgical axillary dissection 

specimens previously fixed in 10% buffered formalin, from patients 
of both sexes with breast cancer, irrespective of age, received at the 

Department of Pathology, Hospital Universitário Antonio Pedro 
(HUAP) over a period of two years (2009 to 2011).

After dissection of lymph nodes of all cases by the classical method 
the remaining fat of each specimen were grouped randomly in groups 
of 25 cases and each group was submitted one of the methods for 
clearing fat described below (Figure 1).

The distinctive fat-clearing methods were:

1) Electric aluminum spiral boiler (Resiswal®), 1000W 127V, 
placed in a container or stainless steel saucepan with water covering 
the material and heated for 15 to 30 minutes, following manufacturers 
recommendations: the maximum water level should not reach the 
spiral cable; the boiler should never be turned on or off out of the 
water; the spiral extremity should always be covered with water; and 
the manipulation of the material should only be carried out after the 
tissue had cooled (Figure 2A).

2) Electric pan (Vicini®) with a temperature display ranging from 
80°C to 180°C and filled with water. A temperature of 100°C for 15 to 
30 minutes was used and material was handled only after cooling. The 
average price for this Electric pan is US$ 100.00 (Figure 2B).

3) A modified fat-clearing solution described by Koren et al. [4]. 
The solution was made by mixing 65 mL of commercial 99.3 % ethyl 
alcohol, 20 mL of diethyl ether, 5 mL of glacial acetic acid and 10 mL of 
10% buffered formalin. The fat tissue was immersed in this solution for 
12 h overnight in a water bath and was not heated or exposed to heat 
due to the ether content.

4) An solution of acetic acid and formaldehyde-alcohol (AAF 

FAT FROM AXILLARY LYMPH

RE-ISOLATION OF LYMPH NODES

MACHINERY FAT CLEARANCE SOLUTIONS

Electric 
Spiral

Electric 
Cooker

Koren’s 
Solution

AAF’s 
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Figure 1: Schematic summary of the methodology used.

Author Year No ; pT  STADIUM
Classic Methods

NO metastasis /lymph 
nodes

Type of clearing method
Clearing methods

NO metastasis /lymph 
nodes

Pickren [20] 1961 125; T1-2 ---x--- Pickren clearance solution 22 / 223
Haagensen et al. [3] 1972 317; T1-2 ---x--- Pickren clearance solution 1 / 31

Durkin et al.[10] 1980 100; T1 ---x--- Absolute alcohol and shaker 370 / 500
Hartveit [17] 1982 15 ---x--- Clearance solution 1 / 63

Morrow et al. [22] 1984 42; T1-2 22 / 857 Absolute alcohol overnight 33 / 257
Kingsley et al. [18] 1985 100 211 / 2203 Clearance solution 17 / 412

Koren et al. [4] 1997 13 6 / 79 Clearance solution 14 / 84
Sternberg et al. [19] 1997 49; T1-2 143 / 794 Pickren clearing solution 10 / 60

Ustün  et al. [21] 1999 30 46 / 150 Clearance solution 10 / 26
Jiang  et al. [23] 2007 127 ---x--- Carnoy clearance solution 58 / 879

No = number of patients; T = pathological stage of the tumor

Table 1: Summary of lymph node dissection by the classical method and using fat clearance methods in cases of breast cancer according to the results from the literature.
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solution), which is the usual fixative for cell blocks. This solution was 
prepared with 85 mL absolute ethyl alcohol (99.3%), 10 mL buffered 
10% formaldehyde and 5 mL glacial acetic acid. The fat tissue was 
immersed in this solution and placed in an oven at 60°C for 15 minutes.

After the methods above were carried out, the fat was re-dissected in 
search of lymph nodes which were subsequently fixed in 10% buffered 
formalin for subsequent paraffin embedding and routine histological 
processing. Histological sections of 4 μ were obtained from the paraffin 
block and stained with hematoxylin eosin (HE) to identify and confirm 
the histopathological diagnoses.

To perform immunohistochemistry on lymph nodes, a tissue 
microarray (TMA) block containing 100 cores, each 1.0 mm in 
diameter and spaced by 2.0 mm on a 10x10 grid was constructed [12]. 
Immunohistochemistry was performed with streptavidin-biotin-
immunoperoxidase (Biogenex, USA) using glass slides pre-treated with 
4% aminopropyltrithoxysilane (or “Silane”) solution, antibody diluted 
development system Envision Kit and DAB + (DAKO®  Corporation, 
Carpentry - USA) as chromogen. Labelling in brown, strong, clear and 
unambiguous on nuclear/ cytoplasmic/ membranous location was 
considered as positive criterion according to each antibody. Technical 
details of the antibodies used are noted in Table 2.

The status of the axillary lymph nodes was evaluated by counting 
the total number of nodes with or without metastasis using the classical 
method. Then we evaluated the status again with the total number of 
lymph nodes (classic+clearing methods) and recorded it as follows: 
no metastasis reported as zero, and when metastasis was found, it was 
calculated as the total number of lymph nodes with metastasis over the 
total number of nodes encountered. Metastasis greater than 2.0 mm 
were considered as macrometastasis, and metastasis between 0.2 and 
2.0 mm as micrometastasis.

The data was compiled in individual protocols and computed in 
Microsoft Excel spreadsheets for subsequent analysis in SPSS (Statistic 
Package for Social Studies) version 17. The level of significance was set 
at p <0.05.

Results
Demographics: A total of 100 patients, 98 females and 2 males, 

made up the study group. Patients were aged from 26 to 84 years (μ = 
59 years); two patients were under 35 years, 20 patients were between 
35 and 49 years and the remainder were over 50 years. Seventy-five 
specimens were obtained through radical mastectomies and the 
remaining cases from segmentectomy surgical procedures, all of them 
with axillary dissections. Right breast specimens accomplished 51% 
of all cases. Primary tumors were predominantly located in the upper 
lateral quadrant (30), followed in descending order by the  retro areolar 
region (17), and lateral quadrants of upper quadrants (11 each); union 
of medial quadrants (nine); inferior lateral quadrant (eight); medial 
lower quadrant (six); union of the lower quadrants and medial upper 
quadrant (four each). The predominant histological type was invasive 
ductal carcinoma (86), followed in descending order by infiltrating 
lobular types (seven), medullary (three), papillary (two), mixed and 
metaplastic (one each). The predominant histologic grade was grade II 
(47), followed by III (23) and I (13) and in 17 cases there was no report 
of the degree. The size of the primary tumor ranged from 1.0 to 130 mm 
(μ = 44 mm), with a prevalence in size of between 20 to 50 mm (pT2) 
in 60 cases, less than 20 mm (pT1) in 16 cases and greater than 50 mm 
(pT3) in 24 cases. From all groups of 25 cases/method, 210 histological 
blocks were obtained (μ = 2 blocks/case) being 60 blocks (μ = 2.4) from 
the group treated with Koren modified clearing solution, 55 blocks (μ 
= 2.2) after the use of the spiral, 48 (μ = 1.9) submitted to AAF solution 
and 47 (μ = 1.8) using the electric pan.

After the use of clearance solutions and machinery, we have found 
174 metastasis in a total of 564 lymph nodes, which were not detected 
in the classical examination. We think this is of paramount importance 
because that metastasis might change the status and prognosis of the 
disease. In 95 cases, lymph nodes less than 3.0 mm were isolated, and 
metastases were found in 29 in these (Table 3).

The finding of metastatic lymph nodes in three cases and more 
metastases in eleven cases changed the pathological staging (pN) in 14 
patients. 

The statistic methods showed that there was no significant difference 

BA

Figure 2: Machinery used: aluminum spiral (A) and electric cooker (B).

Antibody* Clone Isotype Species Dilution Incubation
Antipanceratine 

(AE1/ AE3) (monoclonal) IgG1 Mouse 1/400 Overnight
6oC

Anti-LCA 
(CD45) PD7 IgG1, Kappa Mouse 1/900 Overnight

6oC

Anti-ERα 1D5 IgG1, Kappa Mouse 1/600 Overnight
6oC

*Manufacturer: DAKO® Corporation, Carpentry - USA; Antigenic reactivation: 
citrate pH 6.0

Table 2: Antibodies.

Methods
Classical Method

Machinery and 
clearance solution 

methods
Total

Metastasis / lymph 
nodes

Metastasis / lymph 
nodes

Metastasis / 
lymph nodes

121 / 372 Pan 23 / 105 144 / 477
95  / 400 Spiral 51 / 156 146 / 556
90  / 306 CS 61 / 164 151 / 470
143 / 348 AAF 39 / 139 182 / 487

Total  449 / 1426 174 / 564 623 / 1990

CS = modified Koren clearing solution; AAF = formaldehyde-alcohol acetic acid 
solution

Table 3: Distribution of samples according to the amount of lymph nodes isolates 
with and without metastasis before and after the use of fat clearing methods and 
the total.
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(48 cases) pointing to, in accordance to the literature, the possibility 
of a worse prognosis and an unfavourable evolution of illness    [13]. 
During this study, three of the patients who died were over 50 years 
and had histopathological diagnoses of infiltrating ductal carcinoma, 
two of which positive for microscopic factors for poor prognosis such 
as pN2 and pN3, which are associated with a poor prognosis, neoplastic 
capsular invasion of the lymph node, extra capsular extension, neoplastic 
lymphatic and blood emboli, perineural invasion, involvement of skin 
necrosis, multifocality and multicentricity, and one case triple negative 
by immunohistochemical staining. According to the literature, the 
incidence of breast cancer is relatively rare before 35 years of age, 
with a rapid and progressive increase from 35 until 50 years, with an 
incidence reduction in the following decades. The two cases under 35 
years had a common pathological type (infiltrating ductal carcinoma), 
large tumors (> 70mm), high histological grade, a high number of 
lymph nodes (> 25), neoplastic emboli nodes, neoplastic invasion of the 
lymph node capsule, extracapsular extension, lymph node coalescence, 
an advanced pathological stage (ypT4), hormone receptor positivity 
and Cerb-B2 positivity. KURU et al. [14] reported that a tumor size 
greater than 20 mm, a high histological grade (poorly differentiated), 
neoplastic lymphovascular invasion and a patient aged less than 35 
years or greater than 49 years, are associated with poor prognosis.

The average tumor size in our series was large (average pT = 44 mm) 
probably due to difficulties in the early detection of breast cancer and 
due to the variety of risk factors and genetic characteristics involved in 
the etiology [15].

In accordance with the literature, our sample was predominantly 
female (98%). When compared to women, breast cancer in men 
is generally diagnosed at a more advanced stage with lymph node 

between the methods. That is the reason for the comparison of the 
data of four different methods with the classic method. The Kruskal-
Wallis test indicates no statistically significant difference (p> 0.05) in 
the proportion of lymph nodes found after the use of machinery and 
clearance solutions by the four methods (H = 2.716, df = 3, p-value = 
0.438). This means that technological methods are equally effective in 
detecting lymph nodes. Although there is no difference in the mean 
proportion of nodes isolated between the methods, there was a trend of 
greater efficiency of the electric pan method over the modified Koren 
clearing solution (Figure 3). In 70 cases  in which the   axillary lymph 
were positive a greater number of lymph nodes were found, whether 
being metastatic (623) or not (1428) (μ  = 8 metastases/20 lymph 
nodes).  Immunohistochemistry previously performed on mammary 
tumors (data collected from the pathology archives) revealed 15 
cases were triple negative, and 29 cases were positive for Cerb-B2, 
65 for estrogen receptor (ER) and 68 for progesterone receptor (PR). 
Immunohistochemistry performed on the lymph nodes, after the fat 
clearance methods, from the TMA block constructed for comparison 
of the primary tumor and to assess the condition of the material, 
showed immunoreactivity with anti-LCA (CD45) in 95 cases; the other 
five cases were represented by fat. 

From a total of 100 cases, 27 lymph nodes were ER positive, the 
same as the findings of exam performed on the breast in 22 cases; the 
pankeratin (AE1/AE3) immunostaining on the lymph nodes showed 
positivity in 42 cases, and 26 cases coincided with the positivity of ER 
on the breast (Figures 4 and 5).

Discussions
Most patients (77 cases) were over 50 years of age, 40 of them  with 

locally advanced tumors of which some  received neoadjuvant treatment 
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Figure 3: Box-and-whiskers plots according to the proportion of isolates lymph nodes after the use of clearing methods of fat.
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metastasis. In acordante to the literature, male incidence was also very 
low (1%) in our study  [16].

All the substances used in the methods presented here are easily 
found in pathology laboratories, and proved to be quite fast because 
the average time spent with the clearing methods of fat immersed in 
the solutions and cooker was about 15-30 minutes (the optimal time 
is 15 minutes because analytical artifacts) and another 30 minutes for 
the manual isolation, except for the overnight procedure described by 
Koren et al. [4]. Moreover, they are inexpensive highlighting the low 
price of the electric pan cited in the text which is about US$100.00 

The danger in using the electric spiral boiler was also noted due 
to the close proximity of the electricity source and the liquid medium 
(water), requiring special care and attention from the user due to the 
risk of fire or electric shock. In addition the boiler’s resistance is low, 
which may cause rapid wear of the machine, and not allowing the 
control of the medium temperature of the experiment.  An industrial 
thermometer was used here, which is fragile and costly. In relation to 
the modified clearing solution, Koren et al. [4], care must always be 
taken with solutions containing ether as they cannot be exposed to 
any form of heat. We observed no problems with the cooker, which is 
portable, inexpensive, easy to use and clean, controls the temperature 
through a display and is environmentally friendly since water is used 
as a solvent.

However, in one of the five cases from which small lymph nodes 
were not isolated, a focus of micrometastasis was isolated after the use 
of modified Koren clearing solution. For this reason the patient was 
re-staged. Hartveit et al. [17] found 63 negative lymph nodes using a 
clearance solution and a micrometastasis, which was not found during 
routine processing.

The methods described here do not dilute the fat completely; instead 

they clear it, allowing easier identification of lymph nodes, especially 
those smaller than 4.0 mm. Although most pathologists support the 
prognostic importance of lymph node isolation, many find the use of 
fat clearance solutions time consuming and the results to be unreliable 
[18,19]. Two blocks per case were used in this study demonstrating that 
the methods are inexpensive, easy and fast. Niemann et al. [11] reported 
that there is no consensus on whether to include all major lymph nodes 
(4.0 mm or greater), however our study supports the inclusion of all 
lymph nodes as the results justify the costs, which are not excessive. 
Koren et al. [4], argue that we must resort to means that can improve the 
isolation of lymph nodes when less than 10 lymph nodes are detected 
by the classical method. Although it is debatable, we recommend that 
a minimum of 20 lymph nodes to be isolated to increase the chances of 
finding metastatic nodes (p = 0.0005). Durkin and Haagensen [10] and 
Pickren [20] report increases of 19% and 22%, respectively, in detecting 
lymph node metastasis after use of fat clearance solutions. Fat clearance 
techniques and lymph node dissection allow the detection of those 
smaller than 1.0 mm. The more lymph nodes examined, the greater the 
possibility of metastasis identification. The literature is full of articles 
about the theme, including works showing benefits with the use of 
these solutions on intestinal fat. We consider that optimizing results 
in order to minimize errors and to improve specimen’s examination 
is important to the patient. Metastasis was found in some of the 
additional lymph nodes detected with the application of the proposed 

TMA Fit: A- HE, IHC: B- ER, C- AE1/AE3, D- LCA

A B

C D

Figure 4: The hematoxylin eosin (HE) and immunohistochemistry (IHC) 
performed on the TMA block.

Case 3 - Pan: TMA – A- HE; IHC: B- ER (+), C - AE1/AE3 (+); D- LCA (+) (5x)

Case 27- spiral: TMA –A- HE; IHC: B- ER (+); C - AE1/AE3 (+); D- LCA (+) (5x)

A B

C D

A B

C D

Figure 5: The microscopical performed according to the method used.
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methods, changing the stage of the disease. We believe that this result 
could favor the  evaluation  of the real  prognosis of patients and to 
design the therapeutic approach.

The largest lymph nodes detected by the classical method and after 
the use of clearance machinery and solutions were 65 mm and 28 mm, 
respectively. Ustun  et al. [21]  reported lymph nodes of 68 mm and 
42 mm , respectively, showing that our methods have the potential to 
identify smaller lymph nodes. The average size of lymph nodes in our 
study was 12 mm. The percentage of lymph node metastasis was higher 
(62%) when the diameter of the largest lymph node was found to be 
smaller than 9.0 mm, probably because the average diameter of the 
tumor remained constant (43 mm) and due to the uneven distribution 
of the number of cases and pathological staging of patients. In the 
literature no studies relating size and lymph node metastasis were 
found, but reports on the extent of the largest metastasis. When the 
metastasis had a diameter between 10 and 19 mm, a greater amount 
of metastases (98) and lymph nodes (174) were observed. Morrow et 
al. [22] investigated 42 patients; T1 and T2, using four alcohol washes 
of progressive concentrations, finding approximately 30% more lymph 
nodes after the use of these solutions; however this finding did not 
change the staging of the patients. Jiang et al. [23] used Carnoy solution 
composed of 60 mL absolute ethanol, 30 mL chloroform and 10 mL 
glacial acetic acid, two to three times in 127 breast cancer cases, and 
found that the pathological staging of lymph nodes (pN) changed in 
seven cases, from pN0 to pN1 in four cases, pN1 to pN2 in two, and 
pN2 to pN3 in one case, reporting the importance of isolating small 
lymph nodes. 

After optimizing these methods, it was noted that they do 
not interfere with the quality of materials in routine staining or 
immunohistochemistry, confirming the observations of the authors 
in Table 1. (Figures 4 and 5). In accordance to the literature, which 
reports that 10% to 15% of cases are triple negative or basal cases, 
immunohistochemistry carried out on breast tumors showed that 
15% of cases were triple negative or basal [24]. In our study, the 
immunohistochemistry performed on the TMA block revealed that the 
methods used did not interfere with the immunostaining since the anti-
LCA antibody marked the majority of cases (95%). Immunostaining 
for ER in the TMA material showed only 27% positivity compared 
to the same techniques performed in breast cancer tissue, which 
showed 65% positivity. Nevertheless, studies have reported that there 
is significant disagreement between the hormone receptors in primary 
and metastatic breast cancer by up to 37% of cases according to Broom 
et al. [25] and up to 30% of cases, as reported by Lower et al. [26]. Five 
cases were positive for RE but were negative for the breast cancer tissue, 
while pan-keratin positivity in several cases presenting with metastasis 
(42%) for breast cancer were negative for ER. The respective findings 
demonstrate the possibility that immunonegativity for ER may be 
intrinsic to the patient or assigned to different representative areas 
of the tumor and not related to the interference of the fat clearance 
methods

In both males, the rate of positivity of ER was between 50% and 
100%. Although breast cancer in men is similar to that of women, 
notable differences in hormone receptor positivity have been reported, 
with men having higher rates of positivity (81% ER positivity and 74% 
PR positivity) than females whose positivity is 57% for both receptors 
[27]. As previously reported, the discrepancy between the positivity of 
these markers and poor patient outcomes may be related to a delay in 
diagnosis.

Clearing of the axillary specimen is not necessary to identify cases 

with macroscopic positive nodes, but it is of paramount importance to 
identify small axillary lymph nodes and even smaller than 2 mm and 
improve the  accuracy of  staging of lymph nodes in breast cancer. 
In  76% of the specimens  changed  from pT1 and pT2 pathological 
stages. Among those, 14% had the pathological stage changed to  an 
even  higher stage by the use of the applied methods. We think that 
the contribution of this work is to benefit patients allowing the correct 
pathological staging and the appropriate therapeutic approach.

The methods of routine histological investigation of the axillary 
nodes in breast carcinoma shown here adds reliability to the 
pathologist’s report, giving attention to details, but little extra team in 
laboratory work.

Conclusions
We conclude that the methods used here present great advantages 

over the classical method. This study emphasizes that these methods 
are viable, fast, practical and affordable. They do not interfere with the 
histological quality of the samples or with the immunohistochemical 
reactions. We report that these methods are important for internal 
quality control in the anatomical pathology laboratory, especially when 
there is discordance between clinical signs of the patient and the clinical 
report issued, or when the number of nodes is lower than previously 
expected and / or reported. 
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