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Abstract: This study evaluated sentinel lymph node (SLN) identification with CT lymphography
(CTL) following peritumoral administration of Lipiodol® relative to conventional ™ Tc-nanocolloid
lymphoscintigraphy (including SPECT/CT) in 10 early-stage oral cancer patients undergoing SLN
biopsy. Patients first underwent early dynamic and static scintigraphy after peritumoral admin-
istration of **™Tc-nanocolloid. Subsequently, Lipiodol® was administered at the same injection
sites, followed by fluoroscopy and CT acquisition. Finally, late scintigraphy and SPECT/CT were
conducted, enabling the fusion of late CTL and SPECT imaging. The next day, designated SLNs
were harvested, radiographically examined for Lipiodol® uptake and histopathologically assessed.
Corresponding images of CT, 99MTe-nanocolloid lymphoscintigraphy and SPECT /late CTL fusion
were evaluated. ™ Te-nanocolloid lymphoscintigraphy identified 21 SLNs, of which 7 were identified
with CTL (33%). CTL identified no additional SLNs and failed to identify any SLNs in four patients
(40%). Out of six histopathologically positive SLNs, two were identified by CTL (33%). Radiographic
examination confirmed Lipiodol® uptake in seven harvested SLNs (24%), of which five were depicted
by CTL. CTL using Lipi0d01® reached a sensitivity of 50% and a negative predictive value (NPV)
of 75% (median follow-up: 12.3 months). These results suggest that CTL using Lipiodol® is not a
reliable technique for SLN mapping in early-stage oral cancer.

Keywords: mouth neoplasms; sentinel lymph node biopsy; lymphatic metastasis; lymphography;
computed tomography; X-ray

1. Introduction

In early-stage oral squamous cell carcinoma (OSCC), sentinel lymph node biopsy
(SLNB) has proven to be a reliable staging procedure for the clinically negative neck
(cNO), with similar locoregional-free, disease-specific and overall survival rates as well as
significantly lower functional morbidity compared to its alternative, elective neck dissection
(END) [1-3].

Since the introduction of SLNB, sentinel lymph node (SLN) imaging has undergone
several technologic refinements, including the introduction of single-photon emission
computed tomography/computed tomography (SPECT/CT) [4]. Yet, both technical and
logistical challenges remain for SLNB using conventional technetium-99m (**™Tc) labeled
radiotracers, which instigate the ongoing investigation for alternative high-resolution SLN
imaging techniques [5-7].

Among others, CT lymphography (CTL) using peritumorally administered water-
soluble iodine-based contrast agents (e.g., iopamidol) has been put forward as a high-
resolution alternative for conventional lymphoscintigraphy and has been studied in several
tumor types, including early-stage OSCC [8-12].
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However, owing to the high velocity of lymphatic transportation, limited retention
and rapid washout of water-soluble iodine-based contrast agents [13], true SLNs may be
overlooked, and contrast-enhanced higher-echelon nodes may be erroneously designated
as SLNs. Sugiyama et al. found that 4/27 patients staged negative for nodal metastasis on
the basis of CTL using iopamidol actually had occult cervical lymph node metastases. In
these patients, overlooked SLNs were only marginally contrast-enhanced on CTL, resulting
in a poor accuracy of the procedure (sensitivity: 56%, negative predictive value (NPV):
85%). Furthermore, re-evaluation of the CTL images showed that iopamidol was only
briefly retained in SLNs, with Hounsfield units (HU) of the contrast-enhanced SLNs already
decreasing after 10 min post-injection [14].

Lipiodol®, an oil-based iodinated contrast agent with a higher viscosity, may provide
increased retention of SLNs as well as delayed tracer wash-out and, thus, might improve
SLN identification on CTL in early-stage OSCC patients [13,15]. Kim et al. already demon-
strated the feasibility of CTL using Lipiodol® for SLN mapping in patients with early
gastric cancer [13]. In their study, CTL successfully visualized contrast-enhanced SLNs at
1 h following the peritumoral submucosal injection of Lipiodol® in all patients.

Furthermore, Lipiodol® has been combined with indocyanine green (ICG) as a sin-
gle emulsion, which could overcome the limitations of injecting two individual tracers
consecutively (i.e., dual-tracer methods), potentially enabling the reliable intra-operative
localization of pre-operative depicted SLNs [7,16].

Therefore, this study evaluated SLN identification with CTL following the peritumoral
administration of Lipiodol® compared to SLN identification using conventional lymphoscintig-
raphy, including SPECT/CT with ™ Tc-nanocolloid in early-stage OSCC patients.

2. Materials and Methods
2.1. Patients

This study was approved by the Ethics Committee of the University Medical Center
Utrecht (no. 20/079) and was registered in the Netherlands Trial Register (accessible via
https:/ /www.trialregister.nl/, registration number NL9005).

Between November 2020 and June 2021, a total of 10 patients with newly diagnosed
early-stage OSCC (cT1-2N0; TNM Staging AJCC UICC 8th Edition [17,18]), scheduled for
SLNB, were prospectively included in this study.

In all patients, cNO status was confirmed by palpation and ultrasound of the neck. In
those with suspect lymph nodes on ultrasound, ultrasound-guided fine-needle aspiration
cytology was performed. In most patients (80%), magnetic resonance imaging of the head
and neck was acquired as part of clinical staging.

Patients with prior head and neck malignancies in the past 5 years were excluded from
this study. In addition, patients with a history of gross injury to the neck that precluded
the reasonable surgical dissection of SLNSs for this trial, neck dissection or radiotherapy to
the neck were excluded from this study as well. Finally, patients who previously had an
allergic reaction after the administration of an iodine-based contrast agent or those with
manifest hyperthyroidism could not participate in this study.

2.2. Study Design

Figure 1 provides an overview of the study’s procedures.

The day before surgery, included patients first underwent conventional early scintigra-
phy (i.e, dynamic and early static) following the peritumoral administration of
120 megabecquerel (MBq) *™Tc-nanocolloid in a volume of ~0.5 mL by an experienced
radiologist and nuclear medicine physician (B.d.K.).

Then, a total volume of 0.5 mL Lipiodol® was administered peritumorally at the
same injection site by the same physician (B.d.K.) in the presence of a second observer
(RM.; DN.V.D.). In order to record the early lymphatic drainage of Lipiodol®, peritumoral
administration of Lipiodol® was immediately followed by a dynamic X-ray in odontoid
view (projections, anterior—posterior and anterior—oblique; 75 kV, 220 mA, small focus, filter:
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0.1 mm Cu + 1 mm Al) until 20 min post-injection (Figure 2). Subsequently, CTL images
were acquired using IQon Spectral CT (Philips Healthcare, the Netherlands) (Figure 3).
CT acquisition was conducted using the following settings: 120 kV; 62 mAs; rotation time:
0.27 s; slice thickness: 0.9 mm.

t=0
Peritumoral injection t=1-5min t=31-35 min
technetium-99m P Dynamic scintigraphy » Early static scintigraphy
nanocolloid (30 min} (15 min)
(120 MBq)
=45 min t = 45-50 min t=1h 10 min
TPeritumoral injection = . _
L. b > Dynamic X-ray > CTL
Lipiodol* (15-20 min) (5 min)
(0.5 mL)
t=2h t=2h 15 min t=2h 50 min
Late static scintigraphy » SPECT/CT -late CTL > Cutaneous marking
(15 min) (35 min} identified SLNs
t=20-24h t~20-24 h t>24h

Harvesting SLNs using
conventional gamma-
probe

A 4

Low-dose X-ray of
harvested SLNs

Histopathological
assessment of harvested
SLNs

Figure 1. Time schedule of study events. MBq, megabecquerel; mL, milliliter; CTL, computed
tomography lymphography; SPECT/CT, single-photon emission computed tomography/computed
tomography; SLNs, sentinel lymph nodes.

After CTL, late scintigraphy and SPECT acquisition were initiated 2 h post-injection of
9mTe-nanocolloid and were followed by low-dose CT acquisition as part of SPECT/CT,
according to the EANM guidelines [19]. Since the low-dose CT, as part of SPECT/CT,
was conducted after the injection of Lipiodol® (120~125 min post-injection), SPECT/CT
acquisition inherently allowed for the fusion of late CTL and SPECT imaging (Figure 4).

SLNs identified by **™Tc-nanocolloid lymphoscintigraphy (including SPECT/CT)
were marked on the overlying skin. Any additional SLNs identified in vicinity of the
primary tumor by CTL were marked for surgical extirpation as well on the basis of their
anatomical location.
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Figure 2. Contrast-inverted dynamic X-ray images acquired 10 min following peritumoral injection of
Lipiodol® in a patient with cTINO OSCC on the left side of the oral tongue (patient 6). No lymphatic
drainage of Lipiodol® was observed with dynamic X-ray. (A) Anterior—posterior odontoid projection;
(B) anterior-oblique odontoid projection; (*) injection site.

Figure 3. CT lymphographic images acquired 25 min post-injection of Lipiodol® in the same patient
(patient 6). (A) Axial plane, (B) coronal plane, and (C) sagittal plane; (*) injection site. Lymphatic
drainage was observed (white arrows), yet no SLNs were identified on CTL in this patient.
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Figure 4. Fusion of SPECT and late CTL at 120 min post-injection of Lipiodol® in the same patient
(patient 6). (A) Axial plane, (B) sagittal plane, (C) coronal plane, and (D) maximum intensity
projection (MIP); (*) injection site. The presence of Lipiodol® was seen in a SLN located in cervical
lymph node level Ila on the left side (white arrows), as identified with SPECT, corresponding with
the hotspot (L) on MIP. Conventional **™Tc-nanocolloid lymphoscintigraphy (including SPECT/CT)
identified another SLN in cervical lymph node level Ib on the left side, in which no uptake of
Lipiodol® could be seen on late CTL.

The next day, the marked SLNs were harvested under conventional portable gamma-
probe guidance. The location of the extirpated SLNSs, including their counts per second, as
measured with the portable gamma-probe, were registered. In those with tumors involving
the floor-of-mouth, super-selective neck dissections of cervical lymph node level I were
performed [20]. Any SLNs in the super-selective neck dissection specimen were extirpated
ex vivo under gamma-probe guidance.

All extirpated SLNs were subjected to low-dose X-ray using a mammography system
(Hologic 3Dimension™; target-filter rhodium, 30 kV, 10 mAs, small focus) to assess whether
those SLNs contained Lipiodol® (Figure 5).
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Figure 5. Low-dose X-ray of extirpated SLNs from patient 6. (A) SLN level Ib left (750 counts per
second), which proved histopathologically positive for metastasis, showed no traces of Lipiodol®.
(B,C) SLN level Ib left (5387 counts per second; histopathologically negative) and SLN level Ila left
(9194 counts per second; histopathologically positive) with the uptake of Lipiodol® as confirmed by
low-dose X-ray (white squares).

Finally, harvested SLNs were sent for histopathological examination using step-serial-
sectioning (section thickness 150 um) with hematoxylin-eosin and pan-cytokeratin an-
tibody (AE 1/3) staining [21,22]. Patients with histopathologically negative SLNs were
assigned to a wait-and-scan approach. In those with at least one histopathologically positive
SLN, complementary treatment of the affected and adjacent nodal basins was employed
(i.e., neck dissection or (chemo)radiotherapy). Complementary neck dissection specimens
were histopathologically assessed for additional (non-SLN) nodal metastases. The follow-
up of patients was in compliance with standard oncological care.

2.3. Preparation of Lipiodol® for Peritumoral Injection

Lipiodol® was obtained from Guerbet, Roissy, France. Before peritumoral admin-
istration, Lipiodol® was pre-heated at 37 °C using a contrast media warming cabinet,
having a viscosity of approximately 25 mPa-s [15]. A total volume of 0.5 mL Lipiodol® was
peritumorally injected using a 1 mL compatible syringe.

2.4. Scintigraphy and SPECT/CT

Planar scintigraphic images were acquired in dynamic mode (128 x 128 matrix;
60 frames of 30 s) in anterior—posterior projection, followed by a static mode (256 x 256 matrix;
4 m) in anterior—posterior and lateral projections (30 m and 2 h post-injection). Dynamic
and static scintigraphic imaging was supplemented with 30 s flood field images. SPECT/CT
was acquired on a 128 x 128 matrix (pixel spacing, 4.8 x 4.8 mm), with 128 angles, 20 s per
projection, over a non-circular 360° orbit (CT: 110 kV, 40 mAs eff., slice thickness 1.2 mm).
Both scintigraphic and SPECT/CT images were acquired using a Siemens Symbia T16
SPECT/CT scanner with “low- and medium energy” (LME) collimators to limit septal
penetration and reduce shine-through [23]. SPECT/CT images were reconstructed using
clinical reconstruction software (Siemens Flash3D, Siemens Healthineers, Erlangen, Ger-
many), with attenuation and scatter correction (6 iterations, 8 subsets, and a 5mm Gaussian
filter).
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2.5. Evaluation and Analyses

For each patient, corresponding images of CTL and conventional *™Tc-nanocolloid
lymphoscintigraphy (including SPECT/CT), as well as fusion images of late CTL and
SPECT, were evaluated for the similarity of depicted draining lymph node basins, and
the number and location of identified SLNs. Furthermore, CTL and **™Tc-nanocolloid
lymphoscintigraphy were compared with respect to the visualization of lymphatic ves-
sels transporting the radiotracer. SLNs identified with either CTL or **™Tc-nanocolloid
lymphoscintigraphy, as well as outcomes of low-dose X-ray of harvested SLNs, were
related to the outcomes from histopathological assessment of extirpated SLNs and any
complementary neck dissection specimens. All images were simultaneously reviewed by a
radiologist/nuclear medicine physician (B.K.) and a second observer (R.M.).

All data were analyzed with IBM SPSS Statistics Version 28.0 (IBM Corp., Armonk,
NY, USA). For categorical variables, the number of cases and percentages are presented.
Continuous parametric variables are presented as mean (£SD); non-parametric variables
are presented as median. With histopathological examination of extirpated SLNs as well as
any complementary neck dissection specimens and follow-up as reference standard, both
sensitivity and NPV were calculated for CTL. Statistical tests were considered unfeasible,
due to the small number of patients included in this study.

3. Results

Patient and tumor characteristics of included patients are listed in Table 1. The most
frequently involved tumor subsite was the oral tongue (40%). Tumors were clinically classi-
fied as T2 in the majority of patients (80%). A total of 32 SLNs were harvested (a median
of 3 per patient), of which 6 contained metastases. In this population, 40% of patients
had occult lymph node metastasis as detected by SLNB. Of those with histopathologically
positive SLNs, three underwent complementary neck dissection (75%), while the remaining
patients underwent complementary radiotherapy. No additional nodal metastases were
found by the histopathological examination of complementary neck dissection specimens.
Adverse reactions following the peritumoral injection of Lipiodol® did not occur. The
median follow-up time was 12.3 months (ranging between 5.6 and 15.6 months).

3.1. Sentinel Lymph Node Identification

The outcomes of CTL and *™Tc-nanocolloid lymphoscintigraphy for all included
patients are presented in Table 2.

9mTe-nanocolloid lymphoscintigraphy identified a total of 21 SLNs, of which 7 were
identified by CTL as well (33%). No additional SLNs were identified by CTL. In four
patients, CTL failed to identify any SLN (40%). Out of the six histopathologically positive
SLNs, two were identified by CTL (33%).

Low dose X-ray confirmed the uptake of Lipiodol® in seven harvested SLNs (24%),
in a total of five patients, of which five SLNs were also depicted by CTL. Due to logistical
issues, the extirpated SLNS of patient four were not assessed for the presence of Lipiodol®
using low-dose X-ray.

Lymphatic vessels draining **™Tc-nanocolloid towards SLNs were visualized in four
patients by early dynamic and static scintigraphy (patients 2, 3, 5 and 6; 40%). In regard to
CTL, lymphatic vessels draining Lipiodol® were identified in three patients (patients 3, 6
and 9; 30%).

3.2. Follow-Up

During follow-up, one patient developed nodal recurrence 11 months following SLNB
(patient 1). Since the nodal recurrence occurred in the nodal basin that was initially staged
positive by SLNB and subsequently treated with complementary radiotherapy, it was
considered to be a consequence of inadequate complementary treatment rather than SLNB
failure. All other included patients remained free of disease. With a median follow-up of
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12.3 months, CTL using Lipiodol® reached a sensitivity of 50% and a NPV of 75% in this
population.

Table 1. Patient- and tumor characteristics.

Characteristics n=10
Gender, 1 (%)

Female 6 (60%)

Male 4 (40%)
Median age (y) (range) 67.0 (20-81)
History of head and neck cancer, 1 (%) 0 (0%)
Tumor location, n (%)

Tongue 4 (40%)

Floor-of-mouth 2 (20%)

Buccal mucosa 3 (30%)

Vestibule of mouth 1 (10%)
Side primary tumor, n (%)

Left 3 (30%)

Right 6 (60%)

Midline 1 (10%)
Clinical T-stage, 1 (%) *

T1 2 (20%)

T2 8 (80%)
Pathology primary tumor

Mean diameter (mm) (SD) 14.8 (£8.7)

Mean depth-of-invasion (mm) (SD) 4.0 (£2.6)
Median harvested SLNs (range) 3 (2-5)
Histopathological status SLNs, 1 (%)

Negative 26 (81%)

Positive 6 (19%)
Pathological N-stage after SLNB, 1 (%) *

pNO(sn) 6 (60%)

pNI1(sn) 2 (20%)

pN2b(sn) 2 (20%)
Complementary neck treatment, n (%)

Complementary ND 3 (30%)

Complementary RT 1 (10%)
Follow-up in months (range) 12.3 (6-16)

n, number; y, years; mm, millimeters; SD, standard deviation; SLNSs, sentinel lymph nodes; SLNB, sentinel lymph
node biopsy; ND, neck dissection; RT, radiotherapy. * According to the AJCC TNM classification, 8th edition.

Follow-up cross-sectional imaging was performed in two patients, according to the
standard of oncological care, on account of a suspected recurrence (patient 1) or for further
oncological staging after positive SLNB (patient 6) at 331 days and 13 days following SLNB,
respectively. In both patients, remains of Lipiodol® were still seen surrounding the initial
primary tumor site on FDG-PET/CT (Figure 6). However, no further lymphatic drainage
of Lipiodol® nor depositions of Lipiodol® in lymph nodes were observed in either patient
on follow-up imaging.
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Table 2. Comparison of sentinel lymph node distribution between CT lymphography and *™Tc-
nanocolloid lymphoscintigraphy.

Primary Identified SLNs Lipiodol® in Complementary
Ne T SG and Identified SLNs CTL Harvested SLNs (cps) PA pTNM *
umor Harvested SLN Treatment
SPECT/CT
Lower gum I Right 13 Right (360) T No
1 (right) Ila Right None Ib Right (259) + No RT I-V right pT4aN2b(sn)
& ITa Right (198) - No
il Right T Right T Right 2347) | - Yes
2 Tongue (right) il Right il Right I Right (2004) - Yes N.A. pT2NO(sn)
1T Left I Left (129) - No
b Right I Left b Right (171) - No
FOM III Right I Right (429) - Yes
3 (midline) I Lot I Lot (411) - No N.A. PTINO(sn)
11 Left (328) - No
FoM 13 Right b Right b Right (701) ¥ NS.
4 (midline) JIE] Right Ila Right (174) - N.S. SND I-II right pTIN1
I Left I Left (276) - NS.
T Teft T Teft (447) E No
5 Tongue (left) v Left None I Left (441) - No N.A. pTINO(sn)
v Left (927) - No
b Left Tla Left b Left (750) + Yes
6 Tongue (left) Ta Left b Left (5387) - No MRND I-V pTINZb
Tla Left (9194) + Yes left
Tb Right Tb Right 13 Right (97) - No
Buccal mucosa | I Right b Right (13) . No
7 (right) b Right (411) - No N.A. pTINO(sn)
g b Right (432) - No
I Right (310) - Yes
Buccal mucosa JIF) Left JIF) Left (184) - No
8 (left) None JIE Left (228) - No N.A. pT2NO(sn)
il Left (73) - No
I Right i Right b Right (963) - Yes
9 Tongue (right) | II Right 1 Right (363) | + No MRIND 1=V pT2N1
4 Right (648) - No g
Buccal mucosa 1T Right 1T Right (23) - No
10 (right) None I Right (158) - No N.A. PTINO(sn)

N°; patient number; SLN, sentinel lymph node; SG, scintigraphy; SPECT/CT, single-photon emission computed
tomography/computed tomography; CTL, computed tomography lymphography; cps, counts per second as
measured with conventional gamma-probe; PA, pathological assessment; +, histopathologically positive for
metastasis; -, histopathologically negative for metastasis; RT, radiotherapy; N.A., not applicable; FOM, floor-of-
mouth; MRND, modified radical neck dissection; SND, selective neck dissection. * Final pathological TNM-stage
following surgery, SLNB and any complementary treatment (AJCC TNM classification, 8th edition).

Figure 6. CT images as part of the FDG-PET/CT acquired 13 days following peritumoral administra-
tion of Lipiod01® (patient 6) clearly depicts remains of Lipiodol® located around the initial primary
tumor site (white squares). (A) Axial plane, (B) coronal plane, and (C) sagittal plane.

4. Discussion

In this within-patient comparison study aimed at evaluating SLN mapping using
CTL with Lipiodol® in early-stage OSCC, a disappointing SLN identification rate of only
33% was found for CTL. Contrast-enhanced lymphatic vessels were identified in three
patients by CTL (30%), while conventional early dynamic and static scintigraphy managed
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to visualize lymphatic vessels draining 99mTe_nanocolloid in four patients (40%). Moreover,
in 40% of patients, neither lymphatic drainage of Lipiodol® nor contrast-enhanced lymph
nodes were observed at all on CTL. In this population, CTL using Lipiodol® would have
falsely staged two patients as negative for nodal metastatic disease (patients 1 and 9),
corresponding with a sensitivity of 50% and an NPV of 75%.

Hence, our results contradict those of Kim et al. [13], who identified at least one
contrast-enhanced lymph node in all 10 early gastric adenocarcinoma patients by CTL one
hour following the peritumoral injection of 1 mL Lipiodol®. Furthermore, in their study,
all metastatic lymph nodes (1 = 3) retained Lipiodol® as confirmed by histopathological
examination of the sentinel nodal basin including immunohistochemistry and Oil-Red-O
staining [13]. Given that elective lymphadenectomy was performed in all patients, no
step-serial-sectioning of ex vivo-dissected (S)LNs was performed (sectioning thickness
2 mm), non-sentinel basins were subjected to routine histopathological examination and
no follow-up results were reported, the accuracy of CTL using Lipiodol® as described
by Kim et al. may actually be lower. Especially when considering that micro-metastases
and isolated tumor cells are easily missed by routine histopathological examination of
lymphadenectomy specimens or by sectioning SLNs at larger intervals than 150 pm [24-27].
Still, this does not entirely clarify the discrepancy in the rate of identified contrast-enhanced
lymph nodes by CTL using Lipiodol® between both studies. Although larger volumes
of Lipiodol® were administered by Kim et al., the effect of larger volumes (>0.5 mL) on
SLN identification is dubious and has not been recommended by EANM guidelines, as
it may lead to a collapse of lymphatics and an increase in patient discomfort [19,28,29].
Presumably, differences in characteristics of the lymphatic system between tumor sites
contribute to these contrasting results.

Despite the fact that peritumorally administered Lipiodol® exhibited poor lymphatic
drainage in our population, its capabilities in terms of long-term retention and delayed
tracer wash-out were demonstrated by both late CTL and low-dose X-ray of harvested SLNs.
In fact, follow-up cross-sectional imaging in two patients showed retention of Lipiodol® at
13 days and 11 months post-injection. However, it should be pointed out that these remains
of Lipiodol® were only seen surrounding the initial primary tumor site and that no further
lymphatic drainage nor depositions of Lipiodol® in lymph nodes were observed. These
findings on the long-term retention of Lipiodol® are in line with Kim et al., which revealed
that extirpated lymph nodes still contained Lipiodol® one day following CTL [13].

Overall, our results suggest that CTL using Lipiodol® is inferior to CTL using water-
soluble iodine-based contrast agents. In previous studies investigating CTL using a water-
soluble iodine-based contrast agent (i.e., iopamidol), at least one SLN could be identified
by CTL in 89-96% of patients [7-12,14]. In addition, two series reported contrast-enhanced
lymphatic vessel visualization in 90% of their patients [9,11]. Their approach for SLNB
using CTL led to a reported sensitivity ranging from 56 to 80% and a NPV ranging from 82
t0 96% [7,9,10,12,14]. Nonetheless, it should be mentioned that in some of these studies,
SLNB was immediately followed by END, irrespective of the histopathological status of
harvested SLNs [9,10]. As aforementioned, micrometastases are easily missed by routine
histopathological examination of neck dissection specimens; therefore, the reported false-
negative rate of SLN mapping by CTL in these studies may be underestimated [24-26].
In those studies with more reliable reference standards (i.e., observation of the untreated
neck during follow-up after negative SLNB), the reported diagnostic accuracy of SLNB
on the basis of CTL using iopamidol was significantly worse (sensitivity 56-63%, NPV
85-86%) [12,14]. For now, both our data as well as results from previous studies suggest
that the strategy of SLNB with CTL, using either Lipiodol® or water-soluble iodine-based
contrast agents (e.g., iopamidol), is inferior to SLNB with conventional *™Tc-labeled
radiotracers [30].

Even so, modifications of oil-based iodinated contrast media could increase the de-
gree of lymphatic drainage while still allowing for long-term retention in lymph nodes,
potentially improving SLN detection by CTL [16,31]. Alternatively, other radiocontrast
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agents (e.g., Nanotrast-CF800 entrapped gold nanoparticles) have shown their potential
for SLN mapping using CTL in animal studies [32-34]. These modified radiocontrast
agents may enhance the utility of CTL for SLN mapping but have yet to be investigated in
human studies.

Several limitations of this study have to be acknowledged. First of all, as previ-
ously mentioned, in this study a smaller volume of iodinated contrast agent was adminis-
tered compared to other studies [9-14]. This discrepancy, as well as other dissimilarities
(i.e., tumor site and reference standard), contribute to the fact that our results cannot easily
be compared with those achieved by Kim et al. [13]. However, in our population, the vast
majority of the administered Lipiodol® remained in the injection site as depicted with
CTL, late CTL and follow-up imaging. Accordingly, the marginal lymphatic drainage of
Lipiodol® itself, rather than the injected volume, appears to impede adequate SLN visual-
ization. In addition, by using similar volumes for CTL and conventional *™Tc-nanocolloid
lymphoscintigraphy (i.e., ~0.5 mL), a more reliable comparison in regard to lymphatic
drainage and SLN identification between both techniques could be actualized.

Secondly, the histopathological examination of extirpated SLNs did not include oil-
staining to detect microscopic traces of Lipiodol®. Even though this did not impact the
accuracy of CTL, it might have provided more insight into the (microscopic) lymphatic
distribution of Lipiodol®.

Finally, due to the small population size of this study and its limited follow-up data, the re-
sults of this study should be interpreted with caution. Especially since longer follow-up might
reveal missed occult metastases as they become clinically manifest (false-negative outcome).

5. Conclusions

In conclusion, the results of this study suggest that CTL following the peritumoral
administration of Lipiodol® is not a reliable technique for SLN mapping in early-stage
OSCC, on account of the low SLN identification rate compared to the current standard for
SLN mapping: lymphoscintigraphy including SPECT/CT using **™Tc-labeled radiotracers.
Although modified radiocontrast agents may enhance the utility of CTL for SLN mapping,
they have yet to be further investigated in human studies.

Author Contributions: Conceptualization, R. M., R.d.B. and B.d.K.; methodology, R.M., R.d.B. and
B.d.K,; software, ] W.D. and B.d.K; validation, ] W.D. and B.d.K.; formal analysis, R.M., D.N.V.D. and
B.d.K,; investigation, R.M., D.N.V.D., R.d.B. and B.d.K.; resources, ] W.D. and B.d K.; data curation,
R.M., D.N.VD,, ].W.D. and B.d.K; writing—original draft preparation, R.M.; writing—review and
editing, RM., DN.V.D,, JW.D,, R.d.B. and B.d.K; visualization, RM., ] W.D. and B.d.K.; supervision,
R.d.B. and B.d.K,; project administration, R.d.B. and B.d.K. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the University Medical Center Utrecht (protocol
code 20/079, date of approval 20 April 2020) for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent was obtained from the patient(s) to publish this paper.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2022, 11, 5129 12 0f13

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Garrel, R.; Poissonnet, G.; Moya Plana, A.; Fakhry, N.; Dolivet, G.; Lallemant, B.; Sarini, J.; Vergez, S.; Guelfucci, B.; Choussy, O.;
et al. Equivalence Randomized Trial to Compare Treatment on the Basis of Sentinel Node Biopsy Versus Neck Node Dissection in
Operable T1-T2NO Oral and Oropharyngeal Cancer. J. Clin. Oncol. 2020, 38, 4010-4018. [CrossRef] [PubMed]

Hasegawa, Y.; Tsukahara, K.; Yoshimoto, S.; Miura, K.; Yokoyama, J.; Hirano, S.; Uemura, H.; Sugasawa, M.; Yoshizaki, T.;
Homma, A; et al. Neck Dissections Based on Sentinel Lymph Node Navigation Versus Elective Neck Dissections in Early Oral
Cancers: A Randomized, Multicenter, and Noninferiority Trial. J. Clin. Oncol. 2021, 39, 2025-2036. [CrossRef]

Gupta, T.; Maheshwari, G.; Kannan, S.; Nair, S.; Chaturvedi, P; Agarwal, ].P. Systematic review and meta-analysis of randomized
controlled trials comparing elective neck dissection versus sentinel lymph node biopsy in early-stage clinically node-negative
oral and/or oropharyngeal squamous cell carcinoma: Evidence-base for practice and implications for research. Oral Oncol. 2022,
124, 105642. [CrossRef]

den Toom, L].; van Schie, A.; van Weert, S.; Karagozoglu, K.H.; Bloemena, E.; Hoekstra, O.S.; De Bree, R. The added value of
SPECT-CT for the identification of sentinel lymph nodes in early stage oral cancer. Eur. |. Nucl. Med. Mol. Imaging 2017, 44,
998-1004. [CrossRef] [PubMed]

den Toom, L].; Boeve, K.; Lobeek, D.; Bloemena, E.; Donswijk, M.L.; De Keizer, B.; Klop, WM.C.; Leemans, C.R.; Willems, S.M.;
Takes, R.P; et al. Elective Neck Dissection or Sentinel Lymph Node Biopsy in Early Stage Oral Cavity Cancer Patients: The Dutch
Experience. Cancers 2020, 12, 1783. [CrossRef] [PubMed]

Bowe, C.M.; Shastri, M.; Gulati, A.; Norris, P.; Corrigan, A.; Barrett, A.; Bisase, B. Challenges and outcomes in establishing a
sentinel lymph node biopsy service for oral squamous cell carcinoma in a regional district specialist hospital. Br. |. Oral Maxillofac.
Surg. 2021, 59, 217-221. [CrossRef]

Mahieu, R.; de Maar, ]J.S.; Nieuwenhuis, E.R.; Deckers, R.; Moonen, C.; Alic, L.; Haken, B.T.; De Keizer, B.; De Bree, R. New
Developments in Imaging for Sentinel Lymph Node Biopsy in Early-Stage Oral Cavity Squamous Cell Carcinoma. Cancers 2020,
12, 3055. [CrossRef]

Saito, M.; Nishiyama, H.; Oda, Y.; Shingaki, S.; Hayashi, T. The lingual lymph node identified as a sentinel node on CT
lymphography in a patient with ctNO squamous cell carcinoma of the tongue. Dentomaxillofac. Radiol. 2012, 41, 254-258. [CrossRef]
Honda, K.; Ishiyama, K.; Suzuki, S.; Oumi, E.; Sato, T.; Kawasaki, Y.; Saito, H.; Ishikawa, K. Sentinel lymph node biopsy using
computed tomographic lymphography in patients with early tongue cancer. Acta Otolaryngol. 2015, 135, 507-512. [CrossRef]
Honda, K;; Ishiyama, K.; Suzuki, S.; Kawasaki, Y.; Saito, H.; Horii, A. Sentinel Lymph Node Biopsy Using Preoperative Computed
Tomographic Lymphography and Intraoperative Indocyanine Green Fluorescence Imaging in Patients with Localized Tongue
Cancer. JAMA Otolaryngol. Head Neck Surg. 2019, 145, 735-740. [CrossRef]

Sugiyama, S.; Iwai, T.; Izumi, T.; Ishiguro, K.; Baba, J.; Oguri, S.; Mitsudo, K. CT lymphography for sentinel lymph node mapping
of clinically NO early oral cancer. Cancer Imaging 2019, 19, 72. [CrossRef] [PubMed]

Ishiguro, K.; Iwai, T.; Izumi, T.; Sugiyama, S.; Baba, J.; Oguri, S.; Hirota, M.; Mitsudo, K. Sentinel lymph node biopsy with
preoperative CT lymphography and intraoperative indocyanine green fluorescence imaging for NO early tongue cancer: A
long-term follow-up study. J. Craniomaxillofac. Surg. 2020, 48, 217-222. [CrossRef] [PubMed]

Kim, Y.H.; Lee, YJ.; Park, ].H.; Lee, K.H.; Lee, H.S,; Park, Y.S.; Park, D.J.; Kim, H.-H. Early gastric cancer: Feasibility of CT
lymphography with ethiodized oil for sentinel node mapping. Radiology 2013, 267, 414-421. [CrossRef] [PubMed]

Sugiyama, S.; Iwai, T.; Izumi, T.; Baba, ].; Oguri, S.; Hirota, M.; Mitsudo, K. Sentinel lymph node mapping of clinically NO early
oral cancer: A diagnostic pitfall on CT lymphography. Oral Radiol. 2021, 37, 251-255. [CrossRef] [PubMed]

Pieper, C.C.; Hur, S.; Sommer, C.M.; Nadolski, G.; Maleux, G.; Kim, J.; Itkin, M. Back to the Future: Lipiodol® in Lymphography-
From Diagnostics to Theranostics. Investig. Radiol. 2019, 54, 600-615. [CrossRef]

Kim, H.; Lee, S.K.; Kim, YM.; Lee, E.-H.; Lim, S.-J.; Kim, S.H.; Yang, J.; Lim, J.S.; Hyung, W.]. Fluorescent iodized emulsion for
pre- and intraoperative sentinel lymph node imaging: Validation in a preclinical model. Radiology 2015, 275, 196-204. [CrossRef]
Amin, M.B.; Greene, EL.; Edge, S.B.; Compton, C.C.; Gershenwald, J.E.; Brookland, R.K.; Meyer, L.; Gress, D.M.; Byrd, D.R,;
Winchester, D.P. The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a bridge from a population-based to a
more “personalized” approach to cancer staging. CA Cancer J. Clin. 2017, 67, 93-99. [CrossRef]

Brierley, J.D.; Gospodarowicz, M.; Wittekind, C. UICC TNM Classification of Malignant Tumours, 8th ed.; Wiley: Chichester, UK,
2017.

Giammarile, F.; Schilling, C.; Gnanasegaran, G.; Bal, C.; Oyen, WJ.G.; Rubello, D.; Schwarz, T.; Tartaglione, G.; Miller, R.N.; Paez,
D.; et al. The EANM practical guidelines for sentinel lymph node localisation in oral cavity squamous cell carcinoma. Eur. J. Nucl.
Med. Mol. Imaging 2019, 46, 623-637. [CrossRef]

Stoeckli, S.J.; Huebner, T.; Huber, G.F.; Broglie, M. A. Technique for reliable sentinel node biopsy in squamous cell carcinomas of
the floor of mouth. Head Neck 2016, 38, 1367-1372. [CrossRef]

Alkureishi, L.W,; Burak, Z.; Alvarez, J.A.; Ballinger, J.; Bilde, A.; Britten, A.J.; Calabrese, L.; Chiesa, C.; Chiti, A. Joint practice
guidelines for radionuclide lymphoscintigraphy for sentinel node localization in oral/oropharyngeal squamous cell carcinoma.
Ann. Surg. Oncol. 2009, 16, 3190-3210. [CrossRef]

Dhawan, I.; Sandhu, S.V.; Bhandari, R.; Sood, N.; Bhullar, R.K.; Sethi, N. Detection of cervical lymph node micrometastasis and
isolated tumour cells in oral squamous cell carcinoma using immunohistochemistry and serial sectioning. J. Oral Maxillofac Pathol.
2016, 20, 436-444. [PubMed]


http://doi.org/10.1200/JCO.20.01661
http://www.ncbi.nlm.nih.gov/pubmed/33052754
http://doi.org/10.1200/JCO.20.03637
http://doi.org/10.1016/j.oraloncology.2021.105642
http://doi.org/10.1007/s00259-017-3613-8
http://www.ncbi.nlm.nih.gov/pubmed/28132110
http://doi.org/10.3390/cancers12071783
http://www.ncbi.nlm.nih.gov/pubmed/32635357
http://doi.org/10.1016/j.bjoms.2020.08.057
http://doi.org/10.3390/cancers12103055
http://doi.org/10.1259/dmfr/61883763
http://doi.org/10.3109/00016489.2015.1010126
http://doi.org/10.1001/jamaoto.2019.1243
http://doi.org/10.1186/s40644-019-0258-9
http://www.ncbi.nlm.nih.gov/pubmed/31718717
http://doi.org/10.1016/j.jcms.2020.01.007
http://www.ncbi.nlm.nih.gov/pubmed/32089429
http://doi.org/10.1148/radiol.12121527
http://www.ncbi.nlm.nih.gov/pubmed/23382288
http://doi.org/10.1007/s11282-020-00442-1
http://www.ncbi.nlm.nih.gov/pubmed/32419102
http://doi.org/10.1097/RLI.0000000000000578
http://doi.org/10.1148/radiol.14141159
http://doi.org/10.3322/caac.21388
http://doi.org/10.1007/s00259-018-4235-5
http://doi.org/10.1002/hed.24440
http://doi.org/10.1245/s10434-009-0726-8
http://www.ncbi.nlm.nih.gov/pubmed/27721609

J. Clin. Med. 2022, 11, 5129 13 0f 13

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Yoneyama, H.; Tsushima, H.; Kobayashi, M.; Onoguchi, M.; Nakajima, K.; Kinuya, S. Improved detection of sentinel lymph nodes
in SPECT/CT images acquired using a low- to medium-energy general-purpose collimator. Clin. Nucl. Med. 2014, 39, el-e6.
[CrossRef] [PubMed]

Ambrosch, P; Kron, M.; Fischer, G.; Brinck, U. Micrometastases in carcinoma of the upper aerodigestive tract: Detection, risk of
metastasizing, and prognostic value of depth of invasion. Head Neck 1995, 17, 473-479. [CrossRef] [PubMed]

Rinaldo, A.; Devaney, K.O.; Ferlito, A. Inmunohistochemical studies in the identification of lymph node micrometastases in
patients with squamous cell carcinoma of the head and neck. ORL |. Otorhinolaryngol. Relat. Spec. 2004, 66, 38—41. [CrossRef]
[PubMed]

King, C.; Elsherif, N.; Kirwan, R.; Schilling, C.; Hall, G.; Morgan, P.; Collins, L.; Sandison, A.; Odell, E.; Thavaraj, S. Serial step
sections at narrow intervals with immunohistochemistry are required for accurate histological assessment of sentinel lymph node
biopsy in oral squamous cell carcinoma. Head Neck 2021, 43, 2985-2993. [CrossRef]

Vorburger, M.S.; Broglie, M.A.; Soltermann, A.; Haerle, S.K.; Haile, S.; Huber, G.E,; Stoeckli, S.J. Validity of frozen section in
sentinel lymph node biopsy for the staging in oral and oropharyngeal squamous cell carcinoma. . Surg. Oncol. 2012, 106, 816-819.
[CrossRef]

Dabbagh Kakhki, V.R.; Aliakbarian, H.; Fattahi, A.; Jangjoo, A.; Assadi, M.; Khajeh, M.; Sadeghi, R. Effect of radiotracer injection
volume on the success of sentinel node biopsy in early-stage breast cancer patients. Nucl. Med. Commun. 2013, 34, 660—-663.
[CrossRef]

Bluemel, C.; Herrmann, K.; Giammarile, F.; Nieweg, O.E.; Dubreuil, J.; Testori, A.; Audisio, R.A.; Zoras, O.; Lassmann, M.;
Chakera, A.H.; et al. EANM practice guidelines for lymphoscintigraphy and sentinel lymph node biopsy in melanoma. Eur. J.
Nucl. Med. Mol. Imaging 2015, 42, 1750-1766. [CrossRef]

Kim, D.H,; Kim, Y.; Kim, S.W.; Hwang, S. Usefulness of Sentinel Lymph Node Biopsy for Oral Cancer: A Systematic Review and
Meta-Analysis. Laryngoscope 2021, 131, E459-E465. [CrossRef]

Chung, Y.E,; Hyung, W].; Kweon, S.; Lim, S.-J.; Choi, J.; Lee, M.H.; Kim, H.; Myoung, S.; Lim, ].S. Feasibility of interstitial CT
lymphography using optimized iodized oil emulsion in rats. Investig. Radiol. 2010, 45, 142-148. [CrossRef]

Wan, J.; Oblak, M.L.; Ram, A.S.; McKenna, C.; Singh, A.; Nykamp, S. Evaluating the Feasibility and Efficacy of a Dual-Modality
Nanoparticle Contrast Agent (Nanotrast-CF800) for Image-Guided Sentinel Lymph Node Mapping in the Oral Cavity of Healthy
Dogs. Front. Vet. Sci. 2021, 8, 721003. [CrossRef] [PubMed]

Yang, Y.; Shi, F; Zhou, ].; Shi, X.; Sha, Y.; Wu, H. Short-Term Dynamic Observation of the Color Change and Enhancement Effect
of Polyethylenimine-Entrapped Gold Nanoparticles Used for Indirect Lymphography. ORL ]. Otorhinolaryngol. Relat. Spec. 2016,
78,136-143. [CrossRef] [PubMed]

Shi, F; Yang, Y.; Chen, J.; Sha, Y.; Shu, Y.; Wu, H. Dendrimer-Entrapped Gold Nanoparticles as Potential CT Contrast Agents
for Localizing Sentinel Lymph Node via Indirect CT Lymphography on Rabbit Model. BioMed Res. Int. 2018, 2018, 1230151.
[CrossRef] [PubMed]


http://doi.org/10.1097/RLU.0b013e31828da362
http://www.ncbi.nlm.nih.gov/pubmed/23603595
http://doi.org/10.1002/hed.2880170604
http://www.ncbi.nlm.nih.gov/pubmed/8847205
http://doi.org/10.1159/000077232
http://www.ncbi.nlm.nih.gov/pubmed/15103200
http://doi.org/10.1002/hed.26784
http://doi.org/10.1002/jso.23156
http://doi.org/10.1097/MNM.0b013e3283619d07
http://doi.org/10.1007/s00259-015-3135-1
http://doi.org/10.1002/lary.28728
http://doi.org/10.1097/RLI.0b013e3181c8cf19
http://doi.org/10.3389/fvets.2021.721003
http://www.ncbi.nlm.nih.gov/pubmed/34631851
http://doi.org/10.1159/000446190
http://www.ncbi.nlm.nih.gov/pubmed/27234613
http://doi.org/10.1155/2018/1230151
http://www.ncbi.nlm.nih.gov/pubmed/29850482

	Introduction 
	Materials and Methods 
	Patients 
	Study Design 
	Preparation of Lipiodol® for Peritumoral Injection 
	Scintigraphy and SPECT/CT 
	Evaluation and Analyses 

	Results 
	Sentinel Lymph Node Identification 
	Follow-Up 

	Discussion 
	Conclusions 
	References

