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Effectiveness of Lymph Node Revealing 
Solution in Estimation of Lymph Nodes Yield 
in Radical Specimen of Oral Squamous Cell 
Carcinoma: A Preliminary Histomorphometric 
Observational Study 

INTRODUCTION
Oral Squamous Cell Carcinoma (OSCC) constitutes 90% of all 
oral cancers [1,2]. According to the Indian Cancer Society, the 
country records more than 1,00,000 cases of oral cavity cancers 
every year [3]. Oral cancer poses a serious health challenge to 
the nations undergoing economic transition [4,5]. In India, around 
77,000 new cases and 52,000 deaths are reported annually, 
which is approximately one-fourth of global incidences [6]. The 
prognosis of OSCC depends on various factors, including age, 
immune response, gender, site, habits, and genetic mutations, 
reflecting its multifactorial behaviour [7]. Along with these, the 
management and prognosis of OSCC rely on tumour staging, 
which further includes tumour size, nodal involvement, and distant 
metastasis [8,9]. 

According to American Joint Committee on Cancer (AJCC) 8th 
edition, the number and size of lymph nodes obtained and nodal 
involvement are crucial for proper diagnosis, treatment, and 
prognosis [10]. Drawbacks in the manual grossing of lymph node 
specimens are time-consuming, missed small nodes, and a lower 
count following radiation; thus, micrometastasis could be missed 
in manual grossing and may affect staging and devising adjuvant 
therapy. The majority of OSCC cases reported to have regional 
cervical lymph node metastasis. The absence of specific molecular 

markers [11] and biomarkers for OSCC in diagnosis and treatment 
also have a crippling effect on the prognosis [12]. Hence, the present 
study was designed to utilise LNRS to evaluate its effectiveness 
in cases with OSCC. The objectives of the present study were to 
prepare an LNRS, to assess its effectiveness regarding staining 
characteristics and readability, and to assess the number of lymph 
nodes obtained before and after treating the specimens with the 
prepared LNRS. 

MATERIALS AND METHODS
The present prospective observational study was conducted at 
the Department of Oral Pathology and Microbiology, Saveetha 
Dental College and Hospitals, Saveetha Institute of Medical and 
Technical Sciences, Chennai, Tamil Nadu, India, from January 
2023 to June 2023, after obtaining clearance from the Institutional 
Human Ethical Committee (IHEC/SDC/FACULTY/23/OPATH/240) 
and included six consecutive excised radical specimens of 
histologically confirmed OSCC cases. The radical specimen 
included wide local excision with selective/modified lymph node 
dissection. 

Exclusion criteria: Recurrent OSCC cases and cases with a 
previous history of radiotherapy or chemotherapy were excluded 
from the study.
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ABSTRACT
Introduction: Oral cancer poses a serious health challenge 
globally, particularly for nations undergoing economic transition. 
The number and size of lymph nodes obtained, along with nodal 
involvements, are crucial for proper diagnosis, treatment, and 
prognosis.

Aim: To assess the number of lymph nodes obtained before and 
after treating the specimens with the Lymph Node Revealing 
Solution (LNRS) along with staining characteristics.

Materials and Methods: The present prospective observational 
study was conducted at the Department of Oral Pathology and 
Microbiology, Saveetha Dental College and Hospitals, Saveetha 
Institute of Medical and Technical Sciences, Chennai, Tamil 
Nadu, India, over a period of six months from January 2023 
to June 2023 in a tertiary oral healthcare centre in Chennai. 
Six histologically confirmed Oral Squamous Cell Carcinoma 
(OSCC) cases with neck dissection were included in the study, 
involving 32 lymph node levels. Lymph nodes were grossed 
using both routine procedures of palpation and visualisation 
and after treatment with LNRS for two days. The number of 

nodes obtained through both methods was compared along 
with the staining characteristics. The data were analysed using 
Statistical Package for Social Sciences (SPSS) software version 
26.0. Chi-square and paired t-tests were used to compare 
the two groups, and any value less than or equal to 0.05 was 
considered statistically significant.

Results: Out of 134 lymph nodes, 21 were positive with 
conventional fixation, whereas after the application of LNRS, an 
additional 41 lymph nodes were retrieved. Two nodes showed 
metastatic deposits; fortunately, the additional positive nodes 
did not affect the staging. No statistically significant difference 
was found before and after immersion in LNRS regarding 
staining characteristics. The mean area of the yielded nodes was 
84.71±4.85 mm2. There was a statistically significant difference 
between the size of lymph nodes between the manual grossing 
method and after immersion in LNRS (p-value <0.001). 

Conclusion: The study confirmed that the LNRS technique 
identified very small lymph nodes in oral cancer patients, which 
may contain metastatic deposits. This might change the stage 
of the disease and influence the mode of treatment.
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after LNRS, and comparison of staining characteristics between 
the two groups. All the slides were compared for nuclear staining, 
cytoplasmic staining, cellular morphology, and uniformity of the 
staining, in a semi-qualitative manner, and classified into poor 
(score 0), intermediate (score 1), and good (score 3) as previously 
mentioned [13]. For assessing the cellular and nuclear morphology, 
cell outline, cytosolic features, nuclear outline, and nucleolar 
characteristics were evaluated at high power magnification in all 
the slides. The size of the lymph nodes was estimated on the 
mechanical stage of the light microscope, while the mean area 
was estimated using Image J software [14]. 

STATISTICAL ANALYSIS
The data were entered in a Microsoft excel spreadsheet (2021). 
SPSS software (version 26.0, IBM Corp., Armonk, New York) was 
used for analysis. Chi-square and paired t-tests were used to 
compare the two groups, and any value less than or equal to 0.05 
was considered statistically significant. 

RESULTS
Demographic profile: Six patients were included with a male-
to-female ratio of 5:1 and ages ranging from 37 to 57 years. 
Three cases were from the tongue, two cases from the lower 
posterior gingivobuccal sulcus, and the remaining case involved 
the upper right maxillary tuberosity. Four cases were graded as 
Well-differentiated Squamous Cell Carcinoma (WDSCC), and the 
other two cases were Moderately-differentiated Squamous Cell 
Carcinoma (MDSCC). Modified Radical Neck Dissection (MRND) 
was performed for three cases, and Selective Neck Dissection 
(SND) for the other three cases.

Comparison of node yield by routine manual grossing vs 
LNRS: Routine manual grossing yielded 134 lymph nodes from 32 
lymph node levels, out of which 21 were positive. After immersion 
in LNRS, an additional 41 lymph nodes were retrieved. Fortunately, 
two nodes showed metastases, but this did not upstage the 
tumour staging. The clinicopathological features and nodal yield 
are detailed in [Table/Fig-2].

Study Procedure
The margins were obtained for clearance intraoperatively on 
frozen, and the remaining specimen was fixed in 10% neutral 
buffered formalin. Lymph nodes were grossed using the routine 
procedure of palpation and visualisation. The lymph nodes were 
processed, recorded, and sectioned. The remaining specimen was 
immersed in the LNRS and grossed after two days. The solution 
was changed every day. The LNRS (per 1 litre) was prepared by 
adding 650 mL of ethyl alcohol, 200 mL of Diethyl ether, and 50 
mL of glacial acetic acid to 100 mL of buffered formalin. 

The remaining fibrofatty tissue was re-examined after two days for 
additional lymph nodes. The number of newly retrieved nodes was 
recorded. The previously dissected nodes were not counted [Table/
Fig-1]. The new nodes were thereafter processed, sectioned, and 
stained. The data were tabulated for the number of nodes obtained 
through routine manual grossing versus after LNRS, number of 
positive nodes obtained through routine manual grossing versus 

[Table/Fig-1]:	 Photograph showing the gross appearance of an included lymph 
node level. Circle- newly identified nodes after clearing of fat and arrows previously 
cut and processed lymph nodes.

Cases
Age

(in years) Gender
Histopathology diagnosis and 

staging
Level of lymph 

nodes
No. of lymph nodes without the
solution (Positive lymph nodes)

No. of lymph nodes after the solution 
(Positive lymph nodes)

1 47 M WDSCC, Stage IVa L IA 5 0

Right L IB 0 2

Right L IIA 2 0

Right L IIB 7 2

Right L III 8 1

Right L IV 9 0

2 37 M WDSCC, Stage IVa L IA 19 2

Left L IB 12 (1) 2 (1)

Left L IIA 5 0

Left L IIB 3 3

Left L III 6 0

Left L IV 1 3

Left L VA 9 0

Left L VB 6 0

3 47 F MDSCC, Stage IVa LIA 2 (2) 0

Left L IB 3 (2) 0

Left L II 4 (1) 3

Left L III 5 (4) 1

Left L IV 5 (2) 0

Left L V 3 0

4 52 M MDSCC, Stage IVa L IA 3 1

Right L IB 4 (3) 4 (1)

Right L II 10 (1) 9
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Right L III 22 (0) 5

5 45 M WDSCC, Stage IVa L IA 3 0

Left IB 6 (2) 0

Left IIA 10 1

Left IIB 3 (1) 0

Left III 5 0

6 57 M WDSCC, Stage IVa L IA 5 1

Left L IB 8 (2) 0

Left L II 2 0

Left L III 0 1

[Table/Fig-2]:	 Clinicopathological features and nodal yield using both routine grossing method and Lymph Node Revealing Solution (LNRS); WDSCC: Well-differentiated 
squamous cell carcinoma; MDSCC: Moderately-differentiated squamous cell carcinoma. Yellow: newly yielded lymph nodes, red: new lymph node with metastatic deposits. 
()- depict number of positive nodes.

[Table/Fig-4]:	 Photomicrograph of an H&E-stained section showing nuclear and 
cytosolic characteristics of cells and tissues of newly identified lymph nodes and 
structures in extra-nodal areas: a) lymphocytes and lymph node capsule; b) germi-
nal centre; c) cellular and nuclear details of metastatic deposit in lymph node; and 
d) a nerve bundle in the vicinity, extra-nodally, (400X).

Mean area and size of newly yielded nodes: Additionally, the 
mean area of the yielded nodes after treating with LNRS was 
calculated using Image J software. The mean area was 84.71±4.85 
mm2 (±standard deviation) [Table/Fig-5]. The mean area of the lymph 
nodes prior to LNRS could not be estimated as some large lymph 
nodes were cut into two and processed as two blocks. However, 
when the sizes of the lymph nodes were compared, there was a 
statistically significant difference between the size of the lymph 
node between the manual grossing method and after immersion 
in LNRS (p-value <0.001). The mean size of the 134 lymph nodes 

yielded by the manual visual and palpation method was 13.01±8.16 
mm, while after immersing in LNRS, it was significantly lesser 
(1.99±1.001 mm; p<0.001). The detailed comparative results of 
staining characteristics, mean area, and size of lymph nodes before 
and after immersion in LNRS is shown in [Table/Fig-6]. 

[Table/Fig-5]:	 Photomicrograph showing whole slide image of a lymph node 
yielded after immersion in LNRS demonstrating estimation of mean area using Im-
age J software (H&E, 40X).

[Table/Fig-3]:	 a) Photomicrograph of newly identified node demonstrating accept-
able staining and maintenance of architecture (H&E, 100X); and b) positive lymph 
node with metastasis from OSCC effacing the normal architecture of LN (H&E, 
100X).

Comparison of staining characteristics: All the sections after the 
application of LNRS showed good nuclear (p-value=0.268) and 
cytoplasmic staining (p-value=0.595). No statistically significant 
difference was found before and after immersion in LNRS. Similarly, 
no difference was found in the cellular morphology and uniformity of 
the staining (p>0.05) [Table/Fig-3a,b,4a-d].

DISCUSSION
Postoperative adjuvant chemo and radiotherapy, based on tumour 
staging and histopathological diagnosis, play a crucial role in 
the patient’s recovery [15,16]. It has been reported that the five-
year survival rate of cases with lymph node metastasis (54%) 
is significantly lower than those without lymph node metastasis 
(87%) [17]. Surgical resection is the conventional treatment option 
for any OSCC case [18]. Hence, accurate and total lymph node 
examinations are essential for appropriate management. According 
to the AJCC 8th edition, the ideal number of lymph nodes in SND 
and Radical/MRND (RND/MRND) is 10 or more and 15 or more, 
respectively [10]. It is not always easy to harvest the required number, 
especially in patients who may have received neoadjuvant therapy, 
an increasingly common treatment. The use of neoadjuvant therapy 
is known to further decrease the number and size of identifiable 
lymph nodes within specimens [19]. 

The present study harvested new small lymph nodes after 
immersing them in LNRS. Similar studies were conducted 
previously in gastric cancer and colon cancer using LNRS, and 
it was found that the number of lymph nodes increased by 
53.0% with LNRS, and the number of metastatic lymph nodes 
was 28.9% higher than that of the conventional process [19,20]. 
This is critically important, as node-positive patients (pN1) are 
considered for adjuvant chemotherapy, whereas node-negative 
patients (pN0) may not be. The LNRS yields much smaller nodes, 
which may be missed by manual examination and sometimes are 
metastatic in nature. 
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The widely used fixative for routine pathological specimens has 
disadvantages, such as a slow rate of fixation [21]. In some instances, 
even after 24 hours, fixation does not provide sufficient firmness to 
the tissues, especially in cases of large specimens and cystic lesions, 
resulting in delayed diagnosis [22]. Furthermore, longer exposure of 
tissues to formaldehyde can have adverse effects on many antigens 
[23]. Therefore, the combination of various fixatives can mitigate these 
adverse effects and improve properties. Glacial acetic acid, ethanol, 
water, and formalin offer advantages over other revealing solutions as 
they are safe, cheap, easy to use, and relatively quick. The utilisation of 
LNRS offers many advantages, including lesser time during grossing, 
an inexpensive technique for detecting very small lymph nodes, ease of 
working, enhanced visibility, no need for an attentive process, the ability 
to use immunostains, and clear visibility of the lymph nodes [24]. 

Simental AA Jr et al., found cervical metastasis from squamous 
cell carcinoma of the maxillary alveolus and hard palate in 34.6% 
of patients [25]. A high incidence (20-30%) of cervical metastasis 
of cancer in the tongue/floor of mouth has also been well studied 
and reported [26]. Therefore, missing a single positive lymph 
node in an N0 patient may upstage the tumour staging to N1, 
which has a significant impact on the outcome. Fortunately, the 
identification of new positive nodes did not upstage pTNM in any 
of the present cases. 

It has been repeatedly proven and reported that the presence of 
extranodal extension is proportionately correlated with distant 
metastasis, locoregional recurrences, and difficulty in obtaining clear 
margins [27]. Missing a single lymph node with extranodal extension 
directly upgrades the tumour staging to N3b. Therefore, obtaining 
more lymph nodes may benefit patients as it allows for accurate 
cancer staging and appropriate use of adjuvant chemotherapy for 
node-positive patients. The present study included 32 lymph node 
levels from six patients with OSCC. Although the results and findings 
are preliminary, they provide significant insight into the usage of 
LNRS in neck dissections of head and neck cancers. Further studies 
with a larger sample size are required to confirm the findings.

Limitation(s)
While the results obtained were promising, there were a few 
limitations that need to be addressed. Firstly, the sample size was 
small, with only six patients prospectively recruited. However, the 
number of lymph node levels was adequate to provide a baseline 
data for future studies with a larger sample size. Secondly, the mean 
area of larger nodes could not be assessed for comparison due to 
the fact that some nodes were too large to be processed as a single 
block and were thus bisected for further processing. 

CONCLUSION(S)
The study confirmed that the LNRS technique identified very small 
lymph nodes that may contain metastatic deposits. This could 
potentially change the stage of the disease and influence the 
mode of treatment. Prospective studies with larger sample sizes 
are warranted. The authors believe that LNRS does not change the 
architecture of the nodes and yields a greater number, including the 
smallest nodes, thus it may be used in routine practice.

REFERENCES
	 Ajay PR, Ashwinirani SR, Nayak A, Suragimath G, Kamala KA, Sande A, et al. [1]

Oral cancer prevalence in Western population of Maharashtra, India, for a period 
of 5 years. Journal of Oral Research and Review. 2018;10(1):11-14. 

	 Krishnan RP, Pandiar D, Ramani P, Jayaraman S. Necroptosis in human cancers [2]
with special emphasis on oral squamous cell carcinoma. J Stomatol Oral 
Maxillofac Surg. 2023;124(6S):101565. 

	 Gupta B, Bray F, Kumar N, Johnson NW. Associations between oral hygiene [3]
habits, diet, tobacco and alcohol and risk of oral cancer: A case–control study 
from India. Cancer Epidemiol. 2017;51:07-14. 

	 Laprise C, Shahul HP, Madathil SA, Thekkepurakkal AS, Castonguay G, Varghese [4]
I, et al. Periodontal diseases and risk of oral cancer in Southern India: Results 
from the HeNCe Life study. Int J Cancer. 2016;139(7):1512-19. 

	 Krishnan RP, Ramani P, Pandiar D. Plausible mechanisms in the pathobiology of [5]
acantholytic squamous cell carcinoma: An evidence based hypothesis. Medical 
Hypotheses. 2022;167(9):110946.

	 Manoharan N, Tyagi BB, Raina V. Cancer incidences in rural Delhi--2004-05. [6]
Asian Pac J Cancer Prev. 2010;11(1):73-77.

	 Ding D, Stokes W, Eguchi M, Hararah M, Sumner W, Amini A, et al. Association [7]
Between Lymph Node Ratio and Recurrence and Survival Outcomes in Patients 
With Oral Cavity Cancer. JAMA Otolaryngol Head Neck Surg. 2019;145(1):53-61.

	 Ramasubramanian S, Pandiar D, Krishnan RP, Ramalingam K, Bologna-Molina [8]
R. Correlation of bony invasion with nodal metastasis, pattern of invasion and 
survival in oral squamous cell carcinoma: A retrospective analysis of 122 primary 
cases from oral cancer centre of south India. Cureus. 2023;15(8):e42887. 

	 Anand R, Pandiar D, Ramani P, Kamboj M. Field cancerization revisited in purview of [9]
quantum entanglement: Delving into the unexplored. Oral Oncol. 2022;125:105704.

	 Amin MB, Edge S, Greene F, Byrd DR, Brookland RK, Washington MK, et [10]
al. (Eds.). AJCC Cancer Staging Manual (8th edition). Springer International 
Publishing: American Joint Commission on Cancer; 2017.

	 Aditya J, Smiline Girija AS, Paramasivam A, Vijayashree Priyadharsini J. Genetic [11]
alterations in Wnt family of genes and their putative association with head and 
neck squamous cell carcinoma. Genomics Inform. 2021;19(1):e5. 

	 Jacobs JR, Ahmad K, Casiano R, Schuller DE, Scott C, Laramore GE, et al. [12]
Implications of positive surgical margins. Laryngoscope. 1993;103(1 Pt 1):64-68.

	 Pandiar D, Baranwal HC, Kumar S, Ganesan V, Sonkar PK, Chattopadhyay K. [13]
Use of jaggery and honey as adjunctive cytological fixatives to ethanol for oral 
smears. J Oral Maxillofac Pathol. 2017;21(2):317.

	 Pandiar D, Sutharshan GS, Krishnan RP. Morphometric analysis of papillary synovial [14]
metaplasia-like changes in oral mucoceles. Oral Dis. 2023. Doi: 10.1111/odi.14777.

	 Sunder Rao PSS, Richard J. An introduction to biostatistics: A manual for students [15]
in health sciences. 4th ed. Prentice hall of India, New Delhi; 2006:86-160.

	 Liu CH, Chen HJ, Wang PC, Chen HS, Chang YL. Patterns of recurrence and [16]
second primary tumours in oral squamous cell carcinoma treated with surgery 
alone. Kaohsiung J Med Sci. 2013;29(10):554-59.

	 Sutton DN, Brown JS, Rogers SN, Vaughan ED, Woolgar JA. The prognostic [17]
implications of the surgical margin in oral squamous cell carcinoma. Int J Oral 
Maxillofac Surg. 2003;32(1):30-34. 

	 Ong W, Zhao R, Lui B, Tan W, Ebrahimi A, Clark JR, et al. Prognostic significance [18]
of lymph node density in squamous cell carcinoma of the tongue. Head Neck. 
2016;38(Suppl 1):E859-66. 

	 Sousa MT, Savassi-Rocha PR, Cabral MM. Impact of using a lymph node [19]
revealing solution in surgical specimens for pathological staging of gastric cancer. 
Journal Brasileiro de Patologia e Medicina Laboratorial. 2014;50:445-51. 

	 Koren R, Siegal A, Klein B, Halpern M, Kyzer S, Veltman V, et al. Lymph node-[20]
revealing solution: Simple new method for detecting minute lymph nodes in 
colon carcinoma. Dis Colon Rectum. 1997;40(4):407-10.

	 Ruijter ET, Miller GJ, Aalders TW, van de Kaa CA, Schalken JA, Debruyne FM, [21]
et al. Rapid microwave-stimulated fixation of entire prostatectomy specimens. 
Biomed-II MPC study group. J Pathol. 1997;183(3):369-75.

	 Babu TM, Malathai N, Magesh KT. A comparative study on microwave and [22]
routine tissue processing. Indian J Dent Res. 2011;22(1):50-55.

	 Chu WS, Furusato B, Wong K, Sesterhenn IA, Mostofi FK, Wei MQ, et al. [23]
Ultrasound-accelerated formalin fixation of tissue improves morphology, antigen 
and mRNA preservation. Mod Pathol. 2005;18(6):850-63.

	 Kruse AL, Grätz KW. Cervical metastases of squamous cell carcinoma of the [24]
maxilla: A retrospective study of 9 years. Head Neck Oncol. 2009;1:28.

	 Simental AA Jr, Johnson JT, Myers EN. Cervical metastasis from squamous [25]
cell carcinoma of the maxillary alveolus and hard palate. Laryngoscope. 
2006;116(9):1682-84.

Parameters

Before immersion in LNRS (n=134) After immersion in LNRS (n=41)

p-valuePoor (Score 0) Intermediate (Score 1) Good (Score 2) Poor (Score 0) Intermediate (Score 1) Good (Score 2)
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Uniformity of staining 6 (4.48%) 19 (14.18%) 109 (81.34%) 0 5 (12.2%) 36 (87.80%) 0.353#

Mean area NA 84.71±4.85 -

Mean size 13.01±8.16 mm 1.99±1.001 mm 0.001*

[Table/Fig-6]:	 Comparative evaluation of the staining characteristics, mean area and size of lymph nodes before and after immersion in LNRS.
LNRS: Lymph node revealing solution; NA: Not assessed; *significant, #not-significant
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