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Abstract

Objective: Nodal status is still the most important independent prognostic factor in breast cancer.
In this study, we aimed to investigate the effect of lymph node revealing solution (LNRS) on the
number and diameter of removed lymph nodes and nodal staging.

Study Design: Consecutive 150 patients, diagnosed breast carcinoma, were included in the study.
After excising the lymph nodes by the traditional method, remaining axillary tissue was immersed
in LNRS for 6-12 hours. lymph nodes, which stood out as white chalky nodules, were excised and
processed as usual.

Results: An increase of 5.80 (32.03%) in the number of lymph nodes per case was observed, which
was statistically significant. The diameters of the lymph nodes removed with LNRS were smaller
compared to the classical method, and this was statistically significant as well. Furthermore, the
LINES changed nodal stage of the disease in five of the studied cases.

Conclusions: LNRS increases the number of lymph nodes that are removed and detects smaller
lymph nodes. It may be an alternative method in cases with removed lymph nodes are critical
number or under. Thus, accurate nodal staging and prognostic information will be obtained by
using LNRS and more accurate treatment management will be provided.

Keywords: Lymph Node Revealing Solution; LNRS; Nodal Staging; Prognosis; Dissection
Material.
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1. Introduction

After lung cancer, breast cancer is the most commonly observed malignant tumor and that has the
highest mortality among women worldwide (1). Tumor size, histological type, histological grade,
hormone receptors, and human epidermal growth factor receptor 2 positivity are important
parameters that determine the prognosis of patients with breast cancer (2-4). Except for
haematogenous dissemination observed in a small portion of breast cancer, the axillary lymph
nodes are the first metastatic site and the nodal status is still the most important independent
prognostic factor (5, 6).

Breast carcinoma staging (pTNM) is made by considering tumor size and spread, nodal status and
distant metastasis. Nodal staging is based on both the number of metastatic lymph nodes and the
metastasis diameter (7). While 5-year overall survival was reported as 93% in node-negative
patients, this rate could be decrease as low as 50% in node-positive patients (8,9). Furthermore,
only patients with 1-3 node-positive cases have better prognosis compared to those with 4 or higher
node-positive patients (8, 9).

After overnight fixation with 10% buffered formalin, lymph nodes are removed from axillary fat
tissue in routine practice. In this study, we aimed to investigate the effect of fixation of remaining
axillary tissue with lymph node revealing solution (LNRS) on the number of removed lymph nodes
and diameter and, also the effect on nodal staging.

2. Materials and Methods

After obtaining the ethics committee’s approval, patients who had undergone surgery for invasive
breast carcinoma and who had axillary lymph node dissection (ALND) performed together with
modified simple mastectomy, quadrantectomy, and segmental mastectomy at the Ankara
Oncology Training and Research Hospital tertiary healthcare center were included in the study.
This prospective study comprised consecutive patients that were classified into the 6-hour, 9-hour
and 12-hour groups, with each group comprising 50 patients (10). ALND material was divided
into three groups; lymph nodes exterior and inferior sides of the pectoralis minor muscle (Level I,
low group), lymph nodes on posterior sides of pectoralis minor muscle (Level Il, middle group)
and lymph nodes between on the medial sides of pectoralis minor muscle and inferior sides of the
clavicle (Level 111, upper group) by the surgeon. As required by the routine works of the pathology
laboratory, these lymph nodes were removed from axillary fat tissue by different pathologists after
they were immersed in 10% buffered formalin fixation (classical method) overnight (Fig. 1A). The
remaining axillary tissue was immersed for 6-12 hours in a volume of LNRS three times greater
than that of the material. The LNRS was prepared immediately before use, and comprised 65 ml
of 95% ethanol, 20 ml of diethyl ether, 5 ml of glacial acetic acid, and 10 ml of buffered formalin,
for a total of 100 ml. The material was washed with large amounts of tap water after fixation and
then cut into 2-mm thick sections; the lymph nodes were again removed by a single researcher
after excluding the lymph nodes that had already been sampled in the first retrieval. The lymph
nodes were embedded in paraffin blocks, sectioned, and stained with H&E (Hematoxylin and
Eosin).
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Lymph node diameters were measured in the H&E-stained slides that were prepared after formalin
and LNRS fixations. To evaluate the effect of LNRS fixation on immunohistochemical stain, the
PanCK, CD68, EMA, and LCA stains were applied on a few lymph nodes (Fig. 2C, 2D).
Histological classification of both primary breast carcinoma and axillary metastases were
performed according to the classification of World Health Organization.

The number and diameters of lymph nodes removed using both the classical method and LNRS
method, as well as the presence or absence of metastases were recorded. Additional lymph nodes
obtained using the LNRS were added to those obtained using the formalin solution, and the relation
between the number and diameters of lymph nodes were examined using both methods. The results
were assessed using the paired t-test, chi square test, Wilcoxon test and Kendall’s Tau B method.
P values <0.05 were considered as statistically significant. The data obtained were examined using
SPSS software version 11.5 (Chicago, USA, INC.).

3. Results

A total of 150 patients were included in the study, including 146 women and 4 men. The age
distribution was 20 to 78 years, while the mean age was 51+12,09. The clinical and pathological
characteristics of these cases and the surgical methods used are summarized in Table 1.

In the macroscopic examination, it was observed that LNRS fixation resulted in the observation of
firmer lymph nodes with a white chalk-like color on their cut surfaces compared with that observed
using the formalin solution method (Fig. 1B). A 1-mm diameter lymph node that could not be
detected in the axillary material using the classical method was easily identified using the LNRS
method (Fig. 1C). In microscopic evaluation, it was observed that H&E and immunohistochemical
stains obtained after LNRS had the same characteristics as the slides obtained after the formalin
fixation only, indicating that LNRS fixation did not affect pathological examination (Fig. 2).

In two patients whose lymph nodes were not detected using the classical method, the lymph nodes
could not be identified using the LNRS method as well. Moreover, there were two patients in
whom additional lymph nodes could not be detected using the LNRS method even though the
lymph nodes could be found using the classical method. In total, there were four patients in whom
the LNRS method was unable to detect lymph nodes (Table-4). These cases were excluded from
the relevant parts of the statistical evaluation.

The total number of lymph nodes removed using the classical method was 2693, and the average
number of lymph nodes per case was 17.95 + 7.74. With an additional 869 lymph nodes (32.3%)
obtained after LNRS, the total number of lymph nodes obtained from axillary material increased
to 3562, and the average number of lymph nodes found per patient was 23.75 + 8.74 (Table-2).
Thus, an increase of 5.80 (32.03%) in the number of lymph nodes per case was observed, which
was statistically significant (p<0,001, Table-2). At three axillary levels, the diameters of the lymph
nodes removed using LNRS were smaller than those retrieved using the classical method, and this
was found to be statistically significant (Table-2).
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In our study, a total of 142 additional lymph nodes were removed after LNRS fixation in 19
patients that less than 10 lymph nodes were removed using the classical method (Table-3, 4). The
total number of lymph nodes increased to 250 together with the additional lymph nodes that
obtained through LNRS (Table-3, 4). In this group, the mean number of lymph nodes per patient
was 7.47 = 1.5 using the classical method and 13.15 + 4.2 using LNRS, and the difference between
these two methods was statistically significant (p<0.001, Table-4). There was an increase in the
number of positive nodes, whereas there was no statistically significant difference between the
classical method and LNRS in the ratio of positive nodes/total nodes (%) (P>0.05, Table-4).
However, while the number of cases in which less than 10 lymph nodes were removed using the
classical method was 19, this number decreased to five using the LNRS method. This notable
decrease was statistically significant (p<0.01, Table-4).

Following fixation with LNRS on the 19 cases in which less than 10 lymph nodes were removed
through the classical method, two of the eight patients had their stage progress from NO to N1a,
two from Nla to N2a and one from N2a to N3a. Thus, the nodal stage progressed in five of these
19 cases, which was statistically significant (p<0.001, Table-4).

Table 1: Distributions of cases according to age, gender, tumor size and Histopathological type

and surgical procedure
n %

Sex Female 146 97.3

Male 4 2.7
Age 35> 11 7.3

35-45 36 24

46-55 43 258.7

55< 60 40
Surgical Modified Radical | 135 90
procedure Mastectomy

Segmental mastectomy 12 8

Quadrantectomy 3 2
Tumor size(cm) | 2> 46 30.7

2-5 87 58

5< 17 11.3
Histopathological | NST* 131 87.3
diagnosis Others 19 12.7
*Invasive carcinoma of no special type (NST)
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Table 2: After formalin and LNRS fixations, Nodal status, the mean number and diameters of
Lymph nodes in cases, and evaluation of LNRS fixation times

Formalin fixation LNRS fixation

n % n % P
Node negative cases 63 42.6 95 65.1
Node positive cases 85 57.4 51 34.9

Mean+SD Mean+SD

The number of lymph nodes 17.95+7.74 23.75+8.74 <0.001
The diameter of lymph nodes
Axilla Level | 0.24+0.15 0.15+0.11 <0.001
Axilla Level 1l 0.32+0.25 0.19+0.16 <0.01
Axilla Level Il 0.29+0.17 0.21+0.15 <0.001
LNRS fixation time groups
6 hours - 5.70+4.61
9 hours - 5.83+3.56 >0,05
12 hours - 5.86+3.52

Paired T Test

Table 3: Node-positive, total node, and nodal stage determined using the LNRS method in
patients with less than 10 lymph nodes found using the classical method

Formalin fixation LNRS fixation
n The number of | Total number | Stage | The number of | Total number | Stage
positive nodes of nodes positive nodes of nodes
1 1 8 Nla 0 1 Nla
2 0 6 NO 0 9 NO
3 4 4 N2a 4 4 N2a
4 0 6 NO 0 9 NO
5 8 9 N2a 4 4 N3a*
6 1 8 Nla 0 4 Nla
7 2 9 Nla 1 11 Nla
8 0 9 NO 1 8 Nla*
9 0 8 NO 0 8 NO
10 |1 5 Nla 4 10 N2a*
11 |0 9 NO 2 10 Nla*
12 |1 6 Nla 0 0 Nla
13 |1 8 Nla 3 10 N2a*
14 |0 8 NO 0 1 NO
15 |1 8 Nla 1 3 Nla
16 |0 8 NO 0 8 NO
17 |2 8 Nla 0 6 Nla
18 |3 9 Nla 0 2 Nla
19 |0 6 NO 0 0 NO
* Cases with nodal stage change
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Table 4: Lymph nodes characteristics and changes in stage after LNRS in patients with less than
10 lymph nodes found using the classical method

Formalin fixation LNRS fixation
Mean+SD Mean+SD p
Total number | 142 250
of removed
lymph nodes
Mean Lymph | 7.47+1.5 13.15+4.2 <0.001*
node number
Number of | 2 4
cases with no
lymph node
The number of | 25 ( 17,6) 20(8,0) >0,05*
positive nodes
Positive nodes | 12,5(0-100) 11,11(0-100) >0.05"
/Total nodes (
%)
The number of | 19(12,5) 5(3,3) <0,01
cases with
removed less
than 10 lymph
nodes
Formalin | LNRS Total | Kendall’s | P
No Nla N2a N3a Tau B
Nlw INT®w INT®w [Nl% coefficient
Nodal  stage NO 6 |750]2 |250]0 |00 |O |00 |8 0,808 0,001
% | N1a 0100 |7 |77.8]2 | 2220 0.0 |9
change
N2a 0]00 |0 |O0 |1 1]500]1]500]12
Total 6 9 3 1
* Paired T test, *Wilcoxon test, # Chi square test

;mmnmmpm||‘mnmn‘|nn|m||t

Flgure 1. 1A: Appearance of a dissected Iymph node before formalln and LNRS fixation.1B:
Appearance of a lymph node after formalin fixation (black arrow) and the whiter, chalk-like
appearance of a lymph node after LNRS fixation (red arrow), facilitating easier visualization
compared with formalin fixation. 1C: Appearance of white-colored lymph nodes of 1 mm that
were overlooked after formalin fixation but were detected in the axillary fatty tissue (white
arrows) following LNRS
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Figure 2: 2A: Breast carcinoma metastases observed in smaller sized lymph nodes in fat tissue,
(H&EXx40), 2B: Epithelial tumor island inside lymphoid tissue (black arrow) (H&Ex400), 2C:
Positive staining of breast carcinoma metastasis in Lymph node with PanCK (x100), 2D:
Positive staining of breast carcinoma metastasis in Lymph node with EMA (x200)

4. Discussion

Breast carcinoma has been recognized as a major public health problem worldwide (1, 11). In
previous studies, while recurrence, disease-free survival, and general survival rates decreased in
an inversely proportional manner compared with the increase in the number of positive lymph
nodes, they were found to increase in a directly proportional manner compared with the mortality
rates (12-15). In addition, factors such as the number of positive nodes, diameter of nodal
metastasis, and lymph nodes capsule invasion also affect prognosis and recurrence rates (3, 12, 16,
17).

ALND is performed to determine adjuvant therapy, obtaining the right prognostic and staging
information and ensure to control the disease in the axillary at a local level. ALND is recommended
in patients with a high risk of recurrence, clinically palpable lymph nodes, or SLND positivity
(18).

In current practice, there is a wide range of approaches for the evaluation of lymph nodes
intraoperatively or permanently (19, 20). It is reported that lymph nodes should be scanned with
2-mm thick sections to identify metastases; however, however, it has also been found that in the
examination of the nodal tissue with standard pathological techniques, metastases are overlooked
40% of cases. Moreover, it is observed that death occurs within 15 years due to metastatic breast
carcinoma in 20% of patients with node-negative tumors (12). It is probable that the mortality rates
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observed in patients with node-negative tumors are associated with the metastases that were
overlooked.

It was previously stated that for patients who underwent ALND, the number of dissected axillary
lymph nodes should at least be 10 and that the samples should be taken from at least two axillary
levels (18, 21, 22). Michaelson et al. reported that the 15-year mortality rates in patients with 1-4
positive lymph nodes were 26%, 34%, 37%, and 57%, respectively (12). Previous studies showed
that there is a direct correlation between the increase in the number of lymph nodes retrieved and
the increase in the number of metastatic lymph nodes (18, 23). These results demonstrate the
importance of the number of lymph nodes removed from axillary tissue.

The dissection of axillary material using the classical method basically relies on palpation and
visualization. From time to time in routine practice, lymph nodes — primarily the small sized ones
— may not be identified in dissection materials rich in fat tissue. Several studies have been
performed on the easier visualization of lymph nodes by completely clearing the fat tissue (the
clearing method) using chemicals such as ethanol, xylene, and acetone (24-26). Koren et al., aimed
at the lymph nodes instead of the fat tissue by using LNRS, which is composed of chemicals such
as glacial acetic acid, chloroform, diethyl ether, ethanol, formalin, and water. As a result, this made
it easier to visualize and remove the lymph nodes by making them firmer and giving them a chalk-
like white color compared with that obtained using formalin fixation. (10, 26-28). Using both the
clearing method and LNRS method increased the number of lymph nodes that could be removed
(10, 25). In this study, the total number of lymph nodes increased in accordance with the literature.
Micrometastatic nodal involvement comprises 15% of all patients with node positive tumors (29).
Although pN1mi is equivalent to NO according to the guidelines of the Current National
Comprehensive Cancer Network, recent studies reported that patients with pN1mi had a poorer
prognosis compared with patients with NO, which was statistically significant, and that there was
an average 3% decrease in their 10-year survival rates compared with patients with node-negative
tumors (30-34). Both the increase in the number of removed lymph nodes and the detection of
smaller lymph nodes will facilitate the identification of micrometastases. As observed in this study,
in addition to the increase in the number of lymph node retrieved using LNRS, smaller lymph
nodes could be identified at each axillary level compared with that using the formalin solution.

Although Morrow et al. could not identify any patients who progressed to node-positive while they
were node-negative using the clearing method, Koren et al. detected metastases that caused a
change in the stage in patients with node-negative tumors using the LNRS method (10, 25). In our
study, when retrieval was performed again with the LNRS method in patients with less than 10
lymph nodes detected with the formalin solution, the number of lymph nodes detected increased
to 10. In this patient group, the total number of lymph nodes increased both in node-negative and
node-positive cases. In addition to the stage progression in cases that became node-positive from
node-negative, nodal stage progressions were also observed in patients with node-positive tumors
as a result of the increase in the number of positive lymph nodes.

Similar results were obtained in studies done with LNRS on several dissection materials (27, 35,
36). Jan YJet al. stated that LNRS could be preferred in lymph nodes dissection due to fast fixation
and easier visualization of lymph nodes although there is no statistically significant difference
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(37). Similarly, even lymph nodes with a diameter of 1 mm could be easily detected using the
LNRS method in our study.

Koren et al. reported in their studies that 12-hours time is adequate for the most suitable fixation

(10). Similarly in our study, no difference was observed between the number and diameter of
lymph nodes found through LNRS fixation in the 6-, 9-, and 12-hour groups. As a result, a 6-hour
LNRS fixation time is adequate.

In conclusion, LNRS increases the number of retrievable lymph nodes and detects smaller-sized
lymph nodes. Moreover, it is a low-cost solution that can be easily prepared with little experience
using chemicals that are routinely used in pathology laboratories, and it is a valuable method in
that a minimum 6 hours of fixation is sufficient. As observed in this study, a progression was in
the nodal stage was observed after using LNRS. It is possible to select and remove higher number
and smaller-sized lymph nodes with greater ease, especially in materials such as axillary or
mesocolic fatty tissue, which are dense in fat tissue, in which the removal process is challenging
in routine practice. It may be an alternative method in cases with removed lymph nodes are critical
number or under. Thus, through the application of LNRS solution, it becomes possible to obtain
more accurate nodal staging and prognostic information and ensure a more accurate treatment
method.

Some data of the thesis study titled “The Evaluation of the Effect of Lymph Node Revealing
Solution on Axillary Dissection Material” were used in this article.
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