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Tracers and corresponding detection devices: technetium
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Abstract: Tracers and corresponding detection devices for the mapping of sentinel lymph nodes have been
evolving since the first use of lymphangiogram methods in 1977 in penile carcinoma. Nowadays a variety of
dyes and radiotracers have been validated for use in breast, vulvar and cervical cancer as well as melanoma.
Each tumor site with its anatomical conditions requires different mapping protocol. While the combination
of radiotracer and blue dye or radiotracer alone is an established method for breast surgery, vulvar cancer and
melanoma, in pelvic sentinel lymph node mapping indocyanine green is currently gaining popularity. Near
infrared fluorescence imaging is an emerging technique that enables a real-time image-guided procedure and
is currently approved by the Food and Drug Administration as a sentinel lymph node mapping substance
with standard of care. New tracers and devices are constantly under investigation to better understand the
pathway of lymphatic drainage and increase the sensibility and sensitivity of the method. In the present
review the evolution of available tracers and detection devices is discussed. An exhaustive review of current
clinical indications of each method, its particularities and adverse effects is made. Finally, an update on

ongoing clinical studies in sentinel lymph node mapping methods is presented.
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Introduction malignant melanoma, using isosulfan and patent

) . . blue-v (3). Krag and collaborators first investigated the
A selection of a correct tracer and detection method is . . i .
use of radioisotopes for SLN identification in breast
cancer (4). Later, Albertini identified the SLN using a

combined technique of blue dye and radioisotope (5).

crucial for effective sentinel lymph node mapping. The
story begins in 1977 when Cabanas used lymphangiograms
method with a radiocontrast agent to successfully map While the combination of radiotracer and blue dye or
Sentinel Lymph Node (SLN) in penile carcinoma in
100 patients (1). One year later a group from UCLA School

of Medicine studied the use of colloidal gold radionucleotide

radiotracer is an established method for breast surgery,
vulvar cancer and melanoma, in pelvic lymph node mapping
indocyanine green is currently gaining popularity

198Au to show the direction of regional lymphatic drainage
in patients with primary malignant melanoma (2). In 1992
Morton and collaborators demonstrated the accuracy of
intraoperative lymphatic mapping and selective sentinel
lymphadenectomy in patients with primary cutaneous
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New tracers and devices are constantly under
investigation to better understand the biology of lymphatic
drainage and increase the sensibility and sensitivity of the
method. The evolution of available tracers and detection
methods and new lines of investigation in sentinel lymph
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node mapping will be discussed in this review.

Vital dyes in SLN mapping

The colometric technique is simple, relatively cheap and
does not require additional detection equipment.

Currently used vital dyes have first been tested on
animal models. In pilot studies Cyalume® (visible light
fluorescent dye), methylene blue and isosulfan blue were
used (6). Cyalume® has not been found useful as it stained
surrounding tissues together with lymphatics. Methylene
blue was not satisfactory in animal models due to
insufficient lymphatic intake. In contrast, isosulfan has been
found to be the most promising dye with selective avidity
for lymphatic circulation (7).

At present several blue dyes are used in clinical practice.
Isosulfan blue is an isomer of the sodium salt-based patent
blue V, and is also called lymphazurin. After injection, this
dye binds to albumins and is absorbed by the lymphatics,
which allows delineation of the lymphatic drainage.

Isosulfan blue for identification of lymphatic vessels has
first experimentally been studied in 1980 in rat models with
excellent results. The investigators found a sensibility of
97.4% for identification of lymphatic vessels (7).

This dye has been used in pilot studies by Morton and
collaborators to map sentinel lymph nodes in more than five
hundred patients with malignant melanoma. The authors
demonstrated the accuracy of intraoperative lymphatic
mapping and selective sentinel lymphadenectomy to
identify lymph node metastasis and reported a less than 1%
false-negative rate (3).

A few years later Giuliano used isosulfan blue to
successfully map sentinel lymph nodes in breast carcinoma
with a 2.8% false negative rate. In his study sentinel nodes
were identified in 114 of 174 (65.5%) procedures and
accurately predicted axillary nodal status in 109 of 114
(95.6%) cases (8).

Methylthioninium chloride or Methylene Blue is
an organic chloride salt. This commonly used dye is
an oxidation-reduction agent and is approved by Food
and Drug Administration (FDA) for the treatment
of methemoglobinemia. In past, methylene blue was
widely used in treatment of malaria, or as an antiseptic
drug. Currently its properties are being investigated in
management of patients with Alzheimer disease. It can cause
acute haemolysis in patients with G6PD deficiency. When
administered in the lymphatic bed of the tumor, methylene
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blue stains sentinel lymph nodes and is used for mapping
purpose. The molecule is smaller in size than isosulfan blue.
However, the specificity remains the same as for other blue
dyes used for SLN mapping.

Methylene blue is less expensive than isosulfan blue or
patent blue and more accessible in developing countries.
The first reports about methylene blue as an alternative
to isosulfan blue for sentinel lymph node biopsy in breast
cancer were published by Simmons (9). The detection rate
of methylene blue with radiotracer is equivalent to that
reported for isosulfan and radiocolloid.

Patent blue V is structurally similar to isosulfan blue.
The mechanism of action and biology are analogous. Both
tracers are indistinctly used for Sentinel Lymph Node
mapping. In some countries, like United Kingdome patent
blue V is the most recommended blue dye in breast SLN
mapping.

Indigocarmine is a blue dye used in pilot studies in Japan
with promising results (10). However, more detailed data
are not available on a security profile and accuracy of this

method.

Adverse effects of blue dyes

Isosulfan and patent blue have been associated with
anaphylactic reactions such as allergic urticaria or
anaphylaxis. In the ASCOSOG Z00010 trial showed
0.1% risk of anaphylaxis using isosulfan blue alone or in
combination with radiocolloid (11). Other series showed
up to 1% of anaphylactic reaction. In addition, the
administration of a blue dye may result in oxygen saturation
decrease. This event is so called pseudo desaturation with
oxygen levels remaining normal. Consequently, anaesthetic
team should always be informed prior to blue dye
administration.

Methylene blue has been less associated with anaphylactic
reaction with only a few cases reported in the literature
(12,13). It can also interfere with oxygen saturation (pseudo-
desaturation) but less severely that isosulfan blue (14).
Methylene blue causes, however, skin reactions and
ulcerations. It should not be used subcutaneously due to
possible skin necrosis.

Intravenous injection of blue dyes may cause causes
a bluish skin discoloration. In addition, blue dyes can
transitionally change the urine colour into green.

Blue dyes are contraindicated in pregnant women due to
anaphylactic reaction risk.
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Current indications of blue dyes

Blue dyes are generally injected immediately before the
surgery. The coloured lymph nodes are visible 5 minutes
after the injection and stay up to 45 minutes. However,
surprisingly some authors described injections 90 minutes
prior to the surgery with positive results (15). Massage
of the injection site has been described to improve the
detection rate in breast cancer SLN mapping (16).

In breast cancer there is enough evidence that the
combined use of blue dye and radioisotopes is significantly
better than blue dye alone for SLN identification (17-19).
In gynaecological cancer (endometrial, cervical and vulvar
cancer) the evidence is similar. Blue dyes used alone are
associated with the poorest detection rates, around 70% for
endometrial cancer (50% for bilateral detection). In vulvar
cancer the sensitivity of the blue dye technique in detecting
the sentinel node is only 56-88% and the combined method
with radiotracer significantly improves the SLN detection
rate to approximately 100%.

Therefore, currently the use of blue dye alone is not
recommended for SLN mapping.

Indocyanine green

Indocyanine green (ICG) is a cyanine fluorescent
molecule used for diagnostic purpose in ophthalmology,
neurosurgery, cardiology and hepatology. ICG has attractive
characteristics due to its safety and high absorbance in
a wavelength range of 600 to 900 nm. When injected
intravenously or interstitially, and excited by a laser ICG
emits a wavelength in the near infrared range between 750
and 950 nm, that can be detected by a near-infrared imaging
devices. ICG is currently widely used as a sentinel lymph
node tracer as after interstitial injection the drug diffuses
into lymphatic pathways and lymph nodes similarly to vital
dyes.

The ICG in lymph node mapping has first been used
for skin cancer patients (20). Simultaneously, intraoperative
near-infrared fluorescence was tested in breast cancer
surgery (21-23). These first clinical trials showed similar
detection rate to conventional combined technique. In
2010 ICG was first described as a feasible tracer for use in
SLN mapping in gynaecologic cancers, initially cervical
cancer, and then for endometrial cancer by the group of
Rossi (24,25).

Recent prospective study by Frumovitz et /. proved
that ICG is superior to the blue dye in detecting SLN in
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endometrial cancer. The authors concluded that interstitial
injection of ICG appears to be safe as there were no
adverse events related to the compound (26). ICG was
also compared to the combined method (blue dye and
radiotracer) in an international European retrospective
study. The authors found significantly higher bilateral
detection rate in ICG group (27). Similar studies have been
performed for cervical cancer, founding better detection
rate for ICG when compared to standard technique using
radioisotope technetium 99m radiocolloid radiotracer
with or without blue dye (28). ICG is found to be the most
accurate detection method for obese patients in endometrial
cancer SLN mapping (29,30).

The main advantage of this method is that it is a one-
step technique and is fully performed during the surgical
procedure what considerably impacts patient’s satisfaction.
ICG is associated with minimal risk of adverse effects.
Although, its use is contraindicated in patients with hepatic
insufficiency and those allergic to iodine components.

Clinical use of ICG

ICG may be prepared with distilled water or saline solution.
However, the dosage and injection site are not standardised.
Some studies used the dilution of 1.25 mg/mL, using a total
dosage of 5 mg, others used up to 10 mg.

An interesting experimental study used a porcine
model to compare various dosages of ICG to determine
the optimal dosage needed to accurately differentiate the
sentinel node from surrounding tissue. The tracers have
been injected into porcine uterine cervix and detected
with robotic instrumentation. The authors suggest that
an optimal ICG dose range of 250 to 500 pg/mL, both
of which cause a large difference in the intensity signal
between the sentinel node and the surrounding tissues.

The authors found that smaller dose of ICG migrated
fastest to the SLN. However, these finding have not been
confirmed in different studies and the authors suggested
that timing seems to be unrelated to the dosage of ICG (31).

Radiotracers

Since the development of scintigraphy and gamma camera
in 1950s, radioactivity has found another application in
medicine. The most widely used radiation sources for
medical purposes are gamma (y) emitting radioisotopes, as
the most penetrating and possible to be measured outside
the patient’s body. Only radioisotopes characterised by
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radiochemical sterility and stability, safety of application
for patient and medical personnel, finally physical
availability in production and costs of production not
constituting a financial barrier to clinical use are classified
as radiopharmaceuticals. Of the hundreds of radioisotopes
available today, properties of technetium (*"Tc) and
particularly its metastable isotope (""™Tc) gave rise to its
most widely application in nuclear medicine. It emits high-
energy vy radiation and has ideal for clinical applications
relatively short half-life (6.01 hours) resulting in relatively
low radiation burden to the patient. It allows to precisely
indicate the place of its uptake and distinguish it from
the surrounding tissues. Use of molybdenum-technetium
generators allows for its constant production and regular
weekly delivery to hospitals as well as easy quality control
process (32).

For lymph node imaging, 99m’Ic is bound to a colloid
playing a role of a carrier, to form a radiocolloid. The
schematic flow of the tracer in the body is shown in the
Figure 1 (33).

Physical and chemical properties of colloid particle
influence its kinetics and play an important role in
distribution of a radiocolloid in the lymphatic vessels and
ability to visualize SLN and subsequent lymph nodes.
Ideal size of the colloidal particle to be used in the SLN
procedure ranges between 80 and 200 nm. Smaller
elements move much more dynamic from the place of their
application to the SLN, which creates a narrow window
of time to determine its location, or even after passing it,
subsequent nodes can be labeled leading to false results. In
contrast, large particles may remain at the injection site,
block lymphatic channels, or not reach the nodes within a
clinically acceptable time (34). It is estimated that after 60
minutes after subcutaneous administration of the """ Tc-
albumin, around 3% to 5% of the applied activity will be
detected in the LNs (35). The strength of the signal will
decline steadily over time as “"Tc biological half-life time
ranges between 6 and 12 hours.

There are currently over ten colloidal products used in
lymphoscintigraphy following *"™Tc labeling.

Characteristics of different colloids labeled with ™" Tc

© Chinese Clinical Oncology. All rights reserved.

and currently used in lymphoscintigraphy for the SLN
procedure are presented in Table 1.

Radiotracers, current indications

Different protocols are used for different tumor sites.
In cervical cancer, the most frequently used activity is
about 110 MBq in a total volume of 2 mL (0.5 mL per
depot) (36). However, there are at least three protocols
with different doses and different timing of injection. Long
protocol consists of injection of high doses of radiotracer
24 hours before surgery. The doses range between 2 and
4 mCi, 74-148 MBq. In short protocols, 0.2 and 1mCi
(7.4-37 MBq) of Technetium isotope is injected 2 to 4 hours
prior surgery. In ultrashort protocols the application of the
is made in the operating theatre under general anaesthesia
and the dose is 0.4-0.55 mCi (14.8-20 MBq) (37).

The endometrial approach is more complex and several
techniques have been described. Thus, the total dose
injected may vary from 40 to 185 MBq and the volume
injected from 0.5 to 8 mL (38,39).

For vulvar cancer two to four injections of radiotracer
are performed with a total dose ranging from 20 to
150 MBq in an approximate volume of 0.4-0.5 mL (0.1 mL
per injection) (40-42). The maximum activity of 99m’Ic
should be loaded onto the smallest number of particles.
Labelling at higher specific activity has been demonstrated
to result in higher nodal count rates for the same
administered activity (43).

Following application of a radiocolloid, lymph nodes can
be localized either by planar scintigraphy or SPECT-CT.
Imaging is advised to enable the preoperative identification,
location and number of sentinel lymph nodes, including
those outside the defined regional lymph flow. In long
protocols, preoperative imaging is performed 1-3 hours
after injection, whereas in short protocols the images
are obtained 20-30 minutes after the injection. SPECT
gamma camera and integrated CT scanner (SPECT/CT)
appears to offer a significant improvement in sentinel
node detection and anatomic localization when compared

with lymphoscintigraphy. SPECT/CT fuses tomographic
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Table 1 Characteristics of selected “™Te-labelled radiopharmaceuticals used for the SLN procedure (36)

Radiopharmaceutical Particle size (range)

Remarks

#™Te albumin nanocolloid 16-100 nm
#mTe sulfur colloid 100-5,000 nm
Filtered **™Tc sulfur colloid 15-100 nm
#"Tc antimony sulfide colloid 3-30 nm

#™Te rhenium sulfide colloid 5.1-2,200 nm
“"Tc phytate colloid <15-1,500 nm
#™T¢ tin colloid 30-250 nm
"¢ dextran 10-400 nm

Mostly used in Europe

Not filtered, not in use

Filter 0.1-0.22 pm, mostly used in the USA
Mostly used in Australia, Canada

Used in Europe

Used in South America, Korea

Used in Korea, Japan

Non-colloidal, used in China and Brasil

lymphoscintigrams with anatomical data. SPECT/CT
systems consist of a dual-head variable-angle gamma camera
equipped with low-energy high-resolution collimators
and a low-intensity CT scanner. Patient stays in the same
position during imaging and the two images are easily fused.
SPECT/CT provides a three-dimensional image with
better contrast and spatial resolution than planar imaging
and has the possibility to correct for attenuation and scatter.
This combination of imaging properties results in precise
localization of the SLN (44,45).

SPECT CT has found to be particularly useful in
detection of parametrial SLN in Cervical cancer (46,47).
However, there is still a lack of data on the use of SPECT/
CT in endometrial cancer. For other tumors such as
vulvar cancer SPECT/CT is not widely used because deep
drainage is less frequent.

Intraoperative detection of nodes with high gamma
activity (hot nodes) requires a use of a gamma-probe that
acquires the radioactive signal. The hot nodes are identified
in comparison with background radioactivity. The ratio
of radioactive counts depends on the dose, time elapsed
and the type radiotracer used and type of gamma-probe
applied. All hot nodes must be removed. Additionally, nodes
that presents more than 20% of SLN count rate should be
resected.

The quality of gamma-probe is essential for a successful
mapping. The following criteria were used to describe the
quality of a probe: Spatial selectivity at 30 cm (the width of
the measurement cone), spatial resolution at 1 ecm distance
(determines the minimal distance needed between two
lymph nodes for them to be detected separately, Sensitivity,
Sensitivity at probe housing, energy discrimination, shape
of probe (48).

© Chinese Clinical Oncology. All rights reserved.

Safety of radiotracers

The use of a radioactive tracer involves exposure to
ionizing radiation not only for the patient but also for
the medical personnel. However, operating room staff is
exposed to a radiation dose reported as minimal (below
1 pSv per operation) with the highest occupational dose
to the surgeons performing SLN biopsy and this is below
2 pSv per operation (49,50). The hand dose to the surgeons
has been calculated as 5-94 pSv per operation. Thus,
radiological safety must be secured by adherence to strict
guidelines and safety rules at all stages of handling, applying
and disposal of radioactive tracers

As there is limited data regarding safety of radiotracer
based SLN mapping in pregnant women it is often listed as
contraindication for the procedure (51). Others argue that
taking into account fact that fetus exposure to radioactivity
is negligible, SLN procedure is justified as is relatively
related to less risks of complications than traditional axillary
lymph node dissection (52).

Combined methods

The combinations of the radiotracer, ICG and blue dyes
was tasted for several tumor sites in randomised trials.

In breast cancer dual detection of SLN using ICG and
radioisotope was found reliable and sensitive but was not
superior to isotope alone in successfully locating SLN in
pilot randomized trial. Randomized comparison between
indocyanine green fluorescence plus 99mtechnetium and
99mtechnetium alone methods for sentinel lymph node
biopsy in breast cancer (53).

In another prospective trial, How et 4/. combined the 3
tracers blue ICG and Tc99 in endometrial cancer patients.
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Authors observed a 76% bilateral detection rate using this
combination, similar to single-agent ICG detection rate
described in different studies (54).

The comparison of available tracers and their
combination have been analysed in systematic reviews and
metanalyses.

New tracers

Some authors tried to use ICG-99m Tc nanocolloid as a
hybrid tracer that combined the fluorescent and radioactive
signatures in one compound. These traces have been
preliminary tested in melanoma, cervical and breast cancer
patients (55).

Novel techniques with iron oxide tracer (Sienna+®), have
been evaluated in vulvar cancer to compare with promising
results (56).

Other authors tested the fluorescence tracer with
receptor targeted agents - Rituximab (a chimeric human/
murine monoclonal antibody targeting the CD20 antigen
on the surface of lymphocyte for SLN mapping in breast
cancer (57).

Comparizon of tracers in different tumor sites
Breast cancer and melanoma

An exhaustive meta-analysis on optimal tracer for SLN
mapping in breast cancer and melanoma provided data
in favor of the use of radiocolloid alone or radiocolloid
combined with a blue dye. Authors of this metanalysis
recommend radiocolloid alone as a method of choice for
experienced surgeons (58).

Vulvar cancer

The combination of radiotracer and blue dye has for long
been gold standard in SLN mapping in vulvar cancer. This
opinion was based on a result of a meta-analysis which
demonstrated that the SLN detection rates were 94.0%
(95% CI, 90-96%) for technetium Tc 99 m alone, 68.7%
(95% CI, 63-74%) for blue dye alone, and 97.7% (95% CI,
96-98%) for 99m’Ic plus blue dye (59).

At present florescence guided SLN mapping is gaining
importance also in vulvar cancer. Its feasibility was described
in two promising studies (60,61).

© Chinese Clinical Oncology. All rights reserved.
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Gynecological cancer

According to data from a recent metanalysis, ICG or the
combined technique of blue dye with Tc99 seems to have the
highest detection rates, generally greater than 90% overall
detection and greater than 80% bilateral detection (62).

Conclusions

The SLN procedures requires an implication of four
different medical specialities including surgery, pathology,
nuclear medicine and radiology. The choice of the best
tracer is a result of its safety, accuracy and cost-efficacy of
the method. Currently ICG is found to be the most accurate
in pelvic SLN mapping both for endometrial and cervical
cancer. However, its use requires availability of costly near-
infrared optical system device.

The decision of a used protocol should be made
according to local availabilities and in consensus with a
multidisciplinary team.
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