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Sentinel lymph node biopsy (SLNB) is a diagnostic staging procedure. The procedure aims to identify the
first draining lymph node(s), which are most likely to contain metastases. SLNB is applied in various cancers,
but not currently in thyroid carcinoma. However, treatment strategies are changing, making SLNB clinically
relevant. SLNB may lead to more accurate staging, prevent unnecessary treatment and help achieve
earlier curation. 68Ga-tilmanocept PET/computed tomography (CT) can better localize sentinel lymph
nodes (SLNs) near the primary tumor than planar scintigraphy and single-photon emission computed
tomography (SPECT)/CT. This paper describes the rationale and design of a study investigating SLNB using
68Ga-tilmanocept PET/CT and indocyanine-green-99mTc-nanocolloid in ten differentiated and medullary
thyroid carcinoma patients. Localization and number of SLNs, pathology result, optimal scan protocol,
surgical time and surgeon’s experience are examined.

Clinical Trial Registration: 2021-002470-42 (EudraCT).

Plain language summary: Sentinel lymph node biopsy (SLNB) can detect or rule out metastases in lymph
nodes. SLNB is used in various cancers but not in thyroid cancer. However, due to changing treatment
strategies, SLNB might also become valuable in thyroid cancer and lead to more accurate staging,
prevent unnecessary treatment and help achieve earlier curation. 68Ga-tilmanocept PET/CT, a new imaging
modality, can better localize lymph nodes near the primary tumor than previous imaging modalities,
which is essential for SLNB in thyroid carcinoma. This study investigates the feasibility of SLNB in thyroid
carcinoma.
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Differentiated thyroid carcinoma (DTC) derives from the follicular epithelial cells of the thyroid gland and is the
most common (>90%) type of thyroid cancer. DTC has a relatively good prognosis; 10-year survival rates are over
90% [1]. Nevertheless, patients have up to a 40% chance of developing structural recurrent disease. Usually, this
involves cervical lymph node metastases which were not detected at the time of initial treatment. Surgical treatment
consists of hemi- or total thyroidectomy, depending on multiple factors including tumor size and stage. In case of
preoperatively proven metastases, lymph node dissection is also performed [2]. Total thyroidectomy is often followed
by adjuvant therapy using radioactive iodine (RAI), which treats possible (micro)metastases [2,3]. However, because
of side effects of RAI (including nausea, salivary gland damage and lacrimal gland damage) there is a trend to use
less RAI [4]. Studies have shown that in low-risk patients, low-dose RAI is equally effective as high-dose RAI [5–7].
A large randomized trial investigating disease-free survival in low-risk patients that receive RAI versus patients that
do not receive RAI is still ongoing [8]. The authors of these aforementioned studies advocate minimalizing the use
of RAI for low-risk DTC, by decreasing the dose or not treating with RAI at all [5–8].

Medullary thyroid carcinoma (MTC) arises from the parafollicular C-cells of the thyroid gland, unlike the other
forms of thyroid carcinoma. In most patients, MTC occurs sporadically. In the remaining 25–30% of patients
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MTC occurs as part of the hereditary tumor syndrome multiple endocrine neoplasia type 2 [9]. MTC accounts for
4% of all thyroid carcinomas, while it leads to 13% of thyroid cancer related deaths [10]. Ten-year survival rates are
100%, 93%, 71% and 21%, for stage I, II, III and IV, respectively [11]. Surgical resection is the cornerstone of MTC
treatment and adjuvant therapy is of limited value. RAI is not useful in the treatment of MTC and its metastases
because MTC tumor cells, contrary to DTC, do not take up iodine [12]. Treatment with curative intent consists of
total thyroidectomy combined with central neck dissection. The rationale for this is that the majority of thyroid
tumors first metastasize to the central compartment, before spreading any further [11]. However, in 61% of patients,
lymph node metastases cannot be demonstrated in the resected tissue after central neck dissection. This suggests
that these patients underwent unnecessary lymph node dissection, accompanied by risk of complications [13].
Furthermore, in most patients treated with curative intent, levels of the tumor marker calcitonin remain elevated,
indicating that not all active tumor tissue is resected [14,15].

So, for both DTC and MTC patients, care can be improved by creating more personalized treatment plans. To
determine whether a specific patients needs a less or more extensive treatment, accurate staging is essential.

Introduction to the trial
This paper describes the rationale and design of a monocenter, proof-of-concept study, investigating sentinel
lymph node (SLN) biopsy (SLNB) in DTC and MTC using 68Ga-tilmanocept PET with integrated computed
tomography (PET/CT) and indocyanine green (ICG)-99mTc-nanocolloid.

Background & rationale
SLNB is a diagnostic staging procedure which is applied in various cancers, but is not currently used for the
staging of thyroid carcinoma. The aim of the SLNB is to identify the first draining lymph node(s) from the
primary tumor, known as the SLN(s), which are most likely to contain metastases if present. The histopathological
status of the SLN should reflect the histopathological status of the rest of the lymph node level, and proven
metastases justify further lymph node dissection or additional treatment. Contrarily, a negative SLN would reflect
no metastasized disease and justifies less extensive treatment [16]. There are multiple techniques available to perform
SLNB. For preoperative identification, imaging modalities such as lymphoscintigraphy, single-photon emission
computed tomography (SPECT) and PET/CT can be used. Preoperative imaging is very useful, but intraoperative
identification is essential. SLNs can be intraoperatively identified using a collimated gamma probe in combination
with a radiotracer, or visually using dye or fluorescence. Often multiple techniques are combined in one patient.

SLNB, using different techniques, has been investigated in DTC [17–23]. Due to the former standard treatment
with RAI, SLNB has not been considered of added value in DTC. However, in the era of de-escalating treatment, RAI
is being used less and in a lower dose, potentially leaving undiagnosed (micro)metastases untreated. Considering this,
SLNB could be used as a valuable selection tool to decide which patients should receive RAI ablation and in which
patients this can be omitted. In addition, since low-risk DTC is nowadays often treated with hemithyroidectomy
only, positive SLNB could be used as an indication to continue with a total thyroidectomy followed by RAI.

Only a few papers have been published about SLNB in MTC patients [24–26]. For MTC patients, negative
SLNB could give reason to omit the now standard executed central neck dissection, minimalizing unnecessary
complications. A positive SLNB in the lateral compartment could select patients for an additional lateral neck
lymph node dissection, possibly leading to curation. So, SLNB might not only help to more accurately stage thyroid
carcinoma, but also achieve earlier curation and prevent unnecessary complications as well as reoperations.

A short distance between the primary tumor and the draining lymph nodes, which is specifically the case in
thyroid carcinoma, might cause difficulties in identifying the SLNs. Activity from the radiotracer at the peritumoral
injection site produces a large hotspot on conventional gamma cameras or SPECT imaging, overshadowing smaller
hotspots produced by SLNs. This is referred to as the ‘shine-through’ or ‘overshine’ phenomenon. Accordingly,
SLNs may be missed and second echelon lymph nodes may erroneously be considered as SLNs. Therefore, technical
improvements are needed to bring SLNB to a higher level. More precise localization of the SLN(s) may reduce
operating time and risk of vascular or nerve damage, which improves patient safety during surgery. Furthermore,
less extensive exploration will lead to less fibrosis, which hampers a subsequent neck dissection and will presumably
result in a reduction of complications and unintended sacrificed structures in the neck following complementary
neck dissection [27]. Moreover, if the shine-through phenomenon can be limited, the false-negative rate concerning
SLNB will be reduced, which will eventually result in a better oncological outcome in these patients [28].
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A potential solution to this issue regards the use of PET/CT. PET/CT provides 3D information at a higher
spatial resolution, compared with the resolution provided by gamma cameras or SPECT imaging. Consequently,
the use of PET/CT limits the shine-through effect and improves anatomic localization, which is imperative in
the complex anatomy of the neck and its abundant lymph nodes. Moreover, improved visualization of lymphatic
vessels may improve differentiation between first- and second-echelon lymph nodes.

There are multiple modalities available for pre- and intraoperative detection of SLNs. Additionally, multiple
modalities can be combined to verify the identification of an SLN. ICG is US FDA-approved and can be made
visible using a near-IR fluorescence camera [29]. For SLNB in breast cancer, the use of ICG is preferred over blue
dye, due to the better identification rate [30]. On its own, ICG passes easily through lymph nodes due to its
small molecular structure. When linked to 99mTc-nanocolloid, which is also valuable for SLN detection, ICG is
retained in lymph nodes, enabling the use of ICG for SLNB [16]. 99mTc-nanocolloid is the most used radiotracer
for intraoperative SLN detection in Europe [31]. To combine preoperative PET/CT imaging with intraoperative
detection using a 99mTc-tracer and a gamma probe, a PET-tracer with a short half-life is needed. 68-Gallium (68Ga)
is a good candidate considering the short half-life of 68 min and that it can be produced without the use of a
cyclotron [32,33]. Whereas labelling of nanocolloids with 68Ga has experienced some difficulties, 68Ga has been
successfully labelled to tilmanocept in our laboratory. Since tilmanocept has been deliberately designed for SLN
mapping, the characteristics of tilmanocept are specifically suited to the needs of the procedure. Tilmanocept is
cleared rapidly from the injection site, which limits the shine-through effect. Furthermore, it is retained specifically
in SLNs without transport to second-echelon nodes [34,35]. SLN identification using 68Ga-labelled tilmanocept
imaging has been successfully performed in animal models and 68Ga-tilmanocept PET/CT has been used in patient
studies before in our institute [34,36–38].

In this proof-of-concept study, the feasibility of SLNB in thyroid carcinoma will be studied using preoperative
68Ga-tilmanocept PET/CT imaging and intraoperative identification using ICG-99mTc-nanocolloid.

Design
Study design

The trial protocol described here is a monocenter, proof-of-concept study.

Eligibility criteria

A subject must meet all of the following criteria to be eligible for participation in this study:

• The patient has provided written informed consent authorization before participating in the study.
• The patient has a cytologic diagnosis of DTC (Bethesda 6) and will undergo a hemi- or total thyroidectomy, or

a cytologic diagnosis of MTC (Bethesda 6) and will undergo total thyroidectomy.
• The patient is ≥18 years of age at the time of consent.
• The patient has an Eastern Cooperative Oncology Group performance status of grade 0–2

A potential subject will be excluded in case of any of the following criteria:

• The patient is incapacitated.
• The patient is pregnant or lactating.
• The patient has a history of neck dissection, gross injury or radiotherapy to the neck that would preclude

reasonable surgical dissection for this trial.
• The patient will undergo minimally invasive thyroid surgery (via the axilla or trans-oral approach).
• The patient is actively receiving systemic cytotoxic chemotherapy.
• The patient is on immunosuppressive, antimonocyte or immunomodulatory therapy.
• The patient has a preoperatively histologically proven multifocal tumor.

Planned sample size

Since this is a proof-of-concept study, ten patients will be included.
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Marking on the skin of sentinel nodes using hand-held gamma probe

Ultrasound guided peritumoral injection of 0.5 ml 10 MBq 68Ga-tilmanocept and 0.5 ml 120
MBq ICG-99mTc-nanocolloid

68Ga-tilmanocept PET/CT after 15 and 60 minutes

Hemi- or total thyroidectomy (routine care)

Sentinel lymph node biopsy guided by 68Ga-tilmanocept PET/CT images, skin marking, and
detection of ICG-99mTc-nanocolloid using gamma probe and near-infrared fluorescence

camera

On indication: lymph node dissection (routine care)

Additional lymph node dissection of compartments containing sentinel lymph nodes, which
were not resected during routine lymph node dissection
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Figure 1. Flowchart of study procedures.
ICG: Indocyanine green; PET/CT: PET with computed tomography.

Planned study period

Ten adult patients highly suspected of DTC or MTC (Bethesda 6) will be included. Considering the number of
patients undergoing surgery for thyroid carcinoma in the University Medical Center Utrecht, the study is estimated
to last 2 years.

Study procedures

The procedure is identical for DTC and MTC patients. Included patients will pay an extra visit to the hospital the day
prior to the planned surgery for thyroid carcinoma. The patients will undergo multiple (two to eight) consecutive,
ultrasound guided, intra- or peritumoral injections of 0.5 ml (10 MBq) 68Ga-tilmanocept and 0.5 ml (120 MBq)
ICG-99mTc-nanocolloid. The ICG-99mTc-nanocolloid complex is prepared by adding 0.050 ml of a solution of 5
mg/ml ICG in water for injection (0.250 mg ICG) to 1 ml 99mTc-nanocolloid. Approximately 40–60% of the ICG
binds noncovalent to nanocolloid, forming a stable complex. The uptake of 68Ga-tilmanocept and ICG-99mTc-
nanocolloid is not influenced by each another. After injection patients will undergo 68Ga-tilmanocept PET/CT 15
and 60 min after injection. The execution of each 68Ga-tilmanocept PET/CT will take 5 min. The next day, the
approximate location of the SLNs will be preoperatively assessed using a hand-held gamma probe and marked on
the skin. During regular surgery (hemi- or total thyroidectomy, with or without neck dissection), the SLNs will be
surgically removed with the help of the 68Ga-tilmanocept PET/CT images, skin markings, hand-held gamma probe
and fluorescence camera. Hereafter, the corresponding lymph node level will be removed, in order to investigate
whether there are no positive lymph nodes in a level corresponding to a negative sentinel node. Since corresponding
lymph node levels will be removed, independently of pathology results, frozen sections will not be performed. A
detailed flowchart of the performed study procedures is shown in Figure 1.

Outcome measures/end points

To determine the feasibility of SLNB in thyroid carcinoma, the number of SLNs determined on 68Ga-tilmanocept
PET/CT and the number of resected SLNs are considered the primary end points. Secondary end points consist
of the localization of the SLNs, the pathology result of SLNs compared with the pathology result of the rest
of corresponding lymph node levels and the optimal scan protocol. The optimal scan protocol is determined
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by comparing the two 68Ga-tilmanocept PET/CTs to assess which scan is most valuable: the 68Ga-tilmanocept
PET/CT performed after 15 min, after 60 min or whether both scans are of added value in identifying the SLNs.
Other secondary end points are the (additional) surgical time, and a questionnaire directed to the surgeons about
complexity, feasibility and additional value of various identification methods used during the SLNB.

Statistics

Data will be expressed as median with ranges, for continuous variables. Number of cases and percentages will be
represented for categorical variables. Missing data will not be imputed.

Conclusion
Introduction of SLNB in thyroid carcinoma may lead to more accurate staging, prevent unnecessary treatment
and accompanying complications and help achieve (earlier) curation. The new promising imaging modality 68Ga-
tilmanocept PET/CT limits the shine-through effect and can better localize SLNs located near the primary tumor
than previous imaging modalities, which is essential in thyroid carcinoma.

Executive summary

Background & rationale
• Sentinel lymph node (SLN) biopsy (SLNB) is a diagnostic staging procedure, which is applied in various cancers,

but is not currently used in thyroid carcinoma. SLNB aims to identify the first draining lymph nodes (SLNs), which
are most likely to contain metastases, if present. The histopathological status of the SLN should reflect the
histopathological status of the rest of the lymph node level, and presence of metastases justifies more extensive
treatment.

• Detecting SLNs can be challenging; the peritumorally injected radiotracer produces a large hotspot on imaging,
potentially hiding nearby SLNs (shine-through effect). 68Ga-tilmanocept PET/computed tomography (PET/CT), a
new promising imaging modality with high resolution, limits this effect and can better localize SLNs located near
the injection site than previous imaging modalities, which is essential in thyroid carcinoma.

• After surgery, differentiated thyroid carcinoma (DTC) patients often undergo adjuvant therapy using radioactive
iodine (RAI), which treats possible (micro)metastases. Therefore, SLNB has not been of added value in these
patients. However, recent studies emphasize the disadvantages and side effects of RAI, and advocate minimizing
the use of RAI for low-risk DTC by decreasing the dose or not treating with RAI at all. Considering this, SLNB
could be used to select patients for RAI and total thyroidectomy, or hemithyroidectomy alone.

• In case of curative intent, total thyroidectomy with central neck dissection is the treatment for patients with
medullary thyroid carcinoma (MTC). In 61% of patients, lymph node metastases cannot be demonstrated after
central neck dissection, suggesting unnecessary lymph node dissection was performed [13]. A negative SLNB could
give reason to omit the central neck dissection, minimalizing unnecessary complications. A positive SLNB in the
lateral compartment could select patients for an additional lateral neck lymph node dissection, possibly leading
to curation.

Study design
• A monocenter, proof-of-concept study investigating SLNB in ten patients with Bethesda 6 DTC or MTC is

described. During regular surgery (thyroidectomy with/without lymph node dissection), SLNB will be performed
using the 68Ga-tilmanocept PET/CT images, skin marking, fluorescence camera and gamma probe.

Outcomes
• Location and number of detected and resected SLNs, pathology results, optimal scan protocol, surgical time and

surgeon’s experience are examined.
Conclusion
• Introduction of SLNB in thyroid carcinoma may lead to more accurate staging, prevent unnecessary treatment

and help achieve earlier cure.
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