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Mohammed Kashani-Sabet, MD2, Jonathan S. Zager, MD, FACS4,†, and
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

Abstract

Background: Technetium-99m-labeled Tilmanocept, a multivalent mannose, is readily internalized by the CD206 surface
receptor on macrophages and dendritic cells which are abundantly present in lymph nodes. We want to examine the drainage
patterns of Technetium-99m-labeled Tilmanocept to sentinel lymph nodes (SLNs) in melanoma patients following the 10% rule.

Methods: Multi-center retrospective review of patients with cutaneous melanoma undergoing SLN biopsy using Technetium-
99m-labeled Tilmanocept between 2008 and 2014 was conducted. Statistical methods were used for data analyses.

Results:Of the 564 patients (mean age of 60.3 and 62% male) with preoperative lymphoscintigraphy showing at least one SLN,
several primary tumor sites were included: 27% head/neck, 33% trunk, 21% upper extremity and 19% lower extremity. For the
head/neck primary site, 36.5% of patients had multiple draining basins; for the trunk site, 36.4% of patients; for the upper
extremity site, 13% of patients; and for the lower extremity, 27.4% of patients. A median of 3 (range 1-18) SLNs were identified
and resected. Overall, 78% of patients had >1 SLN identified by Technetium-99m-labeled Tilmanocept. In a multivariate model,
patients with >1 SLN were significantly associated with age, Breslow depth, tumor location and higher AJCC tumor stage. A
total of 17.7% of patients (100/564) had a positive SLN identified. A total of 145 positive SLNs were identified out of 1,812 SLNs
with a positive SLN rate of 8%. Positive SLN status was significantly associated with younger age, greater Breslow depth, mitosis
rate, higher AJCC tumor stage, presence of ulceration and angiolymphatic invasion.
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Conclusions: Using the 10% rule, Technetium-99m-labeled Tilmanocept detects multiple SLNs in most melanoma patients.
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Highlights

What do we already know about this topic?

It is well known that melanoma occurs in different parts of
the body and via lymphatic spread drains to different re-
gional nodal basins. Therefore, lymphoscintigraphy is a
prerequisite to identify the appropriate nodal basins at risk
for metastatic disease. Technetium sulfur colloid has been
traditionally used as a radiotracer to identify melanoma
SLNs. Recently, Tilmanocept has been approved by the
FDA as a radiotracer used to detect SLNs in melanoma,
breast cancer and head and neck cancer based on evidence
obtained from multicenter clinical trials. Based on the lit-
erature, the average number of melanoma SLN in each
regional nodal basin is about 3. We hypothesized that
technetium-99m-labeled Tilmanocept would confirm sim-
ilar drainage and uptake patterns as historical agents used.

How does your research contribute to the Cancer
Control field?

Technetium-99m-labeled Tilmanocept, a multivalent man-
nose, has been shown to be readily internalized by the CD206
surface receptor on macrophages and dendritic cells in lymph
nodes. As a radiotracer when injected dermally around the
melanoma primary biopsy site, it has been shown to identify
the SLN in the regional nodal basin. Taking advantage of the 2
large melanoma centers at California PacificMedical Center in
San Francisco andMoffitt Cancer Center in Tampa, we want to
study the drainage patterns of primary melanoma using the
agent technetium-99m-labeled Tilmanocept.

In this multi-center retrospective investigation of 564 pa-
tients with cutaneous melanoma, SLN biopsy was performed
using technetium-99m-labeled Tilmanocept, The goal of this
study was to identify SLNs in melanoma patients using
technetium-99m-labeled Tilmanocept. Using the 10% rule, we
have demonstrated that multiple SLNs exist in the majority of
melanoma patients. Moreover, in this cohort of patients, we
have found that >1 SLN being removed is significantly as-
sociated with age, Breslow depth, tumor location and higher
AJCC tumor stage. We feel that the potential for increased
false negative SLN biopsy could result from just removing the
“hottest” SLN. This study has established the fact that mel-
anoma SLNs are multiple in the majority of the cases.

What are your research’s implications towards theory,
practice, or policy

Technetium-99m-labeled Tilmanocept appears to be a reliable
radiotracer to identify melanoma SLN. Preoperative lympho-
scintigraphy is mandatory to identify lymphatic drainage from
primary melanoma. Intraoperative identification of SLNs with
technetium-99m-labeled Tilmanocept was accomplished by a
gamma probe. For those patients with a positive SLN biopsy,
adjuvant therapy including targeted therapy or check point
inhibition immunotherapy may be instituted to achieve a better
survival outcome.

Introduction

In the early 1990s, Morton introduced the concept of SLN
detection in an effort to accurately stage nodal basins down-
stream ofmelanoma1,2 while mitigating potential complications
associated with complete lymphadenectomy.3-5 Since that time,
minimally invasive SLN biopsy has become widely adopted in
the management of melanoma6 and breast cancer7 being as-
sociated with accurate prognostic information.6-10

Melanoma accounts for less than one percent of all der-
matological cancer diagnoses in the United States but causes
the vast majority of skin cancer deaths.11,12 The single most
important determinant of patient survival in early-stage
melanoma is nodal status.13,14 Therefore, SLN biopsy has
become an essential component of staging the nodal basin for
melanoma patients.

Several methods have been used to identify the SLN in
melanoma patients. Localization of SLN is achieved by
injection of tracer agents into the dermis surrounding the
primary skin lesion. The tracers are taken up by lymphatic
vessels and concentrated in regional lymph nodes down-
stream, akin to the lymphatic spread of tumor cells. Vital
blue dyes, such as isosulfan blue, provide a visual roadmap
for the surgeon intraoperatively.2 However, it has a one
percent associated risk of causing anaphylaxis15 and, when
used alone, extensive soft tissue dissections are often
needed to locate the relevant nodes within the nodal basin.
The introduction of radiocolloid allows surgeons to perform
preoperative lymphoscintigraphy to help guide surgical
planning.16,17 Moreover, it enables surgeons to employ
intraoperative handheld gamma probe with or without an
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intraoperative portable gamma camera to locate lymph
nodes with precision.18-20

Earlier studies have shown that although radiocolloid tracers
alone have an excellent rate of detecting SLNs, a combination
with vital blue dye may increase the detection rate slightly.21-23

While vital blue dye and radiocolloid tracers are highly effective
in locating the regional lymph nodes, when multiple SLNs are
identified such tracers cannot discriminate whether the primary
lesion has drained first to a single SLN and then continued to
travel downstream to additional nodes, so called second-echelon
nodes (single channel, multiple nodes) or whether the primary
site drained to several nodes independently (parallel channels,
multiple nodes). (Figure 1)

99m-labeled Tilmanocept is a multivalent mannose-containing
radiopharmaceutical designed for SLN detection.24 The
mannose moieties serve as ligands for the CD206 receptor
expressed on the surface of nodal macrophages and den-
dritic cells. Once injected around the primary tumor, the
Technetium-99m-labeled Tilmanocept enters the lym-
phatics and travels to the SLN. The radioactive ligand and
the mannose-CD206 receptor are internalized into the
macrophages and dendritic cells resulting in SLN radio-
activity. This biological process is thought to impede transit
of Technetium-99m-labeled Tilmanocept to downstream
second-echelon nodes.24-32 When Technetium-99m-labeled
Tilmanocept is internalized to a SLN, it is assumed that
Tilmanocept will remain within these cells. However, it
cannot be ruled out that the radiotracer does not leak out of
the cell and migrate to other adjacent lymph nodes. Isolated
cases of comparing immediate and delayed (less than
24 hours) imaging suggested that Technetium-99m-labeled
Tilmanocept did not go to the second echelon lymph
node.32 In a group of 617 node-negative breast cancer

patients undergoing SLN biopsy, 550 patients were injected
with Technetium-99m-labeled Tilmanocept on day 1 and 67
patients were injected on day 2, the authors have found no
significance in the number of removed SLNs between the
“one-day” vs “two-day” groups of patients.33

We sought to capitalize on the biological properties of this
novel tracer to delineate the patterns of melanoma lymphatic
drainage more precisely to SLNs in a large number of patients
from 2 large melanoma centers with the application of 10%
rule34. To determine the number of SLNs in patients with cu-
taneous melanoma, we characterized a multicenter cohort of
patients who had undergone melanoma surgery with SLN de-
tection by Technetium-99m-labeled Tilmanocept. We believe
that this is the largest number of melanoma patients undergoing
SLN biopsy with Technetium-99m-labeled Tilmanocept and,
therefore, the SLN identification data may represent a reliable
pattern of melanoma SLN identification by Technetium-99m-
labeled Tilmanocept.

It has been acknowledged in the literature that melanoma
SLNs are often multiple.34 One study has reported that the
average number of melanoma SLNs is 2.28 (range 1-6).35

Therefore, our hypothesis is that melanoma SLNs are multi-
ple. Taking advantage of the property of Technetium-99m-
labeled Tilmanocept as mentioned above and with a large
multicenter database using Technetium-99m-labeled Tilmano-
cept as the radiotracer, we sought to identify the drainage of
primarymelanoma to the SLNs and verify the fact that melanoma
SLNs are mostly multiple.

Methods

A retrospective study was conducted with a continuous
cohort of patients with cutaneous melanoma who had

Figure 1. Cutaneous melanoma lymphatic drainage. Graphical depiction of hypothetical lymphatic drainage patterns from cutaneous
melanoma to downstream lymph nodes. (A) Primary lesion drains first to a single SLN and then to additional nodes downstream (single
channel, multiple nodes). (B, C) Cutaneous melanoma drains to several nodes through independent pathways (parallel channels, multiple
nodes).
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undergone SLN biopsy with Technetium-99m-labeled
Tilmanocept at the California Pacific Medical Center
(San Francisco, CA) and Moffitt Cancer Center (Tampa,
FL) between January 2008 and August 2014. No patients
were excluded. Demographic information, tumor site, tu-
mor characteristics and lymph node characteristics were
collected. This study was approved by the institutional
review boards at both participating centers that this was a
retrospective review of the existing patient data in each
institution with the IRB allowing -no additional oral or
written consents from individual patients. The data from
each institution was encrypted according to the HIPAA
regulations and analyzed by a statistician in its encrypted
format.

Technetium-99m-labeled Tilmanocept was used for SLN
biopsy in a standardizedmanner. Patients received afixed dose of
50 μg of [99mTc] Tilmanocept (∼2.7 nmol) with a varying
amount of radioactivity. It was administered by intradermal
injection to the area surrounding the primary cutaneous mela-
noma. Same day surgery patients received .6 mCi of 99 mTc,
while next day surgery patients received 2.0 mCi (timing of
injection was at the surgeon’s discretion). Preoperative lym-
phoscintigraphy was performed for each patient to identify the
location of SLNs. Intraoperatively, a handheld gamma probe was
used to locate the relevant SLNs. A SLNwas defined as any node
that exceeds the background count plus three times the standard
deviation of the background (“3-sigma rule”)36 or whose ra-
dioactivity exceeds 10% of the most radioactive node identified
(“10% rule”).34,37 Blue dye injection was as the discretion of the
surgeon. Comparison between blue dye and Technetium-99m-
labeled Tilmanocept identification of SLN was discussed in a
previously published study.23 In this study, analysis was per-
formed only in the Technetium-99m-labeled Tilmanocept-
identified SLNs. Histological evaluation of SLNs has been
published previously in detail.20

Continuous variables were summarized with mean, median
and range, and categorical variables using frequencies and
percentages. Univariate analyses examining the relationship
between tumor characteristics and SLN biopsy status were
performed using t-tests, Chi-square tests and Fisher’s exact tests.
Amultivariate logistic regressionmodel was developed to further
assess characteristics independently associated with having a
single vs multiple SLNs. All tumor characteristics (except Clark
level) were included initially; variables that did not reach a
significance of P < .1 were removed sequentially. All statistical
analyses were conducted using STATA version 13 (StataCorp,
College Station, TX).

Results

A total of 564 patients with cutaneous melanoma who un-
derwent Technetium-99m-labeled Tilmanocept-mediated
SLN biopsy during the study period were identified. A

patient example is illustrated in Figure 2. All the patients in
this study were Caucasian. Mean cohort age was 60.3 ±
16.5 years and 62% of patients were male. Median follow-up
duration was 16 (interquartile range 6-29) months. Primary
tumor sites included head/neck (151, 27%), trunk (188, 33%),
lower extremity (105, 19%) and upper extremity (119, 21%).
Melanoma from each anatomical site demonstrated occasional
drainage to multiple nodal basins as shown in Table 1. More
multiple drainage basins are seen in head/neck and trunk
melanomas than the upper and lower extremity. In the head/
neck, additional drainage may include contralateral neck,
parotid and supraclavicular basins. In the trunk, additional
drainage may include in-transit, contralateral axillary, con-
tralateral inguinal and pelvic basins. In the upper extremity,
additional drainage may include in-transit, epitrochlear and
supraclavicular basins. In the lower extremity, additional
drainage may include in-transit, popliteal and pelvic basins.
Detailed drainage from each melanoma site will not be in-
cluded in this study.

Patients were found to have a median of 3 (range 1-18)
SLNs identified and excised for pathological assessment.
Overall, 78% of patients (440) had more than 1 SLN identified
by Technetium-99m-labeled Tilmanocept. The distribution of
SLNs harvested in the patient cohort is depicted in Figure 3.

Patient and tumor characteristics were compared based
on SLN status (positive vs negative) (Table 2). A total of
17.7% of patients (100/564) had a positive SLN identified.
A total of 145 positive SLNs were identified out of 1812.
Thus, Technetium-99m-labeled Tilmanocept-identified
SLNs with a positive rate of 8.0%. More specifically,
among the 100 patients in this study with positive SLNs, the
145 positive SLNs were identified out of 349 Technetium-
99m-labeled Tilmanocept-identified SLNs (41.5%). Pa-
tients with positive SLNs were younger (mean age 56.7 as
compared to 61.1, P = .013) and Breslow tumor depth
varied significantly with SLN status (P < .0001). Increasing
Breslow depth was associated with increasing SLN posi-
tivity (Table 2). In addition, mitotic rate (P = .002) as well as
AJCC tumor stage (P < .0001) varied significantly between
those patients with positive vs negative SLNs. Furthermore,
patients with a positive SLN biopsy were significantly more
likely to have ulcerated primary tumors (P < .0001) and
angiolymphatic invasion (P = .0002). No significant dif-
ference in SLN status was noted based on primary tumor
site (P = .54) or Clark’s level (P = .1).

Additionally, patients with 1 SLN vs >1 SLN were
compared (Table 3). Patients with 1 vs >1 SLN was sig-
nificantly different by primary tumor site (P < .0001). Pa-
tients with head/neck melanomas were the least likely to
have >1 SLN identified (58%) compared to greater than 80%
of patients with melanomas elsewhere. Patients with >1 SLN
were younger (mean age 59.2 as compared to 64.4, P =
.0018), had a higher pathologic American Joint Committee
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Figure 2. Preoperative lymphoscintigraphy: Patient illustration. Patient is a 32-year-old Caucasian who presented with an irregular mole on
the upper midline back at T6/T7. On 05/28/2013, biopsy revealed .6-mm thick melanoma, Clark level II, non-ulcerated with one mitosis per
square millimeter. Subsequently, the patient underwent a wide local re-excision followed by SLN mapping with Technetium-99m-labeled
Tilmanocept and selective SLN biopsy. Preoperatively, four intradermal injections of Technetium-99m-labeled Tilmanocept were performed
surrounding the primary site on the back. Standard preoperative planar SLN lymphoscintigraphy revealed expected intense activity at the
injection site with multiple visualized channels extending bilaterally to the axillae (A, posterior; B, anterior, flow images). SPECT was
performed with low-dose CT for attenuation correction of the SPECT data and anatomic correlation (C, axial SPECT/CT; D, coronal
volumetric SPECT/CT). Preoperative mapping demonstrated one and two foci of radiotracer accumulation in the left and right axilla,
respectively. Intraoperatively, three and four SLNs were biopsied from the left and right axilla, respectively. On pathological assessment, a
single left-sided axillary lymph node was positive for a subcapsular deposit of metastatic melanoma measuring at least .3-mm in diameter (E-F,
representative 20x images of anti-Melan A and anti-S100 immunohistochemical stains of the subcapsular micrometastasis, respectively).

Balkin et al. 5



on Cancer (AJCC) tumor stage (P < .0001) and a higher
Clark level (P = .015) and Breslow tumor depth (P = .003).
No significant differences were noted with respect to mi-
crosatellite lesion, mitosis rate, presence of ulceration, or
lymphatic or vascular invasion. Subsequently, a multivariate
logistic regression model was developed to assess factors
that remained significantly associated with >1 SLN vs 1
SLN. In the initial model, all tumor characteristics excluding
Clark level were included, and variables failing to reach a
significance of P < .1 were removed. In the final model, age
and tumor location remained independently associated with
>1 SLN. Compared to patients with head/neck melanomas,
those with lesions elsewhere were significantly more likely to
have >1 SLN: trunk (OR 1.68, 95% CI 1.41-2.01; P < .0001);
upper extremity (OR 5.06, 95% CI 2.70-9.50; P < .0001);
and lower extremity (OR 1.71, 95% CI 1.28-2.28; P = .0003).

Discussion

In cutaneous melanoma, SLN biopsy has proven highly ac-
curate in the identification of patients who may benefit from
early lymphadenectomy and/or adjuvant therapy. Patients with
a negative SLN biopsy will be spared a lymph node dissection,
thus, avoiding potential major lifelong complications such as
lymphedema.

As described in the Introduction, [99 mTc] Tilmanocept is a
unique multivalent mannose-containing radiopharmaceutical
designed for SLN detection with its mannose ligands bound to
the CD206 receptor on the surface of nodal macrophages and
dendritic cells to be internalized, which is thought to prevent
the transit of Technetium-99m-labeled Tilmanocept to second-
echelon nodes.24-32 As noted earlier in the Introduction,
Unkart et al have found no significance in the number of

Figure 3. Distribution of Number of Sentinel Nodes Harvested (Top) Number of SLN3 harvested (x-axis) plotted alongside frequency of
patients (y-axis) in the studied population; (Bottom) Tabular format of data.

Table 1. Multiple Nodal Basins from Melanoma of Different Anatomical Sites.a.

Anatomical Site Total
Number with Multiple

Basins
Total with 2

Basins
Total with 3

Basins
Total with 4

Basins
Total with 5

Basins
% with Multiple

Basins

Head/Neck 158 58 47 11 0 0 36.7
Trunk 188 68 53 14 0 1 36.1
Upper

extremity
92 12 11 1 0 0 13.0

Lower
extremity

95 26 20 3 3 0 27.4

aThe anatomical sites are from the patients from California Pacific Medical Center only.
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removed SLNs between the “one-day” vs “two-day” groups of
patients in a cohort of 617 node-negative breast cancer patients
undergoing SLN biopsy.33

Prior to the use of Technetium-99m-labeled Tilmanocept
filtered Technetium-99m sulfur colloid has been exten-
sively used to identify sentinel lymph nodes. It is difficult to
compare Technetium-99m-labeled Tilmanocept and sulfur
colloid simultaneously as when these two radiotracers are
injected at the same time, it is not possible to determine
which sentinel lymph node contains Technetium-99m-
labeled Tilmanocept vs sulfur colloid. However, compar-
ison has been made between groups with Technetium-99m

sulfur colloid vs Technetium-99m-labeled Tilmanocept.
Previous reports from the University of California San
Deigo showed that in breast cancer SLN identification
Technetium-99m-labeled Tilmanocept demonstrated more
rapid injection site clearance times, lower mean number of
SLNs found and an increased concordance of SLNs than
Technetium-99m sulfur colloid.38 The authors from the
University of California San Diego have found that
Technetium-99m sulfur colloid injection resulted in more
pain during the first 3 minute postinjection period as
compared to Technetium-99m-labeled Tilmanocept injec-
tion. However, a subsequent study from the Mayo Clinic

Table 2. Factors Associated with Sentinel Lymph Node Status.

SLN Negative (464) SLN Positive (100) P-value

Age, years 61.1 +/� 16.5 56.7 +/� 16.1 .013a

Follow-up months, median (IQR) 14 (15-26) 23 (10-36) <.0001a

Primary tumor location (% by row) .54b

Trunk 150 (80) 38 (20)
Head/neck 128 (85) 23 (15)
Lower extremity 84 (80) 21 (20)
Upper extremity 102 (86) 17 (14)
Unknown 0 (0) 1 (100)

Breslow tumor depth (% by row) <.0001b

0-1 mm 152 (96) 7 (4)
1-2 mm 174 (87) 25 (13)
2-4 mm 80 (67) 39 (33)
>4 mm 44 (63) 26 (37)
Unknown 13 (93) 1 (7)

Highest clark level (% by row) 0.1b

II 29 (90) 3 (9)
III 124 (87) 18 (13)
IV 239 (80) 60 (20)
V 18 (67) 9 (303)
Unknown 53 (84) 10 (16)

Ulceration (% by row) <.0001c

Probable 4 (100) 0 (0)
Focal 3 (75) 1 (25)
Yes 82 (66) 42 (34)

Mitosis rate (% by row) .002b

0 60 (95) 3 (5)
1 113 (87) 17 (13)
2+ 238 (78) 68 (22)

Microsatellite lesion (% by row) 7 (58) 5 (42) .14c

Angiolymphatic invasion (% by row) 21 (50) 21 (50) .0002c

AJCC tumor stage (% by row) <.0001b

Microscopic 6 (75) 2 (25)
I 254 (99) 1 (1)
II 128 (98) 3 (2)
III 30 (30) 71 (70)
IV 11 (41) 16 (59)
Unknown 35 (83) 7 (17)

Abbreviations: SLN (sentinel lymph node); SD (standard deviation); IQR (interquartile range); AJCC (American Joint Committee on Cancer); Statistical tests: (a)
T-test; (b) Chi- square test; and (c) Fisher’s exact test.

Balkin et al. 7



showed no significant difference between Technetium-
99m-labeled Tilmanocept and Technetium-99m sulfur
colloid regarding the above-mentioned characteristics in
breast cancer SLN identification.39

In another preliminary report for melanoma SLN identi-
fication in 62 patients, the authors have found no significant
difference between Technetium-99m-labeled Tilmanocept and
Technetium-99m sulfur colloid.40 In a separate study, mela-
noma SLN biopsy for Technetium-99m-labeled Tilmanocept
was compared to Technetium-99m sulfur colloid by retro-
spective review in 370 consecutive patients with 185 patients

in each group. Technetium-99m-labeled Tilmanocept has been
found to require lower radiation dosages and shorter mapping
times. Also, the number of SLNs removed was less with the
Technetium-99m-labeled Tilmanocept, but the number of
patients with positive SLNs showed no difference. With less
number of lymph nodes removed and yet the sensitivity was
the same, the authors suggest that unnecessary removal of
nodes may lessen the complications such as lymphedema.41

One potential problem with Technetium-99m sulfur colloid
is the difference of filtered and unfiltered radioactive sulfur
colloid where different particle sizes whereas Technetium-

Table 3. Factors Associated with Single or Multiple Sentinel Lymph Nodes.

1 SLN (124) >1 SLN (440) P-value

Age, years 64.4 +/� 17.7 59.2 +/� 16.0 .0018a

Follow-up months, median (IQR) 14 (5-25) 16 (7-30) .045a

Primary tumor location (% by row) <.0001b

Trunk 25 (13) 163 (87)
Head/neck 63 (42) 88 (58)
Lower extremity 21 (20) 84 (80)
Upper extremity 15 (13) 104 (87)
Unknown 0 1 (100)

Breslow tumor depth (% by row) .003b

0-1 mm 37 (23) 122 (77)
1-2 mm 41 (20) 158 (80)
2-4 mm 25 (21) 94 (79)
>4 mm 16 (22) 56 (78)
Unknown 5 (36) 9 (64)

Highest clark level (% by row) .015b
II 8 (25) 24 (75)
III 27 (19) 115 (81)
IV 57 (19) 242 (81)
V 8 (30) 19 (70)
Unknown 24 (38) 39 (62)
Ulceration (% by row) .72c

Probable 0 (0) 3 (1)
Focal 1 (20) 4 (80)
Yes 29 (23) 95 (77)
Mitosis rate (% by row) .82b

0 13 (21) 50 (79)
1 24 (18) 106 (82)
2+ 64 (21) 242 (79)
Microsatellite lesion (% by row) 3 (25) 9 (75) .74c

Angiolymphatic invasion (% by row) 5 (12) 37 (88) .44c

AJCC tumor stage (% by row) <.0001b

Microscopic 0 (0) 8 (1)
I 66 (26) 189 (74)
II 22 (17) 109 (83)
III 21 (21) 80 (79)
IV 4 (15) 23 (85)
Unknown 11 (26) 31 (74)
Positive SLN identified (% by column) 17 (13) 83 (19) 0.1c

Abbreviations: SLN: sentinel lymph node; SD: standard deviation; IQR: interquartile range; AJCC: American Joint Committee on Cancer; Statistical tests: (a) T-
test; (b) Chi-square test; and (c) Fisher’s exact test.
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99m-labeled Tilmanocept is a homogeneous molecule of
7 nm.32 In a pig model, variability in the lymphatic mapping of
sentinel lymph nodes has been demonstrated between filtered
and unfiltered Technetium-99m sulfur colloid.42

In a pilot study, a comparison between [68 Ga]Ga-
tilmanocept PET/CT lymphoscintigraphy and [99m Tc]Tc-
tilmanocept lymphoscintigraphy for sentinel lymph node
identification in oral squamous cell cancer showed that [68Ga]
Ga-tilmanocept PET/CT lymphoscintigraphy yielded more
accurate identification of SLNs with improved visualization of
lymphatic vessels as these characteristics were compared to
those being generated by [99mTc]Tc-tilmanocept lympho-
scintigraphy. When simultaneous peritumoral injection of
[99mTc]Tc-tilmanocept, SLNs detected by [68Ga]Ga-
tilmanocept PET/CT lymphoscintigraphy can be reliably
identified during surgery using conventional gamma-probe.43

It should be noted that [68 Ga]Ga-tilmanocept has been rarely
used in the literature.

In another pilot study, [99 mTc]Tc-tilmanocept was
compared to [99mTc]Tc-nanocolloid in oral squamous cancer.
The authors could not reach a conclusion for the utility of
[99mTc]Tc-tilmanocept for SLN biopsy in early stage oral
squamous cell carcinoma.44 It should be noted that nano-
colloid has been rarely used in the United States.

In a recent study by Ooms et al, [99mTc]Tc-tilmanocept
(TcTM) was compared with [99mTc]Tc-sulphur colloid
(TcSC) and [99mTc]Tc-albumin colloid (TcAC) for detection
of head and neck cancer sentinel lymph nodes. Although the
study population was relatively small of 62 patients, the
authors concluded that TcTM showed comparable overall
performance to TcSC and TcAC.45

Based on the safety and ability of Technetium-99m-labeled
Tilmanocept to identify SLNs reliably, it has been approved by
the FDA as a radioitracer for preoperative lymphoscintigraphy
for detect SLNs in melanoma, breast cancer and head and neck
squamous cell carcinoma. Further, the FDA has also granted
approval of Technetium-99m-labeled Tilmanocept for drain-
ing lymph node mapping in pediatric patients.32

It is known in the literature that SLN biopsy in melanoma
often yields multiple SLNs.34 In this multi-center retrospective
cohort study, we have also shown that melanoma sentinel
lymph nodes are multiple in the majority of cases. We em-
ployed Technetium-99m-labeled Tilmanocept to identify
SLNs in patients with cutaneous melanoma. Overall, 78.0% of
564 patients had more than one SLN identified. Therefore,
based on the unique biological attributes of Technetium-99m-
labeled Tilmanocept, we surmise that cutaneous melanoma
may have multiple primary lymphatic channels draining to
multiple SLNs. Moreover, characterization of our patient
cohort revealed that patients with more than one SLN varied
significantly from those with a single SLN in numerous ways,
including younger age, higher AJCC tumor stage, greater
Breslow depth and greater Clark level. In addition, single vs
more than one SLN varied significantly with primary tumor
site. For example, 87% of trunk melanomas had greater than

one SLN, whereas this was true of only 58% head/neck
melanomas (P = <.0001).

It should be stated that we have found no correlation be-
tween sentinel lymph node positivity and the number of
sentinel lymph nodes 1 vs greater than 1. SLNs greater than 1
may be a reflection of multiple lymphatic channels whereas 1
SLN most likely indicates a single channel. Although there is
no correlation between SLN positivity and the number of
SLNs, SLN greater than 1 is significantly correlated with
primary sites, younger age, higher pathologic AJCC tumor
stage, higher Clark level and deeper Breslow depth. Perhaps,
multiple lymphatic channels being associated with primary
sites may indicate that the lymphatic channels may differ in
different primary anatomical sites. In a previous study, we
have found that multiple lymphatic channels are associated
with a poorer prognosis.46

Younger age group is known to have more robust lym-
phatic system and, thus, more SLNs and lymphatic channels
may be found.47 The fact that greater than 1 SLN group being
associated with multiple channels may potentially be asso-
ciated with more aggressive melanoma as shown by higher
pathologic AJCC tumor stage, higher Clark level and deeper
Breslow depth. Recent study has shown that Stage IIB and IIC
and more so with Stage IIC may have a shorter survival than
Stage IIIA,48 with the Keynote 716 adjuvant study showing
benefit of treating melanoma patients with Stage IIB and IIC.49

In fact, Stage IIIA patients were not even included in the study.
Thus, SLN positivity group is a heterogeneous group, some
may have an excellent prognosis especially when the tumor
burden in the SLN is low.50 In this study, we have not ex-
amined the tumor burden in the positive SLNs.

In both univariate and multivariate analyses, younger
patients were significantly more likely to have more than
one SLN identified. Various studies have demonstrated that
the natural history of melanoma and survival outcomes are
different for younger patients.51-53 In fact, the character-
istics of primary melanomas from younger patients under
the age of 20 compared to individuals in the subsequent few
decades of life are more advanced (increased tumor
thickness and incidence of ulceration). Despite an increase
of highrisk features as well as SLN involvement in younger
patients, the mortality rate, compared to older age groups, is
diminished.54,55 This discrepancy may represent an area
worthy of future investigation. While it may reflect genetic
or age-related differences in tumor behavior, ie, invasive-
ness, migration, it may also represent differences in age-
related melanoma-host interaction such as immune system,
lymphatic flow competency and existence of comorbid
illnesses.47 Understanding better this age-related discrep-
ancy in tumor behavior and outcomes may lend insight into
future investigation and therapy.

In this patient cohort, the median number of identified
nodes was 3, using the 10% rule as stated above, although a
few patients had many more nodes removed at the time of
surgery (range 1-18). Some may argue that the removal of
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multiple lymph nodes has drawbacks, not only in the length
of surgery but also in the potential for increased morbidity
such as lymphedema. We have previously found that 20% of
the positive SLNs do not have the highest radioactivity.56

Kroon et al37 has further shown the value of 10% rule34 and
they have validated the significance of the 10% rule that
these additional lymph nodes should be removed in addition
to the hottest lymph node to avoid a false negative rate up to
11%.46 If fewer lymph nodes were removed to reduce
potential morbidity, positive lymph nodes may have been
missed.37 Furthermore, a missed SLN with occult micro-
metastasis may negatively impact patient’s prognosis and
survival.6 Thus, it is critical to identify melanoma SLNs as
accurately as possible to reduce the false negative rate. With
recent positive clinical trials either for targeted therapy or
immunotherapy, nodal staging is critical for patients to get
adjuvant therapy if needed.57 For these various reasons, we
have adopted the use of intraoperative gamma camera in
addition to gamma probe to aid in the intraoperative
identification of SLNs.20,58

We sought to identify factors associated with SLN status in
this patient cohort (Table 2). Not surprisingly, positive SLN
status was associated with widely accepted aggressive tumor
characteristics, including greater Breslow depth, mitosis rate,
presence of ulceration, as well as lymphatic and vascular
invasion. In addition, SLN positivity was associated with
higher AJCC tumor stage.

Conclusion

Technetium-99m-labeled Tilmanocept identifies multiple pri-
mary SLNs in themajority of melanoma SLN basins. Using the
10% rule,34,37 we have resected 1812 SLNs being identified by
Technetium-99m-labeled Tilmanocept. Of these SLNs, 145
were positive, thus, the overall positive SLN rate was 8%.
Since these 145 positive SLNs were derived from 100 patients,
the patient positivity rate was 17.7% (100/564) from a total
number of 564 patients in this study.

This study supports the findings in the literature that mela-
noma SLNs being identified by a radiotracer are usually multiple.
Multiple SLNs are found to be associated with younger age and
more aggressivemelanoma as shown by higher pathologicAJCC
tumor stage, higher Clark level and deeper Breslow depth.

Appendix

Abbreviations

SLN Sentinel Lymph Node
CD206 Cluster Designation 206
AJCC American Joint Committee on Cancer
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