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Abstract Introduction The efficacy of sentinel node biopsy in early stage oral cancer is well
established. Its evolving role can be reinforced by further studies.
Objective Analyzing the predictability of the levels of echelon nodes for various oral
cavity tumor subsites on sentinel node biopsy.
Methods A prospective study of 20 patients with stage I/II oral squamous cell
carcinoma who underwent sentinel node biopsy-guided neck dissection between
January 2017 and 2018 at our institute. The procedure included radiotracer injection,
imaging (lymphoscintigraphy, single photon emission computed tomography-com-
puted tomography), and gamma probe application. Sentinel node detection on
imaging and gamma probe were compared.
Results Out of 20 patients, 13 (65%) had carcinoma of the tongue, 6 (30%) had buccal
mucosa carcinoma, and 1 (5%) had retromolar trigone carcinoma. The mean age of the
patients was 52.3 years. A total of 13 (65%) patients were male, and 7 (35%) were
female. The sentinel node identification rates with imaging and gamma probe were of
70% and 100% respectively. In tongue and retromolar trigone primaries, the most
common first-echelon nodes in both modalities were levels IIA and IB respectively. For
buccal mucosa primaries, first-echelon nodes were detected only with the gamma
probe, which was level IB. On imaging, second-echelon nodes were detected only for
tongue primaries, and had equivalent incidence of levels II, III, and IV. On the gamma
probe, level IIA, followed by III, and IV for the tongue, and level IIA were the most
common second-echelon nodes for the buccal mucosa. Third-echelon nodes were
detected only with the gamma probe for tongue carcinoma at level IV.
Conclusion The combined use of imaging and gamma probe provides the best
results, with high identification rate and predictability of echelon levels.
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Introduction

Cervical lymph node (LN) metastasis is the single most
important prognostic factor in squamous cell carcinoma of
the head and neck, which can decrease the 5-year survival
rates from 80% to <50%. None of the currently available
imaging methods reliably depicts small tumor deposits in
non-enlarged LNs or differentiates reactively enlarged LNs
from metastatic adenopathy. Therefore, necks with oral
cancer in stages I and II are managed when the risk of
micrometastasis is > 30%, in which case either radiotherapy
or elective neck dissection (END) are performed.1 There is a
paradigm shift from extensive to selective neck dissection
(SND) for oral cavity cancers. But the rate of skip metastases
to level IV is� 10% for tongue primaries. Thus, the concept of
sentinel LN biopsy (SLNB) came to be. It mimics the physio-
logical migration of cancer cells from the tumor to the LNs,
with migration of a known detectable tracer.2

Technetium 99 m (Tc 99 m) sulfur colloid is the most
commonly used radiotracer agent, with a physical half-life of
6 hours.3 Depending on the size of the particle, the radio-
tracer can move down the lymphatics from the first-echelon
node to the second and third-echelon nodes. Smaller par-
ticles drain quickly from the sentinel node, and tend to
accumulate in non-sentinel nodes, whereas larger particles
drain slowly and are retained within the sentinel nodes.4

The gamma camera interacts with the gamma rays emit-
ted from the radionuclide injection site, and gives total
radiotracer uptake and its spatial distribution within the
tissue.5 Single photon emission computed tomography-com-
puted tomography (SPECT-CT) gives better definition to the
images, with the location of the LNs relative to anatomical
landmarks, and also reduces the obscuring of nodes by
activity of an injection site that is near the tumor.6

In the present study, our objective was to determine the
ability of this modality to predict first-, second-, and third-
echelonnodelevels for various tumorsubsitesof theoral cavity.

Methods

The study was conducted at the Department of Otolaryngol-
ogy and Head & Neck Surgery in collaboration with the
Department of Nuclear Medicine and the Department of
Pathology at our institute. This was a prospective study
with a total of 20 diagnosed patients of early-stage oral
cancers. Prior approval was obtained from the ethics com-
mittee of the institution, with reference no. NK/4238/MS/
2224–25. The treatment plan was discussed in detail with
the patient and their attendants, and informed and written
consent was sought before proceeding with the study. The
minimum follow-up period planned was of 6 months, and
the maximum follow-up period was variable.

All diagnosed cases of stages I and II oral cavity cancers
were included, and patients with T3 or T4 diseases, irre-
spective of nodal status, with node-positive neck, with
malignancy of multiple subsites of the oral cavity, any other
coexisting malignancies, previous history of surgical treat-
ment of the neck, radiotherapy or chemotherapy, and

patients unfit for surgery due to associated comorbidities
were excluded from the study.

Technique: sentinel lymphnode (SLN) biopsy-guidedneck
dissectionþwide local excision (WLE) of the primary tumor.

A 4-quadrant peritumoral, submucosal injection of filtered
Tc 99 m sulfur colloid radiotracer in a dose of 0.1 millicurie in
each quadrant, and particle size of 220nm, was administered
an hour prior to taking up the patient for surgery (►Fig. 1). The
radiotracer was procured from the Board of Radiation and
Isotope Technology (BRIT), a unit of the Department of Atomic
Energy of the government of India. Early dynamic and late static
lymphoscintigraphy imaging followed by a SPECT-CT were
performed, as shown in ►Fig. 2. We used a Symbia T-16,
(Siemens, Erlangen, Germany) dual-head gamma camera with
a16-sliceCTscanner, for the lymphoscintigraphyandSPECT-CT.
We also used a large Europrobe model CE0459 (EuroRad,
Strasbourg, France) gamma probe. Once the patient underwent
general anesthesia induction, the gamma probe was applied to
the neck, and the neck levels with radioactivity were marked
and documented as preflap counts, that is, before raising the
subplatysmal flaps. Postflap in vivo counts, that is, after raising
the subplatysmal flaps but before performing the neck dissec-
tion,weredocumented,asshownin►Fig. 3. Theneckdissection
of the patient was planned according to the sentinel node level
obtained, and one level above and one level below the SLNwere
included in the neck dissection specimen. Exploration of levels
IIBandVwasdependentuponthe radioactivity in level IIA.Once
the LN and the fibrofatty tissue from one level were dissected,
the gamma probewas applied to the specimen, and postflap ex
vivo counts were recorded, as shown in ►Table 1, that is, the
radioactivity of the LN after their resection. After completion of
the neck dissection, the gamma probe was applied to the
dissected neck, and the residual radioactivity was recorded as
bed counts, after which the nodes were removed. In our study,
radioactivity equal to at least double that of the background
activity in the neck nodes was considered significant. All of the
neck nodes and their levels were labeled before forwarding the
specimen for histopathological examination. Sentinel nodes
were not identified to the histopathologist to avoid bias.

Wide local excision of the primary tumor with 1–1.5 cm
margin all around was performed, followed by primary

Fig. 1 Radiotracer being injected in the anterior quadrant of the
primary tumor, which is located on the middle third of the left lateral
border of the tongue.
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Fig. 2 Imaging in a case of Carcinoma right lateral border of the tongue with detection of first- and second-echelon nodes. (A) Early dynamic
imaging (arrows showing the locaation of sentinel lymph nodes). (B) Late static imaging. (C) Single photon emission computed tomography-
computed tomography showing first-echelon node at level II and second-echelon node at level IV.

Fig. 3 (A)Gammaprobeapplicationafter raisingthe subplatysmalflap. Postflap invivocountsare recorded. (B).Highradioactivity in thesentinel lymphnode.
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closure or split-thickness skin graft cover, especially for the
buccal mucosa primary. The histopathological examination
of the LNs included grossing, hematoxylin and eosin staining,
and serial-step sectioning with a minimum of 5 slices, each
measuring up to 5 microns. In highly suspicious nodes with
presence of micrometastases or sinus histiocytosis, immu-
nohistochemistry (IHC) for pancytokeratin was performed.
A revision histopathological examination with serial-step
sectioning and IHCwas performed on the sentinel nodes that
were initially reported as negative for metastases.

Statistical Analysis

Theanalysiswasconductedusing theStatisticalPackagefor the
Social Sciences (SPSS) software, version 22.0 (IBM Corp.,
Armonk, NY, US). All point estimates were supplemented
with their corresponding 95% confidence intervals (95%CIs).
Continuous data, assumed to be normally distributed, was
written in the form of their means and standard deviations
(SD), and skewed data were written in the form of their
medians and interquartile ranges, as per the requirement.
Proportions were compared using the Chi-squared or Fisher
exact test, depending on their applicability. All of the statistical
tests were two-sided, and were performed at a significance
level of α ¼ 0.05. The diagnostic accuracy was measured by
calculating the sensitivity, specificity, positive predictive value,
and negative predictive value.

Results

The details of the demography, primary tumor and its
characteristics, and type of neck dissection for both groups
have been described in the ►Table 2.

The mean (SD) age of the study participants was 52.3
(16.3) years. Males outnumbered femaleswith several 13 out
of 20 (65%). Addictions were present in 11 (55%) patients,
and the most common addiction was tobacco smoking. The
most common oral cavity subsite was the lateral border of

the tongue,which affected 65% of the sample, followed by the
buccal mucosa, which affected 30%, and the retromolar
trigone (RMT), which affected 5% of the sample.

A total of 17 (85%) patients underwent SND, and 3 (15%)
underwent modified neck dissection (MND). The mean (SD)
operating timewas of 2.46 (0.48) hours. Tumor depth was not
uniformly recorded for all patients in our study; therefore, the
analysis of depth-related variables was excluded.

We have compared the SLN identification rate on lym-
phoscintigraphy, on SPECT-CT, and with gamma probe use.
This is defined as the identification of at least one SLN in
every patient. The SLN identification rate was the same with
lymphoscintigraphy and SPECT-CT, that is, the echelon node

Table 1 Documentation of radioactive tracer counts within the
lymph nodes at various levels before and after raising the
subplatysmalflapandbefore, during, andafter the neckdissection

Neck
node
levels

Preflap Postflap

In vivo Ex vivo Bed

I A 100 kc 1,200 kc Background Background

I B 1,900 kc 1,900 kc
1,000 kc

2,000 kc
500 kc

Background

II A 2,000 kc 1,500 kc 1,500 kc Background

II B � Background Background Background

III Background Background Background Background

IV 500 kc 500 kc 500 kc Background

V Background Background Background Background

Note: The highlighted node levels are the echelon levels detected with
gamma probe. Abbreviation: kc, kilocounts.

Table 2 Demography and various parameters for the patients
of the study and control groups

Characteristics Study group (n¼20)

Age (mean� SD in years) 52.3�16.3

Gender

Male 13 (65%)

Female 7 (35%)

Addictions

Present 11 (55%)

Absent 9 (45%)

Oral cavity subsite

Tongue 13 (65%)

Buccal mucosa 6 (30%)

RMT 1 (5%)

TNM staging

Clinical

Stage I (T1N0M0) 5 (25%)

Stage II (T2N0M0) 15 (75%)

Pathological

N þ 6 (30%)

N1 4

N2B 2

N - 14 (70%)

Neck dissection

SND 17 (85%)

MND 3 (15%)

Operating time
(mean� SD in hours)

2.46�0.48

Tumor depth n¼17

Range in mm 1–13

Mean� SD in mm 7.24�2.84

Complication rate 5% (1/20)

Recurrence rate NIL

Death rate 5% (1/20)

Abbreviations: MND, modified neck dissection; RMT, retromolar trigone;
SD, standard deviation; SND, sentinel neck dissection; TNM, tumor, node,
metastasis.
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levels on lymphoscintigraphy correlated well with those on
the SPECT-CT. Therefore, we have compared the identifica-
tion rate on imaging with that of the gamma probe. The SLN
identification rate with imaging alone was of 70%, that is, 14
out of 20 patients had SLNs detected. The 6 patients whose
SLNswere not located on the imaging examhad carcinoma of
the buccal mucosa. The SLN identification rate with the the
intraoperartive use of the gamma probe was of 100%, that is,
all 20 cases had�1 SLN identified.

The time between the peritumoral injection of the radio-
tracer and the application of the gamma probe intraoper-
atively ranged from 90minutes to 240minutes, with a mean
interval of 165.25�32.38minutes.

Upon imaging, out of 14 patients, a single sentinel nodewas
detected in 5 (35.7%), and multiple (that is, more than one)
sentinel nodes were detected in 9 (64.2%) patients. With the
gamma probe, a single sentinel node was detected in 8 (40%),
and multiple nodes were detected in 12 (60%) patients. We
analyzed the overall incidence of first-, second-, and third-
echelon nodes at various levels in the present study, irrespec-
tive of the tumor subsite, as shown in ►Table 3. The highest
incidences of first-echelon node on imaging and gammaprobe
wereat levels IIAand IB respectively. Second-echelonnodewas
equally incident on imaging at levels IIA, III, and IV, whereas
with gamma probe, level IIA was the most common. Third-
echelonnodesweredetectedonlyongammaprobeapplication
in 5 tongue-cancer patients,with thehighest incidence at level
IV in 4 (80%), followed by level III in 1 case (20%).

We also analyzed the tumor subsite specific incidence of
first- and second-echelon nodes with imaging and gamma
probe, as shown in ►Fig. 4. Out of 13 cases of carcinoma of

the tongue, 4 (30.7%) had first-echelon nodes detected at
level IB, and 1 (7.7%) had it at level III with both imaging and
gammaprobe, and the remaining 8 (61.5%) patients had first-
echelon nodes detected at level IIA on imaging. On gamma
probe, of these 8 patients, 6 had first-echelon nodes detected
at level IIA, and 2 patients had it detected at level III. Six cases
of buccal mucosa had first-echelon nodes detected at level IB
only on gamma probe application. One case of retromolar
trigone had first-echelon node at level IB with both imaging
and gamma probe.

The second-echelon level detection showed differences
for tongue primary, with variable incidence on imaging and
gamma probe. Nine (69.2%) out of 13 cases of carcinoma of
the tongue had second-echelon nodes detected. It was
equally incident at levels IIA, III, and IV on imaging, whereas
with gamma probe, it wasmost incident at level IIA, followed
by levels III and IV and, in one case, at level IIB. Second-
echelon node for buccal mucosa primary was detected in 3
patients only with gamma probe, and was most common at
level IIA (66.6%), followed by level III (33.3%).

A total of 21 neck sides were examined in 20 patients (1
patient with tongue tip primary had bilateral neck dissec-
tion), and a total of 458 LNswere harvested, out of which 208
were the SLNs, with an average of 10.4 SLNs harvested per
person. Out of the 458 LNs harvested, 25 (5.5%) were
metastatic, 20 (80%) of which were SLNs, that is, the true
positives. The remaining 5 (20%) were non-SLNs, that is, the
false negatives. Diagnostic accuracy was calculated in terms
of their sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV), which were of
80%, 56.58%, 9.61%, and 98% respectively.

The complication rate was of 5% in our study. The most
common complication noted was development of trismus,
postoperatively. Death occurred in 1 (5%) patient 4 months
postoperatively due to age-related comorbidities. No locore-
gional recurrencewas noted in the studied patients up to date.

Discussion

Observations pertaining to age and gender of the patients in
this study were similar to the results of the study by De
Carvalho et al,7 which showed male preponderance and no
statisticaldifference in termsofagedistributionof thepatients.

The most common oral cavity subsite involved by the
primary tumor was the tongue, followed by the buccal
mucosa. The subsite distribution of primary lesions was
concurrent with the reviews of Warnakulasuriya et al,8

which state that the most common oral cavity subsite in
oral cancer is the tongue in the European andUS populations,
whereas in the Asian population, it is the buccal mucosa.

The tumor, node, metastasis (TNM) staging was studied,
and 15 out of 20 (75%) were T2 N0 M0, that is, stage II, and 5
(25%) were T1 N0M0, that is, stage I, preoperatively. Four out
of 15 stage-II cases had nodal metastasis, with 3 upstaged to
stage III and 1 upstaged to stage IVA. Two out of 5 stage-I
cases had nodal metastasis, with 1 case each upstaged to
stages III and IVA. There was upstaging to stages I and II by
SLNB by � 40% and 26.6% respectively. This was

Table 3 Showing the incidence of single and multiple sentinel
lymph nodes, and the overall incidence of first and second
echelons on imaging and gamma probe

Imaging (n¼14) Gamma probe
(n¼ 20)

Single SLN 5 (35.7%) 8 (40%)

Multiple SLN 9 (64.2%) 12 (60%)

Total 14 (99.9%) 20 (100%)

First echelons Imaging (n¼14) Gamma probe
(n¼ 20)

IB 5 (37.5%) 11 (55%)

IIA 8 (57.14%) 6 (30%)

III 1 (7.14%) 3 (15%)

Total 14 (99.9%) 20 (100%)

Second echelons Imaging (n¼9) Gamma probe
(n¼ 12)

IIA 3 (33.3%) 6 (50%)

IIB � 1 (8.3%)

III 3 (33.3%) 3 (25%)

IV 3 (33.3%) 2 (16.6%)

Total 9 (99.9%) 12 (99.9%)

Abbreviation: SLN, sentinel lymph node.
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asynchronous with the results of the study by Alkureishi
et al,9 in which they concluded that T-stage has significant
correlation with nodal metastasis, and also showed a risk of
upstaging by SLNB to T1 and T2 tumors of � 30% and 50%,
respectively.

The SLN identification rate in our study was of 100% with
intraoperative gamma probe, and it was of 70% with imag-
ing, which included lymphoscintigraphy and SPECT-CT,
whereas in the study by Schilling et al,10 the SLN identifi-
cation rate was of 99.5% with lymphoscintigraphy and
gamma probe use. The SLN identification rate was the
same when comparing lymphoscintigraphy and SPECT-CT,
in contrast with the study by Toom et al,11 in which they
concluded that use of SPECT-CT in addition to lymphoscin-
tigraphy identified additional SLNs and upstaged the pro-
cedure. In our study, the 30% of patients whose SLNs were
not detected on imaging were the 6 cases of buccal mucosa,
whereas intraoperative gamma probe identified the SLNs in
all of these cases. So far, no studies have been oerformed

exclusively on SLNB of carcinoma of the buccal mucosa to
determine its role. Moreover, the identification rate of
multiple SLNs was better with intraoperative gamma probe
use when compared with imaging.

We studied the incidence of first-, second-, and third-
echelon nodes in all of the patients undergoing SLNB, and
compared them with the use of imaging and gamma probe.
The first-, second-, and third-echelon nodes were determined
by correlating the lymphoscintigraphy and SPECT-CT imaging
with the intraoperative radioactive counts of the LNs upon
application of the gamma probe.

The overall incidence of first-echelon node was the high-
est at level IIA with imaging, and at level IB with gamma
probe use. While the subsite specific incidence showed the
highest incidence at level IIA for tongue cancer on both
imaging and probe use, and at level IB for buccal mucosa
and RMT cases. In two cases of tongue carcinoma, therewas a
discrepancy in that thefirst echelon on imagingwas level IIA,
while on gamma probe it was level III. The reason for this

1st Echelon
node 

SPECT-CT 
(n=14) 

1 case of 
CA RMT Level IB 

13 cases of 
CA TONGUE 

8 - Level IIA 
4 - Level IB 
1 - Level III 

GAMMA PROBE 
(n=20) 

1 case of RMT Level IB 

6 cases of 
CA BUCCAL 

MUCOSA 
Level IB 

13 cases of 
CA TONGUE 

6 - Level IIA 
4 - Level IB 
3 - Level III 

2nd Echelon
node  

GAMMA PROBE 
(n=12) 

3 cases 
CA Buccal mucosa 

2 - Level IIA 
1 - Level III 

9 cases 
CA Tongue 

4 - Level IIA
2 - Level III
2 - Level IV
1 - Level II

SPECT-CT 
(n=9)

9 cases  
CA Tongue 

3 - Level IIA 
3 - Level III 
3 - Leve IV 

Fig. 4 (A) and (B) show the primary tumor subsite specific incidence of first- and second-echelon nodes at various levels on single photon
emission computed tomography-computed tomography and gamma probe.
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could be the drainage of the radiotracer from itsfirst-echelon
node, whichmight have provided less radioactivity counts at
level IIA and high counts at level III. This also applies to the
difference in second-echelon levels in tongue cases in our
study. This finding emphasizes the importance of having a
shorter time interval between radiotracer injection and
gamma probe application for best results, that is, the sooner
the patient is taken up for surgery, themore precisewould be
the determination of various echelon nodes.

A special mention must be made of two cases of tongue
primary in our study, inwhich one case had the first-echelon
node at level III on both imaging and gamma probe, but
histopathology showed nometastasis, and the other case had
first-echelon node at level IIA and second-echelon node at
level III, but histopathology showed metastasis in a level-III
node, that is, skip metastasis.

The predictability of third-echelon nodes in our study
only with gamma probe use but not on imaging emphasizes
the time the radiotracer takes to drain through the lym-
phatics down the nodal basin. Therefore, early and late
lymphoscintigraphy and SPECT-CT, which were performed
within 30minutes of radiotracer injection, could not pick up
third-echelon nodes, whereas gamma probe applied intra-
operatively did pick up the third-echelon nodes in 5 cases in
which the time interval was prolonged, comparedwith other
cases. So far, studies have shown the total number of SLNs
detected, but none of have demonstrated in detail the various
levels of echelon nodes in oral cancers.

Predetermination of neck node levels that were to be
explored and dissected avoided the extensive exploration
and dissection of the neck and decreased the operating time
in the majority of the patients. Intraoperative gamma probe
application differentiated the sentinel and non-sentinel LNs at
a given echelon level based on the radioactivity that were all
resected, levels labeledand sent for biopsy, and also it detected
residualnodes in thedissectedneck,whichwerealso removed.
The diagnostic accuracy of SLNB in our study in terms of SLN
identification rate, sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV)were pf 100%,
80%, 56.58%, 9.61%, and 98% respectively. The rates found in
two of the biggest meta-analyses studying the diagnostic
accuracy of SLNB in oral cancer were as follows: in the study
by Hassan et al, 12 the sensitivity, specificity, PPV, and NPV
were of 93%, 100%, 100%, 97% respectively, and in the study by
Liu et al,13 the SLN identification rate, sensitivity, and NPV
were of 96.3%, 87%, and 94%, respectively.

A revision histopathological examination by further serial
slicing and IHC for pancytokeratinwasperformed in the SLNs
reported negative for metastasis. It identified 2 patients with
one positive SLN each; this increased the number of true
positives and increased the sensitivity of the procedure from
78.2 to 80%. The limitation of the present study is a small
sample size, with a higher number of cases of carcinoma of
the tongue and lower representation for other oral subsites,
low specificity and PPV of the SLNB when compared with
other studies.

Conclusion

High SLN identification rate, sensitivity, and NPV imply a
definitive role of SLNB in the staging of node-negative necks
in early-stage oral cancers. Radionuclide imaging with lympho-
scintigraphy and SPECT-CT predicts the first-echelon neck
levels, and, in some cases, second-echelon nodes as well, thus
determining the neck levels to be explored. Intraoperative
gamma probe application differentiates the sentinel and non-
sentinel LNs within the echelon levels with the advantage of
predictionof thenextechelonlevels if thetime intervalbetween
radiotracer injection and surgery is long. The combined use of
imaging and gamma probe certainly has high predictability for
various echelon levels in early-stage oral cancers.
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