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Abstract

Background: Sentinel lymph node biopsy (SLNB) is used to improve the staging
of and guide treatment in patients with early-stage T1-T2NO oral squamous cell
carcinoma (OSCC). The role of sentinel nodes (SNs) and the use of SN-technique
in advanced OSCC (T3-T4 and/or N+) remain to be evaluated. This study investi-
gates the nodal drainage and the rate of positive SNs (SNs+) in all stages of OSCC.
Materials and Methods: In total, 85 patients with T1-T4 OSCC diagnosed
2019-2021 were included. We used a prolonged interval between peritumoral in-
jection of radionuclide and SPECT-CT to include all SNs.

Results: Patients with advanced OSCC presented a higher proportion of con-
tralateral lymphatic drainage and a higher rate of SN+ compared to patients with
early-stage disease. T3-T4 and N+ tumors presented a tendency for a higher rate
of contralateral lymphatic drainage compared to T1-T2 and NO tumors (p=0.1).
The prevalence of positive nodes (SNs+) was higher among patients with ad-
vanced disease, T3-T4 versus T1-T2 (p=0.0398).

Conclusion: SN-assisted ND enables identification and removal of all SNs+ and
has the potential for more accurate staging and could possibly give prognostic ad-
vantages regarding regional recurrence for all OSCC patients, especially among
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1 | INTRODUCTION

Oral squamous cell carcinoma (OSCC) is the most com-
mon head and neck cancer and accounts for approximately
380,000 new cases worldwide annually.! OSCC has an in-
creasing incidence, and in contrast to the most head and
neck cancers, that incidence is increasing among younger
adults without a history of tobacco or alcohol abuse.*™®
Despite advances in surgical and oncological treatment
the prognosis for OSCC is still relatively unfavorable with
a 5-year relative survival of 68%,” where younger patients
seem to have a worse outcome compared to their older
counterparts.®

Neck metastases (N+) is a strong negative prognostic
factor in OSCC.>™ For patients diagnosed with advanced
OSCC, T3-T4 and N+, therapeutic ipsi-lateral neck dissec-
tion (TND) is an accepted standard of treatment often fol-
lowed by radio/chemotherapy.'? In the event of a midline
tumor or tumor crossing the midline, bilateral selective
neck dissection is often performed. In patients with early-
stage OSCC (T1-T2NO0), occult metastases in the neck are
present in up to 20%-40% of patients, therefore leading to
elective neck dissection (END) as the standard of care for
early-stage OSCC in many medical centers. >3

After END and TND, the rate of recurrence in the
neck is relatively high for patients with OSCC, 13%-30%
in early-stage and 40% in N+ disease. Combined therapy
(post-operative radiotherapy (RT) or chemo-radiotherapy
[CRT]) is used as a common treatment standard for OSCC
stage II and above. A large proportion of the recurrences
are found in the ipsilateral treated neck.'>'”'® The high
proportion of nodal recurrence may indicate that the
conventional END and TND have not included all lymph
nodes in the neck levels or did not include the neck level
with the presence of occult metastases, thus leaving resid-
ual occult metastases in the neck field. Also, a proportion
of the nodal recurrences occur on the contralateral side,
a part of the neck that is not covered during traditional
END/TND or post-operative RT or CRT.

In the last decade, sentinel lymph node biopsy (SLNB)
has been introduced in OSCC as a less invasive method
for the detection of occult metastases in patients with
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those with advanced disease. The precise localization of the SNs+also suggests
that a more individualized ND approach might be possible in the future even for

patients with advanced OSCC.

head and neck cancer, metastases, neck dissection, oral squamous cell carcinoma, sentinel

early-stage OSCC (T1-T2NO). SLNB including pre-
operative single-photon emission computed tomography
(SPECT-CT) also allows a good assessment of the patient's
individual lymphatic drainage pattern, that is identifica-
tion of the tumor draining lymph nodes (TDLNSs) called
sentinel nodes (SNs)." For early-stage OSCC, SLNB have
a reported sensitivity of 75%-87% and a negative predic-
tive value of 94%-98% in detecting occult metastasis.'®*!
Thus, SLNB is considered a reliable and safe method to
identify occult metastases in the neck for early-stage T1-
T2NO OSCC.*"** Survival outcome for early-stage OSCC
seems to be comparable between SNLB and END, accord-
ing to recent metanalysis,* although results from ongoing
randomized trials, such as NRG-HNO006, are pending.

Assessment of the lymphatic drainage from early-stage
OSCC illustrate contralateral lymph drainage in 12%-22%
of patients with well lateralized tumors and as high as 71%
in patients with midline tumors. '***** While the rate of
occult contralateral cervical metastases is low for patients
with early-stage OSCC (3%-6%)"'®'*** it is relatively
high in advanced T3-T4 and N+ disease (30%).° Therefore,
SNLB is suggested to allow better control of the occult con-
tralateral metastases than END in early stage OSCC."**

There is data showing that the tumor size and depth of
invasion (DOI) correlates to the rate of occult metastases.
The rate of the occult metastases in SLNB is higher in T2
versus T1 disease (37.8% vs. 18.5%),"? and DOI is associ-
ated with a higher rate of occult contralateral nodal me-
tastasis.'”** This data indicates a plausible value of adding
the SN-technique for T3, T4 and N+ OSCC.

In this study, we have mapped lymphatic drainage and
investigated the prevalence of occult metastases in SNs
in patients with more advanced OSCC (T3-T4, N+) and
compared to early stage T1-T2NO OSCC in a Stockholm-
Gotland (Sweden) cohort. Also, a technique with a
prolonged interval between peritumoral injection of radio-
nuclide and SPECT-CT was used to include all SNs in the
neck, and in cases of advanced OSCC the neck field was
rechecked with both gamma probe and ICG-camera at the
end of surgery to ensure no SNs were left behind. The aim
of this study was to evaluate if SN-assisted ND can be a
step toward more accurate staging and in the future a more
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individualized treatment achieving better locoregional
control for patients with advanced T3, T4 and N+ OSCC.

2 | MATERIALS AND METHODS

2.1 | Patient characteristics

Eighty-five patients diagnosed with OSCC, both T1-T4 NO
and N+ disease, diagnosed at Karolinska University
Hospital, Sweden, between 2019 and 2021 and surgically
treated with intention to cure were included in the study.

At Karolinska University Hospital, SNLB is currently
part of the standard oncological practice for staging and
treatment of OSCC. Among early stage (T1-T2N0) OSCC
patients, SNLB was performed in all patients, and in case
of a positive SN, a subsequent (completion) ND including
levels 1-4/5 was performed on the neck were the SNLB was
positive. Patients with advanced OSCC (clinically staged
T3, T4 and N+ disease) underwent SN-assisted neck dis-
section level 1-4 or 1-5 on the ipsilateral side and SNLB in
the contralateral neck in case of contralateral drainage by
SPECT-CT, followed by a contralateral ND in case of posi-
tive contralateral SN in a second-stage surgery. In the case
of a midline tumors or tumors crossing the midline, selec-
tive SN-assisted ND was performed bilaterally on patients
with N+ disease. In all patients, tumor localization and
nodal status were staged by clinical examination/biopsy,
computed tomography (CT) and/or magnetic resonance
imaging (MRI) and fine needle aspiration cytology when
needed. The staging, following the eighth TNM staging clas-
sification, was confirmed in a multidisciplinary conference
before surgery. Based on the pathological results after sur-
gery, the need for further adjuvant treatment (RT or CRT)
was decided in a second multidisciplinary conference.

The sentinel node-assisted ND was preceded by pre-
operative submucosal peritumoral injections (4-6 injec-
tions depending on the tumor's size and location) with
a Tc-99m (technetium-99) labeled tracer. Tilmanocept
(Lymphoseek, Cardinal Health) was used until February
2021, and after that replaced by Nanocolloid (Nanocoll,
GE Healthcare). Imaging of the head-neck and thorax
with a strictly standardized SPECT-CT (single-photon
computed tomography with CT) was performed earliest
1h after peritumoral injections.*® Surgery was performed
up to 24h after Tc-99 m-labeled tracer injection and the
dose was adjusted in relation to the time to surgery. At
the beginning of the surgery, fluorescent indocyanine
green (ICG) dye (Verdye, Diagnostic Green GmbH) was
injected peritumorally in the same way as Tilmanocept/
Nanocolloid. Localization of SN was confirmed intra-
operatively by gamma probe (EuroProbe, Euromedical
Instruments) in combination with optical fluorescence

detection by an integrated illuminator and HD camera
(VITOM NIR/ICG, Stortz or Stryker SPY-PHI). An ipsi-
lateral modified neck dissection level 1-3 was performed
with addition of further levels and/or lymph node biop-
sies depending on the location of SNs for patients with
cNO OSCC. Patients with N+ OSCC were treated with
modified radical neck dissection (level 1-5). SNs within
the neck field were excised separately, or in a few cases,
marked with a suture in the neck specimen. At the end of
the neck surgery, when the neck specimen was excised,
the neck field was rechecked with both gamma probe and
ICG-camera to ensure no SNs were left behind. SNs on the
contralateral side was identified and excised as SNLB. SNs
were sent separately for pathological analysis according to
the hospital SN-protocol.?® In N+ OSCC the SN was re-
garded positive when a SN other than the known metas-
tasis presented macro/micro or isolated tumor cells in the
histopathological report of the ND.

2.2 | Statistical analysis

Statistical analysis was performed with the GraphPad
Software, version 9.0.0. The Fisher's exact test was used to
test the dependence between clinicopathological descrip-
tive features and lymphatic drainage pattern and SN posi-
tivity. p-value <0.05 was considered significant.

3 | RESULTS

The study included a total of 85 patients with OSCC
treated with SN-assisted surgery. Overall, 63 patients were
diagnosed with early-stage T1-T2NO, and 22 patients were
staged with advanced OSCC, T3-T4 and/or N+. Out of all
85 patients, 71 patients were staged preoperatively with NO
and 14 patients with N+ disease. None of the patients had
contralateral neck metastases (N2c) or had distant metas-
tases at the time of diagnosis. Patient characteristics are
shown in Table 1. As expected, patients with early-stage
(T1-T2) OSCC were significantly more often diagnosed
with NO disease, as compared to patients with T3-T4
(63/70 (90%) versus 8/15 (53%), p=0.002, 95% CI 2.126-
25.66). In all 14 patients with N+ OSCC, the known neck
metastases were identified with SPECT-CT before the sur-
gery, as well as with both gamma probe and by ICG during
surgery, and later verified in the histopathology report.

3.1 | Lymphatic drainage in OSCC

The lymphatic drainage seen by SPECT-CT was analyzed.
Of the 85 patients, 58/85 (68%) presented with ipsilateral
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TABLE 1 Patient and tumor characteristics.

Patients and tumor characteristics
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Lymphatic drainage according to SPECT CT

SN according to histopathology

Ipsilateral
All patients only Bilateral All patients SN- SN+
n Yo n % n %o n %o n %o n %
Number of patients 85 58 27 84 54 30
Age mean (range) 62 (22-90) 69 67 62 (22-90) 59 66
Sex
Female 37 43.5 24 41.4 13 48.1 36 42.9 26 48.1 10 333
Male 48 56.5 34 58.6 14 51.9 48 57.1 28 51.9 20 66.7
T
T1 40 47.1 29 50.0 11 40.7 39 46.4 29 53.7 10 333
T2 30 35.3 21 362 9 333 30 35.7 19 352 11 36.7
T3 11 12.9 6 10.3 5 18.5 11 13 5 6.3 6 20.0
T4 4 4.7 2 3.5 2 7.4 4 4.8 1 1.9 3 10.0
N
NO 71 83.5 50 86.2 21 77.8 71 84.5 48 88.9 23 76.7
N+ 14 16.5 8 13.8 6 22.2 13 15.5 6 11.1 7 23.3
N1 6 7.1 4 6.9 2 7.4 5 6.0 3 5.6 2 6.7
N2b 8 9.4 4 6.9 4 14.8 8 9.5 3 5.6 5 16.7
Site of primary tumor
Oral tongue 62 72.9 44 759 18 66.7 61 72.6 41 759 20  66.7
(C021-C023)
Floor of mouth 8 9.4 2 3.5 6 222 8 9.5 4 7.4 4 13.3
(C040-C049)
Lower alveolus and 6 7.1 5 8.6 1 3.7 6 7.1 4 7.4 2 6.7
gingiva (C031)
Buccal mucosa 6 7.1 6 10.3 0 0 6 7.1 4 7.4 2 6.7
(C060-C061)
Others (C030, C044, 3 3.5 1 1.7 2 7.4 3 3.6 1 1.9 2 6.7
C051)
Tillmanocept (T)/Nanocoll (Na)
T 46 54.1 30 51.7 16 59.3 46 54.8 27 50.0 19 63.3
Na 39 45.9 28 48.3 11 40.7 38 45.2 27 50.0 11 36.7

drainage only, while 27/85 (32%) also demonstrated a
contralateral drainage. No patient had lymphatic drain-
age solely to the contralateral side of the neck (Table 1).
Patients with early-stage OSCC (T1-T2N0) showed a trend
towards less contralateral tumor drainage, as compared to
patients with advanced stages (N+, T3-T4) (p=0.1).

3.2 | Lymphatic drainage in relation
to diagnosis

Patients diagnosed with the tumors in buccal mucosa
and mandibular gingiva (C060, C031, N=12), showed

a trend (p=0.09) towards less contralateral drainage
compared to patients with tumors in the oral tongue
and the floor of the mouth (C020-23, C040-49, N=70)
(Tables 1, 2).

3.3 |
T-stage

Lymphatic drainage in relation to

Smaller tumors (T1-T2) tended to present more often
with only ipsilateral lymphatic drainage compared to
larger tumors (T3-T4), regardless of NO/N+ stage, (p =0.2)
(Table 2). In fact, the prevalence of contralateral lymph
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TABLE 2 Comparison of T-stage,

Ipsilateral drainage Contralateral . :
. a location of the tumor and lymphatic
only, n (%) drainage, n (%) p-value ] . .
drainage according to SPECT-CT in oral
a. Patients with clinically NO disease cancer patients with (a) clinically NO
T-stage disease; (b) clinically NO and N+ disease.
T1+T2 46 (73%) 17 (27%) 0.2243
T3+T4 4(50%) 4 (50%)
Location of tumor
Oral tongue and 43 (69.4%) 19 (30.6%) 0.451
floor of the
mouth
The buccal and 7(77.8%) 2(22.2%)
mandibular
gingival tumors
b. All patients (both clinically NO and N+ disease)
T-stage
T1+T2 50 (71.4%) 20 (28.6%) 0.2233
T3+T4 8 (53.3%) 7 (46.7%)
Location of tumor
Oral tongue and 47 (65.3%) 25 (34.7%) 0.2105
floor of the
mouth
The buccal and 11 (84.6%) 2 (15.4%)
mandibular

gingival tumors

*Fisher's exact test.

TABLE 3 Contralateral lymph drainage according to SPECT-
CT in relation to T and N stage.

T-stage Total NoO N+

ALL 85 21/71(29.6%)  6/14(42.9%)
T1 11/40 (27.5%) 9/37 (23.7%) 1/3 (33.3%)
™ 9/30 (30%) 8/26 (30.8%) 2/4 (50%)
T3 5/11 (45.5%) 3/7 (42.9%) 2/4 (50%)
T4 2/4 (50%) 1/1 (100%) 1/3 (33.3%)

drainage increased in parallel to an escalation in T-stage
(Table 3).

Among T1 and T2 patients with contralateral drain-
age, 11/11 (100%) of the T1 cases and 8/9 (89%) of the
T2 cases had tumors anatomically located close to the
midline or diagnosed with tumors in the oral tongue or
floor of the mouth (C021, C040). In patients with larger
tumors (T3-T4), 7/15 (47%) had lymphatic drainage also
seen in the contralateral side (Table 3). Six out of seven
T3-T4 OSCCs were diagnosed with tumors located in
the oral tongue or floor of mouth (C021, C040), two of
them exceeding the midline and three of them 3/6 (50%)

were anatomically located close to the midline accord-
ing to the patients’ charts.

3.4 | Lymphatic drainage in relation to
N-stage

None of the 14 patients with N+ OSCC at the time of diag-
nosis presented with metastases/N+ in the contralateral
neck in the preoperative investigation. In all patients with
N+ OSCC, the known metastases were identified as SN
in the preoperative SPECT-CT and confirmed with both
gamma probe and ICG during ND-surgery (Tables 1, 2
and 3).

The rate of contralateral lymph drainage was higher
in patients with N+ compared to NO OSCC. Among all
patients with NO OSCC, 21/71 (29.6%) presented with
contralateral drainage compared to 6/14 (42.9%) of all
patients with N+ disease (Table 2). The rate of con-
tralateral drainage was not affected by the T-stage for
patients with N+ disease since the contralateral drain-
age was the same for both T1-T2 N+ and for T3-T4 N+
(3/7 [42.8%]). Among the patients with N1 disease,
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contralateral lymph drainage was present in 2/6 (33%)
patients compared to 4/8 (50%) of the patients with
N2b OSCC.

3.5 | Presence of metastasis in SN (SN+)
in OSCC

Out of 85 patients, 84 had a histopathological report
from the SN biopsies. Among the 84 patients, metasta-
ses (micro/macro or isolated tumor cells) were found
in one or more SNs in 30/84 (35.7%), see (Table 1).
Advanced OSCC (T3-T4 and/or N+) presented SN+
at a higher rate than early-stage, 12/21 (57.1%) versus
18/63 (28.6%). The rate of occult contralateral nodal
metastasis (SN+) in all stages of OSCC was 4/84 (4.8%):
2/63 (3.2%) in early-stage OSCC and 2/21 (9.5%) in the
advanced-stage OSCC.

3.6 |
T-stage

Positive SN (SN+) in relation to

The number of SN+ increased with the T stage, regardless
of the N-stage, ranging from 20% to 75% (Table 4).

Despite few included T3 and T4 patients, it appeared
as if SN+ was more frequent in T3-T4NO than T1-T2NO
(p=0.1,95% CI 0.917-16.650), a trend that became signif-
icant when comparing all T1-T2 versus T3-T4 (p=0.0398,
95% CI 1.039-11.560) (Tables 4 and 5).

3.7 | Positive SN (SN+) in relation to
N-stage

Patients with N+ disease presented as SN+ at a higher rate
than patients with NO disease, 7/13 (53.8%) compared to
23/71 (32.4%). Patients with T1-T2 N+ demonstrated SN+
in 2/6 (33.3%) cases and patients with T3-T4 N+ had SN+
in 5/7 (71%) cases. Furthermore, while 2/5 (40%) with N1

TABLE 4 Positive sentinel node (SN+) in relation to T and N
stage.

SN+

T-stage Total NoO N+

ALL 30/84 (35.7%) 23/71 (32.3%) 7/13 (53.8%)
Tl 8/39 (20.5%) 8/37 (21.6%) 2/2 (100%)
T2 12/30 (40%) 10/26 (38.5%) 1/4 (25%)
T3 7/11 (63.6%) 4/7 (57.1%) 2/4 (50%)
T4 3/4 (75%) 1/1 (100%) 2/3 (66.7%)
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TABLE 5 Comparison of T-stage and sentinel node positivity
according to histopathology in oral cancer patients with (a)
clinically NO disease; (b) clinically NO and N+ disease.

a. Patients with clinically N0 disease

SN- n (%) SN+ n (%) p-value®
T-stage
T1+T2 45 (71.4%) 18 (28.6%) 0.1020
T3+T4 3(37.5%) 5(62.5%)
Location of tumor
Oral tongue 43 (69.4%) 19 (30.6%) 0.4581
and floor of
the mouth
The buccal and 5 (55.6%) 4 (44.4%)
mandibular
gingival
tumors

b. All patients (both clinically NO and N+ disease)

SN- n (%) SN+ n (%) p-value?®
T-stage
T1+T2 48 (69.6%) 21 (30.4%) 0.0398
T3+T4 6 (40%) 9 (60%)
Location of tumor
Oral tongue and 43 (60.6%) 28 (39.4%) 0.220
floor of the
mouth
The buccal and 5(28.5%) 8 (61.5%)
mandibular
gingival
tumors

“Fisher's exact test.

disease presented as SN+, 5/8 (62.5%) of the patients with
N2b were SN+ (Tables 1 and 4).

3.8 | Positive non-sentinel node
(non-SN+) in the neck specimen

In 7/58 (12.1%) of all patients who underwent ND, we
found an additional metastasis in a non-SN in the histo-
pathological report of the neck specimen. Additional posi-
tive non-SNs were found in 3/40 (7.5%) of all patients with
early-stage OSCC who underwent ND, while non-SN+
were found in 3/18 (16.7%) of patients with SN+ early
stage, compared to 2/21 (9.5%) of all cases with advanced
OSCC Among the patients with T3-T4NO disease, no
non-SNs were found (0/5), while 2/13 (15.4%) of patients
with N+ OSCCs had non-SN+. Importantly, all non-SN+
were found in neck levels with previously known metas-
tasis or SN+.
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4 | DISCUSSION

The risk of regional recurrence after elective and thera-
peutic neck dissection in patients with OSCC is relatively
high, and the prognosis after recurrence is poor.">? Thus,
finding ways to reduce the rate of regional recurrence could
substantially improve survival in these patients. While
sentinel node biopsy is an established method to improve
regional control in early-stage T1-T2NO OSCC, only a few
studies have included a limited number of SNLB in pa-
tients with advanced T-stage OSCC and when it comes to
N+ OSCC the pattern of lymphatic drainage and the prev-
alence of SN+ has not been previously described. In this
study, patients with advanced OSCC present contralateral
lymphatic drainage at a higher frequency than patients
with early-stage OSCC. Furthermore, patients with ad-
vanced T3, T4, and N+ disease exhibited a higher rate of
SN+ compared to patients with early-stage disease. These
results suggest that the use of SN-technique increases the
possibility to surgically remove all occult metastases even
in advanced OSCC.

The increased risk of contralateral recurrence and oc-
cult contralateral metastasis after ipsilateral END is pre-
viously known and related to T-stage, and some authors
have even suggested bilateral END in patients with T3/
T4 disease or N+.2'%227 Furthermore, when comparing
neck failure in the contralateral side in early stage OSCC,
patients treated with SLNB-biopsy present lower num-
bers of failure compared to patients treated with END.*
In this study, we see a clear pattern of increased risk for
contralateral lymphatic spread with higher T-stage. Our
results confirm the higher risk of contralateral spread in
larger tumors. By combining traditional ipsilateral END/
TND with SN-technique for T3-T4 OSCC, possible lymph
drainage to the contralateral side can be identified and
included in the surgery by SNLB. SNLB on the contralat-
eral side could result in a more accurate staging and could
also in some cases spare the patients form the side effects
caused by bilateral ND.

Also, we found differences in lymph drainage pattern
between the different oral subsites, where tumors local-
ized in the floor of the mouth (C040-C049) have a higher
risk of contralateral lymphatic drainage, followed by the
tumors in the oral tongue (C020-C023), while the risk
seems lower for tumors in the buccal mucosa (C060) or
mandibular gingiva (C031). In our study, there were no
midline tumors, although few tumors were located close
to the midline. Almost all small tumors that showed con-
tralateral lymph drainage were located close to the mid-
line or located in the floor of the mouth. However, there
was one patient with a well-lateralized T2 tumor and
two patients with T4a tumors of the mandibular gingiva
who also had contralateral SNs. This highlights the fact

that contralateral lymph drainage can occur even in well-
lateralized tumors.'”?*** Accordingly, our results are in
line with previous studies on early-stage OSCC where
T1-T2 tumors close to the midline present contralateral
lymph drainage at a higher rate than more lateralized
tumors.”***

It has previously been shown that neck failure accounts
for a large number of recurrences in both early stage and
more advanced OSCC. Recurrence occurs both in the ip-
silateral neck, treated with END/TND with or without ad-
juvant RT/CRT, representing in-field recurrences, as well
as in the untreated contralateral neck.">** In patients
with early stage OSCC treated with ipsilateral END, 69%
presented in-field recurrence while recurrences in the sur-
gically untreated contralateral neck was found in 39%.>
Furthermore, patients with early stage OSCC who under-
went END had a higher risk of developing contralateral
regional recurrence than those who underwent SLNB,
3.8% versus 1.3%, and none of the patients where occult
metastases were detected by SLNB developed contralat-
eral neck recurrence.”> Consequently, the use of SNLB
in advanced OSCC enables contralateral staging of the
neck at the same time as the ipsilateral neck is addressed.
Furthermore, SLNB may in some cases offer a less inva-
sive alternative to bilateral ND for patients with tumors
close to or crossing the midline, thus avoiding overtreat-
ment of the contralateral neck by allowing accurate selec-
tion of those patients who may require treatment of the
contralateral neck.” In our study, none of the patients
with N+ OSCC showed any presence of contralateral me-
tastases after standard preoperative investigation includ-
ing CT and/or MRI. After SPECT-CT, and confirmed with
gamma probe and ICG during surgery, 43% (6/14) of all
patients with N+ OSCC presented lymph drainage to the
contralateral neck, compared to 30% (21/71) among pa-
tients with NO disease. Interestingly, in six of the N+ pa-
tients diagnosed with lateralized tumors in buccal mucosa
and mandibular gingiva, three presented lymph drainage
to the contralateral side. The high proportion of contralat-
eral SN for patients with N+ and advanced T3-T4 OSCC,
and the actual presence of positive SNs on the contralat-
eral side (9.5%), shows clinical advantages of adding the
SN technique to the traditional ND performed for OSCC
with N+. Also, patients with advanced T-stage and NO will
benefit from the SN-technique since it allows including
SNs from the contralateral neck. Another advantage of
using the SN-technique during the ipsilateral ND is the
possibility to recheck the neck field at the end of the neck
surgery, with gamma probe and ICG, to ensure that no
SNs are left behind.

In previous studies performed on T1-T2NO OSCC, me-
tastases were found in 9.2%-23% of the SNs,'*?! which is
in line with our results where 20% had SN+ in early OSCC.
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As expected, the rate of SNs + was higher in the advanced
OSCC and an increasing rate was seen with higher T stage,
and in N+ vs. NO disease. It could be theorized that the
node metastasis could interfere with the lymphatic tissue
and its function and thereby obstruct the lymphatic drain-
age, subsequently blocking any signal uptake at SPECT
CT and/or ICG-imaging. However, in our study, all previ-
ously known metastases in patients with N+ OSCC, were
confirmed by preoperative SPECT-CT and per-operative
gamma probe and ICG-imaging. After performing SN-
assisted ND we found additional metastasis in SNs in 54%
of the patients with N+ OSCC disease. In 60% of the cases
the SN was found in another neck level than the known
metastasis. The prevalence of SN+ additional to the
known metastases confirms the importance of identifying
and including all SNs in the surgery of the neck, both on
the ipsilateral- and contralateral side. Therefore, adding
the SN-technique to advanced N+ OSCC gives us the op-
portunity to include all SN in the neck surgery and possi-
bly reduce the risk of recurrence for this group of patients.
Furthermore, a more sensitive detection of contralateral
metastasis improves staging and thus a more accurate
post-operative treatment (adjuvant RT/CRT) can be given.

The method of mapping the lymphatic drainage from
the tumor differs between medical centers. In some cen-
ters, post-injection imaging is done within 5-30 min from
injection.”** This technique can identify the velocity
from the injection site to the first SN and subsequently to
the other echelon nodes allowing the surgeon to identify
and resect only the first SN and thus possibly lower the
number of negative nodes harvested.** Other institutions
perform the imaging within 30-90min from injection to
include more of the tumors SNs and also to add more pre-
cise anatomical and spatial information on their localiza-
tion.*~** There is also evidence that it is important to not
only harvest the SNs with the strongest signal, but also all
nodes with signal, since metastases in several cases were
found in SNs with weaker signals.*

In the literature, additional non-SN+ are found in
15%-40% of the ND after positive SN biopsy in early-stage
0SCC,1621:243536 while in our study non-SN+ were found
in 7.5% in ND in patients with early-stage disease and in
10% in the advanced OSCC cases. In a recent study by
Panula et al., 33% of the SN+ were not found in the SN
with the strongest signal, but rather detected in a SN with
a weaker signal.** This implies that including all SNs is im-
portant. At Karolinska University Hospital the SPECT-CT
is performed earliest 1h after the peritumoral injection
of TC-99m labeled Nanocolloid/Tilmanocept, to ensure
that all SNs are visualized, which may have an impact on
the low-rate of non-SN+ in our material. *® Including all
tumor draining SNs may also have an impact on the rate
of false negative SNs occurring as neck relapse, although

. 12531
Cancer Medicine _ “WI LEYJ—

studies with a larger patient cohort and longer follow up
time is warranted. Furthermore, in previous data the rate
of false negative SNs has been described as 15%, that is
regional recurrences.'

In previous studies the majority additional non-SN+
were found in the same neck level as the SN or adja-
cent neck level.?! In our data, based on prolonged time
to SPECT-CT, no additional non-SN+ were found in
neck levels other than the previous known metastases
or SN-location, making us suggest that the neck dissec-
tion guided by SN technique should be customized to in-
clude the neck levels with identified metastases and SNs.
Another future possibility is to guide the postoperative RT
based on the SN-mapping.*” More accurate surgery and
radiation fields in the neck could potentially improve sur-
vival and in some cases diminish the patients acute and
long-term side effects. The low rate of non-SN+ in early
stage OSCC (7.8%) also raises the question if in the fu-
ture it would be sufficient to excise only the positive SN
basin without a therapeutic neck dissection for early-stage
OSCC, when using the proper technique? This remains to
be studied further.

Both radiotracer and ICG dye, were injected submuco-
sally around the tumor, in 4 or 5-6 sites, depending on
the tumor size. In this study, we did not find it technically
more difficult to inject patients with larger tumors. In this
limited cohort, the number of non-SN+ found in the ND
of T3-T4 N0/ N+ patients were equal to those found in the
ND from patients with T1-T2NO0, which could indicate
that the submucosal peritumoral injections is applicable
also for larger tumors.

SNLB is today incorporated in many national guide-
lines for early stage OSCC, even though it is not universally
accepted. There are several limitations of the technique,
that is false negative SN, risk for a second surgery in case
of SN+, extra time and cost required to preoperative injec-
tion and imaging, time-consuming histological analysis
and surgical learning curve.”! Also, the accuracy to detect
occult metastasis in floor of mouth tumors with SLNB is
significantly lower,'® and there is limited data availed on
the survival outcomes between SNLB and END.? These
limitations highlight the need for more research on SNLB
in OSCC.

4.1 | Limitations of the study

This retrospective study includes a limited number of pa-
tients, especially the group with advanced stage OSCC.
Also, the short follow up time does not allow us to draw
any conclusions regarding the outcome for regional re-
currences/survival at this stage and longer follow up is
needed.
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Since the aim of this study was to highlight the possible
advantages of adding the sentinel node technique to the
surgical protocol even for the advanced stages of OSCC,
we believe the results to still be of value.

5 | CONCLUSIONS

Patients with advanced OSCC (T3, T4, N+) present a
higher rate of contralateral lymphatic drainage and SNs+
compared to patients with early stage (T1, T2, N0) OSCC.
The presented findings indicate that adding the SN-
technique to the neck surgery might be of clinical value
in advanced OSCC since it enables a more accurate stag-
ing without performing contralateral ND, as well as in-
creasing the possibility to surgically remove all SNs+. The
precise localization of the SNs+ also suggests that a more
individualized ND and RT/CRT approach might be pos-
sible even for the advanced OSCC, although further stud-
ies are warranted. Therefore, based on the findings of this
study, we recommend using the SN technique in all stages
of OSCC.
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