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A New Radiocolloid for Sentinel Node Detection in
Breast Cancer

N. Hodgson, MD, P. Zabel, MSc, A. G. Mattar, MD, C. J. Engel, MD,
D. Girvan, MD, and R. Holliday, MD

Background: The optimal radioactive tracer and technique for sentinel lymph node localization
in breast cancer is yet to be determined. The dilemma of small particle size with dispersion to second
echelon nodes versus failure of migration of larger radiocolloids needs to be resolved. A new
radiocolloid preparation with particle size under 0.1 micron was developed with excellent primary/
post lymphatic entrapment ratio.

Objective: To assess the feasibility of a ne®W™Tc radiocolloid cysteine-rhenium colloid in
sentinel lymph node (SLN) localization for breast cancer.

Methods: Forty-seven patients with newly diagnosed T1 or T2 breast cancer underwent injection
of °*"T¢-labeled cysteine-rhenium colloid followed by lymphoscintigraphy. Same day SLN biopsy
with patent blue dye and intraoperative gamma probe to identify SLNs were performed.

Results: SLN mapping and intraoperative localization were successful in 46/47 (98%) of patients.
The blue dye radioactive tracer concordance was 94%. There was one false-negative in a patient
with a nonpalpable tumor that underwent ultrasound-guided peritumoral radiocolloid injection.

Conclusions: *°*™Tc-cysteine-rhenium colloid is highly effective in identifying SLNs. It has the
advantage of smaller particle size than sulfur colloid with easier lymphatic migration. It has a more
neutral pH with less pain on injection and does not require filtration, thereby minimizing radiation
exposure to technologists.
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Sentinel lymph node (SLN) dissection has been advo- date, the ideal radiocolloid for SLN mapping in breast
cated as a potential alternative to axillary lymphadenec- cancer is yet to be determined.
tomy (ALND), and SLN mapping may contribute to Radiopharmaceutical colloidal preparations were de-
more accurate staging, while using less invasive tech- veloped shortly after World War Il. In 1955, Hultborn
niques. The effectiveness of SLN localization varies and colleagues reported the preoperative use of intersti-
greatly according to radiotracer particle size. One of the tial colloidal gold injections in breast cancer patiehts.
most pressing issues in sentinel node surgery is theggm'l'c was introduced as a replacement for radioactive
dilemma caused by small particle-size tracers that label 90!d because of a better safety proffléTc has a short

too many secondary nodes and large particle-size tracerd1@!f-life (6 hours), low patient dose, no beta emission

that do not adequately label enough sentinel nodes. To@"d good detection energyvarious dyes and radioac-
tive tracers have been used to identify SL3dsWith

widespread application of the sentinel node technique in
breast canceP’™Tc-labeled sulfur colloid¥™Tc-SC) is
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For SLN detection, colloids should ideally move to pri- The product has not displayed any adverse events
mary (sentinel) lymph node(s) with minimal further when used as either an intravenous diagnostic product
migration. (liver, spleen, bone imaging) or a nebulized inhaled

We developed a neW?’™Tc-radiocolloid in our center,  product (lung ventilation studies) in over 1000 patients.
one that did not require filtration, which displayed opti- The ingredients are very similar to our “in housé€™Tc-
mal properties such as a particle size range of 10-12 nmSC which has been used clinically without adverse
(scanning electron microscope) and high radiochemical events for 20 years. The newly formulated colloid has a
purity and stability’” This colloid was formulated by  more neutral pH, lower thiosulfate concentration, and the
modifying an initial °°*™Tc-SC preparation so that it addition of cysteine well below that used in other me-
contained perrhenate and a much lower percentage ofdicinal products £0.3 mg/ml). No hypersensitivity re-
thiosulfate. The perrhenate is chemically similar to per- actions have occurred with tH™Tc-cysteine-rhenium
technetate and may serve to decrease particle size in aolloid to date.
similar manner shown for carrier techneti@mddition Our objective was to determine the feasibility of this
of cysteine also resulted in a smaller particle size. The novel radiocolloid for SLN localization in breast cancer
final preparation is buffered to a neutral pH which con- at our center. Endpoints included: (1) SLN localization
trasts to the typically acidic pH oP™Tc-SC. It has been by lymphoscintigraphy, (2) SLN localization at surgery,
termed®*™Tc-cysteine-rhenium colloid to distinguish it and (3) blue dye radioactive tracer concordance.
from °°™Tc-SC.

This product differs substantially from a European 100 METHODS
nm °°™T¢-rhenium sulfide, TCK—1%because it does not
involve tin and or chelation chemistry. O8"™Tc-cys Patients were prospectively enrolled for SLN localiza-

teine-rhenium colloid displayed very promising results in tion and resection between September 1998 and Decem-
a rabbit animal model. Primary node entrapment ratio ber 1999, at the London Health Sciences Center (LHSC),
was calculated as the ratio of uptake in primary node/ University of Western Ontario, Canada. Informed con-
post node lymphatic channel. The formulation of rhe- sent from all participants was obtained and internal re-
nium colloid showed the least leakage past the primary view board approval was obtained. Participating sur-
nodal basin compared with sulfur colloid (Reg TSC), geons and nuclear medicine physicians were trained in
filtered sulfur colloid (Eschima TSC), and antimony the procedure at the H. Lee Moffit Cancer Center (Tam-
colloid (Fig. 1)© pa, Florida). The inclusion criteria were the presence of
invasive breast cancer and a clinically negative axilla.
Exclusion criteria included: clinically suspicious/abnor-
2 Hour Entrapment Ratios of Tc-99m Colloids mal lymph nodes, previous axillary lymphadenectomy,

in Rabbit Lymphoscintigraphy Model tumor size=5 cm or evidence of distant metastases.
(primary/post-node lymphatic channel ratio)

Radioactive Tracer
Two to four hours prior to surgery’™Tc-cysteine-

15 rhenium colloid in a volume of 4 ml was circumferen-
tially injected intraparenchymally surrounding the tumor.
This new “in-house” radiocolloid was developed by our
radiopharmacist. It uses cysteine and less thiosulfate and
has a more neutral pH. Between 85%-95% of the prep-
: aration passes between 0.1 micron low protein binding
EshimaTSC RegTSC  Antimony  Rhenium filters. Four to six peritumoral injection sites were used.

. . . . Lymphoscintigraphy was then performed and the senti-
FIG. 1. Anesthetized rabbits received two 500 microCi (18MBq) | d ked th tient’ kin by th |
intradermal foot injections of 99mTc-colloid. Sequential images were ne no es ma': e on the pa '?n S SKin by the nuclear
performed to 2 hours. Primary node entrapment ratio was calculated asmedicine physician. Intraoperatively, a hand held gamma
uptake in primary (popliteal) nc_)de/post n_ode Iy_mphat|c channel. All probe (Navigator, Autosuture Co,, UK) was used to
colloids displayed excellent rapid uptake in popliteal nodes with aver- | h di ti tinel nod Patent blue dve |
ages of 5-6% injected dose. Primary node “entrapment ratios” were ocate the radioac |ve's.en Ine .no €s. Fatent blue dye In
calculated as the ratio of uptake of in primary node/post node lymphatic volumes of 2 ml was injected intraparenchymally along
channel. Our formulation of 99mTc-rhenium colloid displayed the least {he axillary border of the tumor, then the breast was
leakage past the primary nodal basin resulting in the best entrapment d for 10 minut A st ’ dard il L
ratio = SD (Eschima TSC 2.74= 0.54, Reg TSC 5.28+ 1.67, massaged for 1U minutes. A standard axiliary incision
Antimony 11.93+ 2.78, and Rhenium 18.48 9.26). was made and the sentinel nodes were identified by
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locating blue stained afferent lymphatics and dissecting Three patients with nonpalpable tumors underwent
along them to blue nodes. Lymph nodes that did not stain lymphatic mapping. There was one false-negative result,
blue were defined as SLNs if in vivo gamma-probe which occurred in a patient with a nonpalpable tumor.
counts were greater than or equal to 4 times background.There were no false-negatives in patients with palpable
Background counts were defined as the baseline radio-breast tumor.
activity of the nodal basin after removal of SLNs. Ex Internal mammary drainage was identified in 3 of 47
vivo counts of SLNs were measured and compared to (6%) patients on preoperative lymphoscintigraphy. The
background. Completion axillary node dissection was remaining 43 patients (94%) demonstrated axillary
subsequently performed. Internal mammary node dissec-drainage patterns. Ten patients had positive SLNs; eight
tion was not performed. were positive on H&E staining and two were positive for
Sentinel nodes were labeled and processed separatelynicrometastases on immunohistochemical staining for
for pathological examination. Routine hematoxylin and cytokeratin.
eosin (H&E) staining was used for sentinel and nonsen-

tinel nodes. For nodes..5 cm whole nodes were exam- DISCUSSION
ined, half nodes were examined for nodes 0.5 to 1 cm,
and for nodes> 1 cm multiple sections of .5 cm were Currently, the use of SLN mapping is widespread in
examined. Immunohistochemistry for cytokeratin was patients with early stage breast cancer. A number of large
performed on all negative sentinel nodes. randomized clinical trials are underway to assess the
morbidity and outcome of SLND versus ALND. The
RESULTS effectiveness of labeling varies considerably according

to the tracer particle size. One of the biggest potential

A total of 47 patients were prospectively enrolled and difficulties is that small sized tracers may pass through
underwent SLN localization at LHSC between Septem- the sentinel nodes and label secondary nodes. Large
ber 1998 and December 1999. Patient demographics andParticle radioactive tracers appear to have little pass-
tumor characteristics are displayed in Table 1. The sen- through to secondary nodes, yet their uptake at the in-
tinel node was successfully located in 98% (46/47) of jection site is less. SLN localization using our new
patients. The mean number of sentinel nodes identified °°"Tc-cysteine-rhenium colloid is feasible, as demon
was 1.7+ 0.8 and the mean number of nonsentinel nodes Strated in this study, where sentinel nodes were success-
was 12+ 0.7. fully detected in 98% of patients. This parallels SLN

The overall sensitivity of sentinel lymphadenectomy Mapping success rates reported in recent studiés.
was 90% and specificity was 100%. Positive and nega- The sensitivity of SLN dissection was 90% for all cases
tive predictive values were 100% and 96%, respectively. (0 = 47) and 100% for all palpable tumors ¢n 44).

Concordance between |ymphoscintigraphy and intra- In our center, only 1of47 patients had a false-negative
operative SLN localization was 98%. The blue dye and result, and a false-negative rate of 10% (1 of 10 patients

radiotracer concordance was 94%, with 44 of 47 SLN With positive nodes) (Table 2). This occurred in a patient
(93.6%) both blue and radioactive. with a nonpalpable tumor in which the radiocolloid was

injected under ultrasound guidance. Lymphoscintigraphy

revealed uptake in the internal mammary chain but no
TABLE 1. Demographic information uptake in the axilla. Axillary dissection revealed six
positive axillary nodes. False-negatives may occur sec-

No. of patients a7 ondary to failure of migration, diffuse radioactivity of the

Mean age (years) S48 5 injection site or residual radioactive nodes distant form
Stﬁ‘z number (%) 1) the hot spot. Mode of injection, intraparenchymal versus

Tib 3(4) intradermal, may influence radiocolloid migration. In a

Tlc 29 (62) series of 200 patients, Linehan et'alkeported a 98%
PrZSedure 1562 SLN localization rate with intradermal sulfur colloid

Lumpectomy 89% injection versus 78% in patients with intraparenchymal

Mastectomy 11% injection. Our false-negative may be explained by failure
Pagl‘fc'gﬁ’y (%) 44 (94) of migration secondary to intraparenchymal injection or

Lobular 1(2) our limited experience with the ultrasound-guided tech-

Other _ 2(4) nigue. Limited volume of radiotracer may also be a
Neurovascular Invasion Present (%) 11 (23)

potential explanation as this patient only receiee3 ml

Ann Surg Oncol, Vol. 8, No. 2, 2001



136 N. HODGSON ET AL.

TABLE 2. ly). Human serum albumin has a broad diffusion and is
Mean no. of sentinel nodes 1908 rapidly dispersed through to seco_nd—echel_on _noc_ies and
Vaoona fai 1G%) not recommended for SLN mappi@®.Our institution
apping failures o w 99 ; ;
Sensitivity 90% deve.loped a new m-hqus_el m'I'c-cyste|_ne-rhen|L.Jm
Specificity 100% colloid. Unlike sulfur colloid, it is smaller with a particle
ZOSi“;(e PFEd&C_ﬁ;_’e Va“IJe 1822? size of 85% < 0.1 microns (10—-12 nm) with easier
egative predictive value 0 . . . .
False-negative rate 10% migration into lymphatics (Table 3). It demonstrated an

excellent entrapment ratio in the primary nodal basin

_Sensitivity equals the number of positive sentinel lymph nodes compared with antimony, sulfur colloid, and filtered
divided by the number of patients with axillary lymph node metastases, L. . 1 99 .
multiplied by 100. Specificity equals the number of negative SLNs Sulfur colloid in our rabbit modei: "Tc-cysteine-rhe

divided by the number of patients without axillary metastases, multi- nium colloid also has the advantage of not requiring

plied by 100. Positive predictive value equals the number of patients fjitration and less radiation dose to technologists. More-
with axillary lymph node metastases divided by the number of patients

with a positive sentinel node biopsy. Negative predictive value equals OVer, it also has a neutral pH and causes less pain on
the number of patients without lymph node metastases divided by the injection than sulfur colloid which has an acidic pH.

number of patients with negative lymph node biopsy, multiplied by 3 conclusion, randomized clinical studies comparing
100. False-negative rate is the number of negative sentinel nodes ’

divided by the number of patients with positive lymph nodes. mode of injection, timing of injection, SLN localization
and blue/radioactive concordance rates between rhenium
versus sulfur colloid are warranted to determine the

injection of colloid. There were no false-negatives in : . . )
optimal radiocolloid and technique.
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