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green-""Tc-nanocolloid with **™Tc-Senti-Scint using sentinel
node lymphoscintigraphy and single-photon emission
computed tomography combined with computer tomography

in melanoma
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Gijs H. KleinJan®*°, Maarten Donswijk®, Renato A. Valdés Olmos®®,
Fijs W.B. van Leeuwen®°, Martin W.M.C. Klop® and Jos A. van der Hage®"

Objective The hybrid tracer indocyanine green (ICG)-
99mTc-nanocolloid has been introduced for sentinel node
imaging. However, until now, a comparison of this tracer
with other radiocolloids with a larger particle size has not
been effectuated. Based on a head-to-head evaluation in
patients with melanoma, we have compared ICG-*°"Tc-
nanocolloid (particle size 5-80nm) with **™Tc-Senti-Scint
(particle size 100-600nm) to establish differences in
drainage pattern and sentinel node localization using
lymphoscintigraphy and single-photon emission computed
tomography combined with computer tomography
(SPECT-CT) in melanoma patients scheduled for sentinel
node biopsy.

Methods Twenty-five patients (mean age: 56.9 years,
range: 25-79years) with a melanoma scheduled for

SLN biopsy prior to (re)excision of the primary lesion
(scar) were prospectively included following a two-day
procedure. The first day, after %°™Tc-Senti-Scint injection
in four intradermal depots around the primary lesion or
scar, early/delayed lymphoscintigraphy and SPECT-CT
images were acquired. The injection sites were marked.
The second day, after assessing lymph node radioactivity
using planar scintigraphy, ICG-**"Tc-nanocolloid was
injected at the previously marked skin points and imaging
was performed. The paired planar and SPECT-CT images
of both tracers were evaluated with respect to drainage
patterns, SLN visualization and non-SLN appearing.

Results Twenty-four out of 25 patients were evaluable.
SLN visualization on a patient basis was 100% for ICG-
99mTc-nanocolloid and 96% for °™Tc-Senti-Scint, whereas
uptake in non-SLNs was found in, respectively, 71%
(17/24) and 61% (14/23). Concordance in drainage to 45

Introduction

A unique aspect of lymphatic mapping procedures is
that they are able to minimally invasively target the
lymphatic drainage pathways of primary tumors. This
procedure helps to accurately identify sentinel lymph
nodes (SLNs) that can harbor micrometastases in
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lymph node basins was 91%. Discordant drainage was
found for two melanomas in the head-and-neck and one
in the clavicular area. Unique lymph node basins were
seen in 44/45 (98%) for ICG-**"Tc-nanocolloid and 42/45
(93%) for °™Tc-Senti-Scint. Concerning identified SLNs,
the number was similar for both tracers (n=58); however,
more non-SLNs (65 vs 50) were visualized with ICG-°"
Te-nanocolloid than with %°™Tc-Senti-Scint.

Conclusion A slightly higher SLN visualization
accompanied by a tendency to depict more non-SLNs was
found for ICG-**"Tc-nanocolloid. Excepting the head and
neck area, an overall high concordance in drainage was
found for both radiotracers. With an additional value for
the hybrid tracer due to the combination of preoperative
imaging and the additional visual signal in the operation
room, added by the fluorescent component of the hybrid
tracer, there was a preference for ICG-**"Tc-nanocolloid.
Nucl Med Commun 41:1010-1017 Copyright © 2020
Wolters Kluwer Health, Inc. All rights reserved.
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node-negative patients following biopsy [1]. While there
are discussions ongoing with regard to the clinical value
of subsequent lymph node dissections in these patients,
there is consensus that identification of early lymphatic
micrometastases holds the prognostic value by increasing
the rate of regional disease control. Furthermore, positive
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node(s) indicates which patients are eligible for adjuvant
treatment with immunotherapy. Extensive lymph node
dissection increases the rate of regional disease con-
trol and provides prognostic information but does not
increase melanoma-specific survival among patients with
melanoma and sentinel-node metastases [2]. Following
the introduction of the approach by Cabanas [3], the
modernization of the sentinel concept by Morton er a/.
[4] led to personalized nodal identification and biopsy
with a minimal chance of side effects in breast cancer
and melanoma care [5,6]. The same approach, comple-
mented by single-photon emission computed tomogra-
phy combined with computer tomography (SPECT-C'T),
has been incorporated for the sentinel node procedure in
head-and-neck surgery [7,8], gynecology [9] and urology
[10,11].

Despite the success of the hybrid tracer indocyanine
green (ICG)-"™Tc-nanocolloid in targeting of the SLNs
[12,13], overflow to higher echelon nodes (non-SLLNs) is
still observed. One reason for this is could be a discrep-
ancy between drainage speed and the volume/quantity
of contrast administered. Such discrepancy occurs, espe-
cially in areas of complex anatomy like the head-and-
neck, parts of the trunk and pelvis [14,15]. Preoperative
imaging based on a combination of sequential scintigra-
phy and SPEC’T-CT allows for an accurate discrimina-
tion of the true SLNs from non-SLNs [16,17]. With the
addition of ICG to *™Tec-nanocolloid, the intraoperative
search of SLLNs in complex anatomic areas has been sim-
plified thanks to the use of a fluorescence camera in com-
bination with gamma-devices [12]. This hybrid approach
with preoperative SLN mapping using lymphoscintigra-
phy and SPEC’T-C'T as a roadmap to identify SLLNs in
the operation room may obviate the application of surro-
gate markers such as the 10% rule [18-20] by surgeons. In
the future, the development of tracers that only accumu-
late in SLLNs would significantly simplify the procedures
by transforming the prevailing imaging paradigm ‘not all
radioactive nodes are sentinel nodes’ to an alternative
one resting on ‘all radioactive lymph nodes are sentinel
nodes’ [21].

It is well known that radiocolloids like ICG-"""™Tc-
nanocolloid with a particle size varying from 5 to 80 nm
have an enhanced SLN specificity compared to small
molecule dyes (e.g., patent blue diameter +1nm) and
dyes such as ICG that interact with native human serum
albumin (+7nm) [22,23]. On the other hand, because
lymphatic distribution and nodal filtration are influenced
by particle size, there is a tendency to reduce the num-
ber of non-SLLNs by using radiocolloids with a larger size
[24]. This rationale has provided the basis for the devel-
opment of radiocolloids with a larger particle size such as
9mTe-Senti-Scint (diameter 100-600 nm). However, until
now, it has not been documented if in fact radiocolloids
with a larger particle size yield superior performance.

Given all the above-mentioned variables that can influ-
ence lymphatic flow of a radiocolloid, in analogy to the
setup previously used to validate the similarity of lym-
phatic drainage for *™Tc-nanocolloid and ICG-"""Tc-
nanocolloid [25], we have now compared the differences
in drainage patterns of *™Tc-Senti-Scint and ICG-"""Tc-
nanocolloid. We decided to perform this comparison on
the basis of a head-to-head evaluation using lymphoscin-
tigraphy and SPECT-CT in melanoma patients sched-
uled for SN biopsy. Furthermore, we studied whether
the increased particle size could reduce the amount of
non-SLNs, while preserving the SN identification

Material and methods

Patient demographics

The trial was initially registered as the prospective study
N13ICG ("™ Te-Senti-Scint vs ICG-""™Tc-nanocolloid
for sentinel node biopsy of malignant melanoma of the
trunk, of an extremity or in the head and neck) at the
Netherlands Cancer Institute —Antoni van LLeeuwenhoek
Hospital. Following the approval of the protocol review
board of the institution, the study was activated on 16
June 2014 as the trial NL4568 in the Netherlands Trial
Register, and closed on 30 November 2017.

Twenty-five patients (mean age: 56.9years, range: 25—
79years) with a melanoma scheduled for SLN biopsy
prior to (re)excision of the primary lesion (scar) were
prospectively included after informed consent. One
patient with a nose melanoma was excluded since the
SPECT-CT data were not completed, meaning twen-
ty-four patients were evaluated. The localization of the
primary lesion was as follows: head-and-neck region
(2=75), the trunk (#z=11) and extremities (7 =8).

Methods

Imaging procedure

All patients followed a two-day procedure. On the first
day, 90MBq (£10%; 2.43mCi) M Te-Senti-Scint was
injected in four intradermal depots around the primary
lesion or scar. Injection points were marked on skin with
indelible ink to facilitate reproducibility in the admin-
istration of the second tracer. Lymphatic drainage was
mapped using dynamic lymphoscintigraphy (0-10 min),
static lymphoscintigraphy (15 min and 2h postinjection)
and SPEC'T-C'T (2 h postinjection). The second day, after
planar images to control resting lymph node radioactiv-
ity, 90MBq (£10%; 2.43 mCi) ICG-"""Tc-nanocolloid was
injected and similar images were acquired. The paired
planar and SPECT-CT images of both tracers were evalu-
ated with respect to drainage to lymph node basins, SLN
visualization and non-SLLN uptake. Both lymphoscin-
tigraphy and SPECT-C'T" were acquired using a hybrid
system (Symbia T6, Siemens, Erlangen, Germany). The
flowchart of the study setup is presented in more detail
in Fig. 1.

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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Fig. 1
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Flowchart of the study design. The first day, four intradermal depots **™Tc-Senti-Scint ware injected around the primary lesion or scar after marking
the skin points. Early and delayed planar lymphoscintigraphy and SPECT-CT were acquired. The second day, after planar images to control resting
lymph node radioactivity, ICG-"*"Tc-nanocolloid was injected at the previously marked skin points. The same image acquisitions were acquired for

both tracers and reviewed by two experienced nuclear medicine physicians.

Comparison imaging findings indocyanine green-*>"TC-
nanocolloid and **™Tc-Senti-Scint and scoring

The derived early, delayed planar and SPECT-C'T data
of both the tracers were reviewed by two experienced
nuclear medicine physicians. The number of drainage
basins, numbers of SLLNs, non-SLLNs and their anatom-
ical localization were scored. The first lymph node on
which a tumor drains is considered to be the sentinel
node. The early, delayed planar and SPECT-C'T images
of both tracers were compared to each other and scored
on concordant or discordant findings.

Surgical guidance

Planar images were used to mark the location of identi-
fied SLLNs on the skin, while SPECT-CT images were
used to indicate the anatomical SLLN location in relation
to muscles and vessels in the draining lymph node basin.
Figure 1 shows the flowchart of the study. For the intra-
operative procedure, only the findings of the ICG-"""Tc-
nanocolloid study were used. Following gamma-probe
(Neoprobe, Johnson&Johnson Medical, Hamburg,
Germany) localization at the indicated SLN site, SLLNs
were further prepared and removed under guidance of
a fluorescent camera (PhotoDynamic Eye, Hamamatsu
Photonics, Hamamatsu, Japan) as previously described

[12].

Results

The SLLN visualization rate on a patient basis was 100%
for ICG-"""Tc-nanocolloid and 96% for ™ Tc-Senti-Scint
due to nonvisualization in one patient in the latter group.
Drainage to 45 unique lymph node basins was seen
with a concordant rate of 91% between both the tracers.
Uptake in non-SLNs was found in, respectively, 71%
(17/24) and 61% (14/23) of patients (Table 1 and Fig. 2).

The concordance of drainage basins was 100% for mela-
nomas located in extremities.

Discordant findings were mainly seen in the head-and-
neck area, whereas two out of five patients showed dis-
crepancy between the images of both tracers (Fig. 3). In
one patient with a midline nose melanoma, the images
showed bilateral neck drainage with tracer concordance
for the right side but discordant findings on the left side
with an extra submandibular sentinel lymph node visu-
alized only with *™Tc-Senti-Scint (Fig. 4). In the other
case, a patient with a melanoma of the skin (parietotem-
poral region), the images of both tracers showed a lymph
node in region 2 of the neck, with an additional lymph
node (in the parotic area) between the injection site and
the previously mentioned concordant SN only seen on
the ICG-"™Ttc-nanocolloid (Fig. 5).

Moreover, the only patient with a nonconcordant study in
the trunk was a patient with a melanoma in the clavicular
arca (Fig. 6), which is an area adjacent to the neck also
characterized by a high degree of unpredictable drain-
age. In the three patients where discordance was seen
between the two radiotracers, the pathologic examination
did not reveal any micro- or macrometastasis.

Discussion

In this study, two different radiocolloids for SLLN imaging
were compared to document lymphatic drainage in rela-
tion to particle size in a head-to-head designed approach
in patients with melanoma scheduled for SLLN biopsy.
Related to lymph node basin, an overall 91% drainage
concordance was found. The concordance of drainage
basins was 100% for melanomas located in extremities.

The sentinel node visualization rate was 100% for ICG-
9mTe-nanocolloid and 96% for *™Tc-Senti-Scint with

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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Table 1 Schematic overview of the results of the 24 which could be evaluatedPatient (gender, age)

Basin(s) (number) SN(s) (number) Non-SN

Primary lesion site **™Tc-Senti-Scint ICG-**"Tc-nanocolloid ?*™Tc-Senti-Scint ICG-**"Tc-nanocolloid #*™Tc-Senti-Scint ICG-**"Tc-nanocolloid

Head and neck

1 (M, 68years) Cheek 2 2 2 2 - —
2 (F, 42years) Parietotemporal 1 2 1 2 - -
3 (F, 57 years) Occipital 3 3 3 3 + +
4 (M, 72years) Nose 3 3 3 3 + +
5 (M, 55years) Nose 3 2 5 4 — -
Extrimities
1 (F, 79years) Hand 2 2 4 4 + +
2 (F, 35years) Upper leg 1 1 1 1 + +
3 (F, 51years) Upper arm 1 1 1 1 + +
4 (F, 51years) Upper leg 1 1 1 1 + +
5 (M, 64 years) Lower leg 1 1 1 1 + +
6 (M, 58years) Upper leg 1 1 2 2 + +
7 (M, 68years) Upper leg 1 1 2 2 + +
8 (M, 54 years) Upper leg 1 1 2 2 + +
Trunk
1 (F, 58years) Shoulder 1 1 2 2 — —
2 (F, 36years) Back 1 1 1 1 — +
3(M, 74 years) Back 2 2 2 2 — +
4 (M, 67years) Upper back 4 4 4 4 - -
5 (M, 50years) Back 2 2 3 3 + +
6 (M, 66years) Upper back 4 4 4 4 — —
7 (M, 68years) Upper back 1 1 1 1 + +
8 (M, 55years) Upper back 3 3 6 6 + +
9 (F, 56 years) Trunk 2 2 2 2 - -
10 (M, 25years) Gluteal 1 1 1 1 + +
11 (M, 47 years) Clavicular area 0 2 0 2 — +
N=24 patients N=42 basins N=44 basins N=54 SN 24/24=100% 14/23=61% 17/24=71%
Mean age=56years 42/45=93% 44/45=98% 23/24=96% N=586 sentinel node
Range=25-79years -HN=12 -HN=12 -HN=14 -HN=14
-Ext=9 -Ext=9 -Ext=14 -Ext=14

-Trunk=21 -Trunk=23 -Trunk=26 -Trunk=28
Ext, extrimities; F, female; HN, head and neck; ICG, indocyanine green; M, male; +, Non-SN present; -, Non-SN absent.
Fig. 2

25 patients included
24 patients evaluable (nospecr-cTn=1)
ICG-2*"T¢-nanocolloid 99mTc-SentiScint

23124

. «EEE» 0.
Drainage basins @
44/45 42/45

Schematic overview of the results. Of the 25 patients which were included, 24 patients could be evaluated. SLN visualization rate on a patient
basis was 100% for ICG-**"Tc-nanocolloid and 96% for **™Tc-Senti-Scint due to one nonvisualization. Concerning the overall number of SLNs
identified, this was 56 with ICG-?*"Tc-nanocolloid and 54 (96%) with **™Tc-Senti-Scint. Uptake in non-SLNs was found in, respectively, 71 and
619% of the patients. Drainage to 45 unique lymph node basins was seen with a concordant rate of 91%. ICG, indocyanine green; SLN, sentinel
lymph node.
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Fig. 3
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On the left, lymphatic drainage concordance rate between ICG-°*"Tc-Nanocolloid and ?*™Tc-Senti-Scint related to the primary melanoma location
varying from 100% for extremities to 60% for head/neck. Discordant findings were seen in two out of five patients with melanomas in the head
and neck area. In one patient, there was a nonvisualization in a Senti-Scint patient in trunk melanoma (clavicular region). On the right, SPECT-
CT-based examples of concordance for melanomas of the midline of the neck showing drainage to three cervical lymph node stations and the
right axilla (upper row), left medial upper back with drainage to sentinel nodes in the left scapular area and left axilla (middle row) and lateral right
upper leg with drainage to an inguinal sentinel node and an iliac second-tier node on the right (lower row). ICG, indocyanine green; SPECT-CT,
single-photon emission computed tomography combined with computer tomography.

slightly higher non-SLNs for ICG-"™Tc-nanocolloid
group. Based on these findings and the high overall
concordance rate, it is possible to conclude that in mel-
anoma in areas with predictable lymphatic drainage,
like the extremities and part of the trunk, the particle
size of radiotracers for SLLN imaging does not play a crit-
ical role. However, in complex anatomical regions with
multidirectional lymphatic drainage, like head-and-neck
area and the upper part of the trunk, SLN imaging using
larger colloid particles tends to reduce the detection
accuracy. Apparently, here, the increased size impairs
the drainage, meaning it is not able to optimally cover
all lymph node basins draining from the primary mela-
noma [14]. The discordance appears to increase with a
favor for ICG-"""Tc-nanocolloid. The 100% concordance
observed in a previous head-to-head evaluation of ICG-
9mTe-nanocolloid with *™Te-nanocolloid (25 patients
including head-and-neck melanoma) [25] underlines that
particle size does influence drainage as observed in the
present study. The current data seem to indicate a larger

particle size can mean SLNs can be missed in areas of
more complex lymphatic drainage, which would result
in false negatives of the SLN procedure. This conclu-
sion should, however, be confirmed in a larger series of
patients.

Alternative to the use of radiocolloids with a larger parti-
cle size, it has been proposed to use radiotracers that have
an affinity for CD206 receptors expressed on the surface
of macrophages and dendritic cells in lymph nodes and
expressed along lymphatic ducts [26]. *™Tec-Tilmano-
cept with a particle size of +7nm is a dextran particle
containing mannosyl units [27]. A trial similar to the one
performed in the present study comparing this new gen-
eration tracer with the standard radiocolloids for sentinel
node work is necessary.

The quest for improvement of SLLN targeting with new
radiocolloids, simply stated, aims to simplify the role of
nuclear medicine imaging in the SLLN procedures. While
one can argue whether this is desirable or not, there is

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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Fig. 4

-
ICG-*"Tc-Nanocolloid

Volume rendered (top) and transaxial (below) SPECT-CT of a patient with a midline nose melanoma showing bilateral neck drainage with tracer

concordance for the right side but discordant findings in the left side with a submandibular sentinel lymph node visualized only with **™Tc-Senti-
Scint (dotted circles). There is some lymph duct visualization lateral from the ICG-**"Tc-nanocolloid injection nasal site. ICG, indocyanine green;
SPECT-CT, single-photon emission computed tomography combined with computer tomography.

Fig. 5

2
4t

ICG-#e"Tc-Nanocolloid % %mTc-SentiScint

Volume rendered image of a patient with a melanoma of the skin (parietotemporal region). On both images a lymph node is seen region 2 of the
neck. The left image (nanocolloid) also shows an SLN between the injection site and the concordant SLN, an SLN in the parotic area. SLN, senti-
nel lymph node.

a tendency among some surgeons to perform the proce-  lymphoscintigraphy and SPECT-C'T remains today the
dure without the involvement of nuclear medicine. The only imaging modality providing an effective roadmap
current data suggest that preoperative mapping using  able to personalize lymphatic imaging. At the up side,
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Fig. 6

N y

ICG-#nTe-Nanocolloid

Volume rendered (top) and transaxial (below) SPECT-CT of a patient with a melanoma in the left subclavicular area showing (on the left) drainage
to sentinel lymph nodes in the left periclavicular and axillar area on the study performed with ICG-2*"Tc-nanocolloid. By contrast (on the right),

no migration of **™Tc-Senti-Scint from the injection site to the above-mentioned nodes (dotted circles) is observed. ICG, indocyanine green;
SPECT-CT, single-photon emission computed tomography combined with computer tomography.

the inclusion of fluorescence guidance via ICG-"""Tc-
nanocolloid makes surgeons prefer use of this tracer (in
combination with SPECT-CT) in areas of complex drain-
age [12]. Hence, it seems that future tracer developments
for lymphatic mapping should also aim to address the
desire for integrated fluorescence imaging capabilities.

Conclusion

The hybrid tracer ICG-"""Tc-nanocolloid showed a high
concordance in lymphatic mapping in comparison to a
tracer with significant larger particle size like *™Tc-Sen-
ti-Scint. Discordant findings were exclusively seen in a
minority of patients with complex multidirectional lym-
phatic drainage, like head and neck, where the hybrid
tracer can be of an added value. The slightly higher sen-
tinel node visualization found for ICG-""Tc-nanocolloid
was accompanied by depiction of more non-SLNs in
some patients. However, the combination of preoper-
ative imaging with the hybrid intraoperative approach
adding the fluorescent component to the procedure can
help surgeons to effectively identify sentinel nodes at the
operation room.
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