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BACKGROUND: The aim of this study was to determine if an intraoperative injection of iodine-125�labeled
methylene blue (125I-MB) is a sensitive and effective method for detecting SLNs in women
with breast cancer.

STUDY DESIGN: Sixty-two women were enrolled in an extended phase II trial using 125I-MB to guide SLNB.
All patients were anesthetized and then injected subcutaneously with 1 mCi 125I-MB in the
outer quadrant of the areola.

RESULTS: Radioactivity was detected in the axilla within 3 to 5 minutes. Fifty-eight of 62 (94%) patients
had SLNs detected during their procedure. Mean (�SD) number of SLNs per patient was
1.8 � 1.3 (range 0 to 6). A total of 112 nodes were dissected from 58 women; 110 of these
nodes were considered sentinel. One hundred and eight (98%) nodes were hot, 98 (89%) nodes
were blue, and 96 (87%) nodes were both hot and blue. Two women had complications; 1 had
superficial skin staining and 1 had a superficial skin slough. Both healed uneventfully. No
allergic reactions were observed. No radioactive uptake in the thyroid was seen.

CONCLUSIONS: Iodine-125�labeled methylene blue can be mixed and administered in the operating room,
improving hospital efficiency. Patient satisfaction is higher with 125I-MB than with the tech-
netium 99m sulfur colloid procedure because 125I-MB does not produce localized burning
and other adverse reactions associated with the traditional method, and 125I-MB is admin-
istered with the patient under anesthesia. Iodine-125 emits a lower-energy gamma ray than
technetium 99m, lowering the surgeon’s radiation exposure. Iodine-125�labeled methylene
blue SLN identification is safe, cost effective, and produces equivalent outcomes compared
with the traditional technique, making it an attractive alternative. (J Am Coll Surg 2013;216:
599e606. � 2013 by the American College of Surgeons)
Sentinel lymph node biopsy has become the standard of care
for the evaluation of axillary lymph nodes in patients with
invasive breast cancer. The use of SLNB as a minimally
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invasive alternative to radical lymph node dissection has
been validated by a number of studies.1-3 Despite widespread
use of SLNB, the optimal technical approach to sentinel
node evaluation remains controversial. Themost commonly
used technique for SLNB involves a 2-step procedure in
which technetium 99m (99mTc) sulfur colloid is injected
preoperatively, followed several hours later by an intraoper-
ative injection of lymphazurin blue or methylene blue.4,5

Historically, 99mTc sulfur colloid was used for SLNBs
because it was reported to have the highest success rate in
labeling SLNs.6However, there are several critical drawbacks
associated with the use of 99mTc sulfur colloid. Injection
of 99mTc sulfur colloid is performed preoperatively when
the patient is awake. The pain caused by this injection has
been rated as severe by some patients and, in our experience,
is rated as unpleasant to highly uncomfortable by most indi-
viduals. The 99mTc sulfur colloid injection is performed
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Table 1. Patient Characteristics

Groups n %

Tumor type

Invasive ductal 49 79

Invasive lobular 5 8

Other 8 13

Primary tumor size, cm

0�1 9 15

1.1�2 15 24

2.1�3 18 29

3.1�4 2 3

4.1þ 3 5

Multiple 9 15

No residual tumor 3 5

Unknown 3 5

Surgical procedure*

Lumpectomy 31 50

Mastectomy 30 48

Tumor type, primary tumor size, and surgical procedure performed for all
patients in this study (n ¼ 62).
*One patient had an SLNB only (not included).
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about 2 hours before the SLNB to allow for diffusion of the
isotope into the axillary node basin. This delay can create
problems for surgical and nuclear medicine scheduling.4,5

Subsequently, the patient undergoes a second injection of
the blue dye of choice once anesthesia has been induced.
The 99mTc sulfur colloid is conjugated in a nuclear phar-

macy before each use. This means that SLNBs are not
routinely performed in the evenings or on weekends
because of the cost and staffing issues. Finally, 99mTc sulfur
colloid has high-energy gamma emissions (140 KeV),
which can result in considerable radiation exposure to
personnel who are involved in handling of the patient or
the surgical specimen(s).5

Iodine-125�labeled methylene blue (125I-MB) was devel-
oped by our group as an alternative to 99mTc sulfur colloid/
blue dye injections for the evaluation of sentinel nodes. This
method combines the radioisotope and the blue dye into
a single intraoperative injection.4 A limited dose-findingphase
I/II trial demonstrated the safety and efficacy of this drug in 12
womenwith invasive breast cancer.5 The aimof this studywas
to determine if a single injection of 125I-MB was an effective
means for reliable detection of SLNs in patients with breast
cancer in an extended phase II trial.
METHODS
Between September 2009 and May 2011, sixty-two
patients with biopsy-proven cancer of the breast and
clinically node-negative axillae underwent SLNB at Loui-
siana State University Health Sciences Center, University
Medical Center. All operations were performed under the
supervision of attending surgical staff. All patients
were female (mean � SD age 53 � 11 years; range 27
to 79 years; Table 1). No patient was excluded based
on the size of their primary tumor or surgical history.
Two patients had a history of previous breast tumor exci-
sions, and 2 patients had preoperative neoadjuvant
therapy. All patients had preoperative axillary ultrasonog-
raphy and any sonographically suspicious nodes were bio-
psied. Those patients found to have positive nodes via
fine-needle aspiration were excluded from the study. No
patients in the study had an earlier axillary dissection or
an earlier SLNB. Institutional Review Board approval
was obtained from Louisiana State University Health
Sciences Center to perform this study. Written informed
consent was obtained from each patient before their
inclusion in this protocol. The US FDA approved the
use of 125I-MB in this study under a physician-initiated
Investigational New Drug (no. 70627). All patients
were instructed to take 3 drops (0.05 mL or 2.5 mg)
Lugol’s solution in water for 2 days preoperatively, and
were given Lugol’s on the day of surgery. Women were
also instructed to take the Lugol’s solution for 2 days
postoperatively to protect their thyroid from iodine-
derived radiation.
The radiopharmaceutical 125I-MB (Tiger-I) was a gift

from Iso-Tex. This preparation was sterile, pyrogen-free,
andhas a 120-day shelf life. Based on the physical decay char-
acteristics of 125I, we were able to create a decay chart that was
used to determine the volume of 125I-MB, which was
required to create a 1-mCi dose of the radioactive blue dye.
The radioactive component of the injection was diluted
with unlabeledMB (total injection volume 5mL).5 A partial
decay table of 125I-MB is presented in Table 2.
All patients were injected with 1 mCi 125I-MB diluted to

5mL inMB (unlabeled). The radioisotopewas injected after
the induction of anesthesia but before the preparation and
draping of the patient. All injectionswere given in a subareo-
lar location in the upper outer quadrant of the affected
breast. Transcutaneous axillary uptake was observed within
3 to 5minutes after injection. In no instance was the surgical
procedure delayed due to a lack of observed counts when the
preparation and draping of the patient was complete.
A hand-held gamma-detecting Neo-2000 probe (Neop-

robe Corporation) was calibrated to read 125I counts per
second (cps). Successful isotope localization of a “hot
node” (radioactive) was defined by a “hot” alarm sounding
on the gamma-detecting probe. The mean background
count on the upper thigh from 10 patients was 0 cps. There-
fore, for data analysis, we defined hot as any node with
a count >10 cps. A “blue” node was defined by the visual
detection of a lymph node with clear-cut blue dye staining



Table 2. Sample Physical Decay Table of Iodine-125*

Date Days of decay mCi/mL Volume (mL) for 1 mCi Cold dye, mL to dilute to 5 mL total

First 20 days

7/17/2008 0 1 1.00 4.00

7/18/2008 1 0.99 1.01 3.99

7/19/2008 2 0.98 1.02 3.98

7/20/2008 3 0.97 1.04 3.96

7/21/2008 4 0.95 1.05 3.95

7/22/2008 5 0.94 1.06 3.94

7/23/2008 6 0.93 1.07 3.93

7/24/2008 7 0.92 1.08 3.92

7/25/2008 8 0.91 1.10 3.90

7/26/2008 9 0.90 1.11 3.89

7/27/2008 10 0.89 1.12 3.88

7/28/2008 11 0.88 1.14 3.86

7/29/2008 12 0.87 1.15 3.85

7/30/2008 13 0.86 1.16 3.84

7/31/2008 14 0.85 1.18 3.82

8/1/2008 15 0.84 1.19 3.81

8/2/2008 16 0.83 1.20 3.80

8/3/2008 17 0.82 1.22 3.78

8/4/2008 18 0.81 1.23 3.77

8/5/2008 19 0.80 1.25 3.75

8/6/2008 20 0.79 1.26 3.74

Last 20 days

11/14/2008 120 0.25 4.00 1.00

11/15/2008 121 0.25 4.05 0.95

11/16/2008 122 0.24 4.09 0.91

11/17/2008 123 0.24 4.14 0.86

11/18/2008 124 0.24 4.19 0.81

11/19/2008 125 0.24 4.24 0.76

11/20/2008 126 0.23 4.29 0.71

11/21/2008 127 0.23 4.34 0.66

11/22/2008 128 0.23 4.39 0.61

11/23/2008 129 0.23 4.44 0.56

11/24/2008 130 0.22 4.49 0.51

11/25/2008 131 0.22 4.54 0.46

11/26/2008 132 0.22 4.59 0.41

11/27/2008 133 0.22 4.65 0.35

11/28/2008 134 0.21 4.70 0.30

11/29/2008 135 0.21 4.76 0.24

11/30/2008 136 0.21 4.81 0.19

12/1/2008 137 0.21 4.87 0.13

12/2/2008 138 0.20 4.92 0.08

12/3/2008 139 0.20 4.98 0.02

The physical decay of iodine-125 and the required volume of both 125I and cold dye necessary to achieve 5 mL. Displayed are the first 20 days and the last 20
days (due to space).
*Initial activity: 1 mCi/mL in 5 mL on July 17, 2008 (half-life: 60 days).
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or an uncolored node that had an easily detected blue-
stained afferent lymphatic (none of the latter was observed).
A sentinel node was defined as any node that was hot, blue,
or hot and blue. All sentinel nodes were excised. Any
palpable or visibly enlarged nodes were also excised and
labeled as “nonsentinel” nodes. Postoperative gamma



Table 3. Summary of Removed Sentinel Lymph Nodes

SLN status Hot only Blue only Blue and hot

Positive (n ¼ 21) 6 0 15

Negative (n ¼ 89) 6 2 81

Totals (n ¼ 110)* 12 2 96

Based on nodal status (ie, clinically positive or negative); 110/112 removed
lymph nodes were sentinel.
*Two nodes were not sentinel (one was not blue and the Neoprobe reading
was unknown, the other was not blue and not hot) these nodes were
excluded.
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counts from the axillary wounds and the thyroid were ob-
tained at the end of the procedure. This was done to ensure
that no residual counts remained at the operative site or the
thyroid.No evidence of residual radioactivitywas seenwhen
these sites were evaluated postoperatively in the operating
room. In our previous phase I/II trial, counts over the
thyroid, axilla, and wound were also performed at 1 week
and were equivalent to background counts.5

We performed a separate study to determine the differ-
ences in the ambient radiation levels produced by the
current radiolocalization pharmaceutical 99mTc sulfur
colloid (typical activity used is 18.5 MBq [500uCi])
and 125I-MB (typical activity used is 37 MBq [1 mCi]).
This was done using “superflab,” a gel-like, tissue-equiva-
lent material that closely mimics human tissue and is typi-
cally used for radiation therapy. This material can be used
to absorb radiation and is produced in standard thicknesses
(0.3, 0.5, 1.0, 2.0, and 4.0 cm). Superflab was used to
mimic the amount of endogenous tissue that would absorb
radiation during SLNB procedures in the operating room.
We believed this separate study was critical to define the
amount of radiation exposure from 99mTc and 125I that
the operating surgeon, the scrub/anesthesia teams, and
the pathology team would be exposed to as part of the
conventional and experimental SLNB procedures.
A calibrated Victoreen model 450P ion chamber (Fluke

Biomedical) was used to measure the ambient radiation
dose rates. Measurements of patient tissue-attenuated
dose rates weremade using various thicknesses of superflab.
Dose rates were recorded for each thickness to determine
the total attenuation coefficients (m). For both isotopes,
a fitted linear regression was used to determine a specific
value for m: I ¼ Io e

�mt, where I ¼ attenuated dose rate,
Io ¼ initial dose rate, e ¼ 2.717, m ¼ attenuation coeffi-
cient, and t¼ thickness of attenuator. The use of superflab
as a tissue simulator allowed us to directly compare the radi-
ation exposure of 99mTc and 125I under clinically relevant
doses and conditions. A comparison of our empirical values
with published gamma constants and attenuation coeffi-
cients in water was also performed.

RESULTS

Demographics

A total of 62 patients underwent SLNB. Patient demo-
graphics are presented in Table 1. Mean age of all patients
was 53 � 11 years (range 27 to 79 years). Mean primary
tumor size was 2 � 0.97 cm (range 0.4 to 4.5 cm).

Sentinel node detection

In 58 of 62 women (94%), sentinel nodes were detected
using the SLNB procedure. Three women had no sentinel
nodes found, and 1 woman had a 4-mm hot (300 count),
blue node found on subsequent axillary dissection. Mean
number of nodes discovered per patient was 1.8 � 1.3,
with a range of 0 to 6 sentinel nodes per patient
(Table 3).
Of the 58 patients with SLNs evaluated, 100% of the

women had at least one 1 node detected. Fifty-five (95%)
women had at least 1 blue node detected. Fifty-five (95%)
of the women had at least 1 node detected that was both
hot and blue.
A total of 112 nodes were dissected from the 58

women who were found to have SLNs. One hundred
and ten of 112 of these nodes were sentinel. (One excised
node was neither hot nor blue and one node was not blue
and had an unknown neoprobe count, therefore, both
were excluded from the final SLN count.) One hundred
and eight of 110 (98%) nodes were hot. For the 2 nodes
that were not hot, 1 had a count of 7 cps and the other
had an unknown count. Ninety-eight of 110 (89%) of
the nodes were blue, and 96 of 110 (87%) of the nodes
were both hot and blue (Table 3).
Eighty-nine of 110 (81%) of the nodes that were

dissected were benign. Ninety-one percent (91%) of the
benign nodes were both hot and blue. Twenty-one of
110 (19%) of the sentinel nodes that were excised were
malignant. Seventy-one percent of these nodes were
both hot and blue (Table 3).
Two patients had mild complications from the proce-

dure. One patient had staining of her skin at the site
of 125I-MB injection and a superficial skin ulceration
developed in 1 patient (Figs. 1 and 2).
Ambient dose rate comparison

Technetium 99m 140-keV photons in water have an
attenuation coefficient (m) of 0.15 cm�1.7 We measured
an attenuation coefficient (m) of 0.10 cm�1 for the syringe
and breast/superflab combination. The linear regression-
derived correlation coefficient was 98% and our results
demonstrate that 99mTc has a photon that is slightly
more penetrating than the previously published values.
This difference could be because the previously published
values for this photon were determined at equilibrium



Figure 1. Mild complication from the sentinel lymph node proce-
dure. Image shows superficial staining of skin with methylene blue.
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and our environmental testing included data points
that were obtained before equilibrium was reached.
Attenuation measurements, when >4 cm of superflab
was used, began to approach the previously published
value. The unattenuated dose rate at 30 cm (1 foot) in
air for 18.5 MBq (500 mCi) of 99mTc in a syringe was
2.6 mGy/h (0.26 mR/h).
Iodine-125 30-keV photons in water have an attenuation

coefficient (m) of 0.51 cm�1. In our study, we measured an
attenuation coefficient (m) of 0.51 cm�1 for the syringe and
breast/superflab combination. The linear regression-derived
correlation coefficient was 93%. Our values were essentially
identical to the published data, meaning equilibrium condi-
tions were met by the attenuating thickness of the syringe
and carrier volume. The dose rate at 30 cm (1 foot) in air
Figure 2. Mild complication from the sentinel lymph node proce-
dure. Image shows the development of superficial skin loss in area
of iodine-125 methylene blue injection.
for 37 MBq (1 mCi) of 125I in a syringe containing a total
volume of 5 mL was 5.6 mGy/h (0.56 mR/h). Both
the 99mTc and 125I measured values are slightly lower than
the commonly cited specific gamma ray constants.
However, this is expected as a result of variances in geometry
as well as self-attenuation from the carrier volume in the
syringe and the plastic in the syringe wall. On a per-mCi
basis, this means that 125I and 99mTc have dose rates that
are essentially identical in air. However, the attenuation of
human fat (as simulated by superflab) shows that at depths
comparable with the human axillary node location, the
lower energy photons of 125I have a much lower dose rate
than the more energetic photons of 99mTc. Therefore, in
the clinical setting, surgical teams get less radiation exposure
with the 125I-MB product (Table 4).

DISCUSSION
Sentinel node sampling has assumed a critical role in the
evaluation of axillary lymph node status in women with
invasive breast cancer. Currently, the common way to
perform an SLNB includes a preoperative injection
of 99mTc sulfur colloid (filtered or unfiltered) and a subse-
quent separate intraoperative injection of either MB or
lymphazurin blue. However, many surgical teams have
adopted MB as their blue dye of choice, citing a lower
incidence of serious allergic reactions when compared
with lymphazurin blue.8-10

We created the 125I-MB product to solve 4 specific
problems seen during the use of traditional 99mTc-based
SLNBs. First, the 125I-MB is supplied by Iso-Tex as
a sterile, pyrogen-free liquid. Each 125I-MB vial contains
5 mL 125I-MB (1 mCi/mL at the time of production)
and is accompanied by a chart that instructs the surgeon
how much of the radioactive dye to use on a given day,
based on the physical decay of 125I (60-day physical
half-life; Table 2). Once this amount of dye is drawn
up into the syringe, the total volume is achieved by the
addition of unlabeled MB in a quantity sufficient to total
Table 4. Empirical and Theoretical Ambient Dose Rates

Activity
depth, cm

99mTc (uGy/h
at 1 foot)

125I (uGy/h
at 1 foot)

125I/99mTc
ratio, %

2 2.11 2.02 95.70 MADR

2 2.39 2.72 114 PADR

4.2 1.69 0.66 39 MADR

4.2 1.72 0.88 51 PADR

6 1.41 0.26 18.40 MADR

6 1.31 0.35 26.70 PADR

Attenuation of iodine-125 (125I) by human fat (simulated by superflab) as
a function of the isotope’s depth in tissue.
MADR, measured ambient dose rate; 99mTc, technetium 99m; PADR,
predicted ambient dose rate.
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5 mL. The product is always available on site and does
not require a nuclear pharmacist to prepare. Second,
the 125I-MB requires a single injection rather than 2 sepa-
rate injections. There is no preoperative injection when
the patient is awake. Third, 125I-MB is rapidly absorbed
by the lymphatics after its injection. The radiolabeled
blue dye product is seen in the axilla in the time it takes
for the surgeon to scrub and the patient to be prepared
and draped (between 5 and 15 minutes). This compares
favorably with the lymphatic transit time of 99mTc-sulfur
colloid, which is usually cited as 2 hours in most SLN
studies. Finally, when the radiopharmaceutical’s gamma
energies are compared, the ambient dose rates are signif-
icantly lower using the 125I product because the 30-keV
photons produced by 125I are better attenuated by breast
tissue. Although both isotopes have very similar dose rates
in air (mGy/MBq or mR/mCi), the dose rate from 125I
drops off rapidly in tissue, resulting in a substantial reduc-
tion in the ambient radiation dose rate to which the
surgical team is exposed. Although the 125I blue dye
protocol uses twice as much activity (37 MBq 125I vs
18.5 MBq 99mTc), the ambient dose rates are up to
81% lower for 125I at depths of 6 cm. These differences
are important because axillary lymph nodes are typically
found at a median depth of 4.3 cm (range 1 to 8 cm)
and the breast provides 2 to 6 cm of attenuating tissue
between the source and the surgical team.11

Another benefit of 125I-MB is the small “radioactive foot-
print” it creates. A common problem seen when injecting
the 99mTc-labeled product into the upper outer quadrant
of the breast is the production of a large zone of an elevated
ambient dose rate. Because 125I is well-attenuated by human
fat, the ambient dose rates are much lower, allowing for
better localization of the SLNs. In comparison, 99mTc sulfur
colloid is poorly attenuated by human fat, providing
a much larger radioactive footprint. The elevated back-
ground “bleed through” from 99mTc contained in breast
tissue into the axilla can considerably hinder the identifica-
tion of low-activity sentinel nodes. Optimal surgical node
or tumor localization techniques require the reduction of
radioactive “noise,” or background radiation. Limiting
background radiation improves the signal-to-noise ratio,
enhancing the sensitivity and specificity of the technique.
The removal of background noise is typically accomplished
by “squelching” the gamma-detecting system, which
decreases the sensitivity of node detection and prevents
the identification of sentinel nodes with count rates at or
near the noise. Of the nodes that could be evaluated in
our original studies, the 125I signal-to-noise ratio averaged
9.52 to 1. Our data show that sentinel nodes in
our 125I-MB study can be identified and isolated at very
low activity levels because of their high signal-to-noise
ratio.4,5 Sentinel lymph node identification via 125I-MB
compares favorably with the traditional method of SLN
localization via 99mTc sulfur colloid and blue dye. Various
studies report a success rate with 99mTc sulfur colloid
method between 87% and 97%, and a mean number of
nodes identified per patient ranging from 2 to 2.6.12-15

SLN identification with 125I-MB yielded a 94% success
rate and a mean number of sentinel nodes per patient of
1.8 � 1.3.
CONCLUSIONS
Iodine-125 methylene blue identification of SLNs has
been shown to be highly effective and essentially equiva-
lent to traditional SLNB techniques. This technique is
safe and offers considerable logistical advantages that
can improve hospital efficiency. Finally, patient satisfac-
tion is higher with this technique than with the tradi-
tional 99mTc sulfur colloid procedure, considering that
all injections required for the accurate identification of
SLNs are performed when the patient is heavily sedated
or anesthetized. Substantial improvement in operating
room and nuclear medicine scheduling makes this new
approach to SLNB an attractive alternative to the tradi-
tional technique.
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Discussion

DR KELLY McMASTERS (Louisville, KY): I have several ques-
tions. First, you used 125I methylene blue dye. This may be fine
for most peritumoral and subareolar injection techniques, but
skin necrosis is a recognized complication of methylene blue dye

injected into the skin. In fact, you had 1 patient who experienced
skin sloughing. So why methylene blue dye, which may be safe for
most breast cancer applications but certainly not for melanoma?

Second, you suggest that 125I methylene blue can be injected in
the operating room and has favorable transit time compared with
technetium sulfur colloid, but you present no comparative data

regarding transit times. Because Dr Suzanne Klimberg and others
have shown that intraoperative injection of technetium sulfur
colloid is feasible, how does that affect the rationale for your tracer

agent? Certainly the need to give Lugol’s solution perioperatively to
protect the thyroid is a relative drawback to your technique.

Third, how easy is it to find the sentinel lymph node (SLN) with
the 125I methylene blue? How radioactive are the SLNs compared

with background? These data would be very helpful. You failed to
identify SLN in 4 of 62 patients (6%); these patients underwent
axillary dissection. We showed more than a decade ago that dermal

injection of radioactive technetium sulfur colloid results in nearly
100% SLN identification. I would submit that it is no longer
acceptable to fail to find SLNs. In fact, I no longer even discuss

with the patients that they may need an axillary dissection if I
can’t identify an SLN, because I haven’t had this happen for
more than a decade. So convince me that your tracer agent makes

it just as easy to identify SLNs as the traditional agents. I suppose
the real question is: “Do we really need a better mousetrap if the
old one always catches the mice?”

DR JOHN BELL (Knoxville, TN): The authors are to be congrat-

ulated for searching for improved, cost-effective, and novel ways to
safely and effectively identify sentinel lymph nodes in breast cancer
patients here in the United States and abroad. Considering there

are approximately 225,000 new invasive breast cancer cases annu-
ally in this country, there is a considerable patient population
that could be affected by this evolving technology.

My first question involves an exhaustive intricate description of
the regular pharmacokinetics of the 125I-labeled methylene blue in
your paper. How did your group come to the decision that a positive
sentinel node would be defined as a count of 10 counts per second?

The paper describes a count of zero background on the thigh of 10
patients. And that, to me, does not arbitrarily define a positive
sentinel node.

The Society of Nuclear Medicine reported that about $132
million in the year 2006, which is the last year for which data
are available, was spent on repeat imaging for poor-quality nuclear

studies in this country in Medicare beneficiaries. This does not
include the expenses associated with privately insured patients or
non- or underinsured patients. What quality measures do you

have in place, and will you recommend going forward, not to
add further to this financial burden?

You did not report any costs or charges for this procedure. What
were the costs or charges, and how do these costs or charges

compare to the standard for most surgeons today, which is either
blue dye, with or without radiolabeled technetium sulfur colloid?

All these patients were instructed to take thyroid-protective doses

of Lugol’s solution preoperatively and postoperatively. How do you
plan to follow these patients long-term, say 10 to 20 years, to identify
potential thyroid-related toxicity?

Because this is a single-institution study of 62 women in a phase
II trial, what are your plans for multi-institutional phase III trials
going forward and/or comparison to other emerging technologies,
such as the use of carbon-labeled nanoparticles, as reported in the

Chinese literature?
There are at least 20 states that do not regulate the training and/

or certification of nuclear medicine technologists or physicians who

deal with radiopharmaceuticals. How do you plan to deal with this
if the technology is to achieve widespread applicability?

Finally, I would ask the authors to comment on the fact that in

this study, more than 50% of the patients had primary tumors that
were either multiple or had a size of 2.1 cm or greater. Although
controversial, most people in this audience are aware that there

are reports that suggest sentinel node technology be limited to
tumors �2 cm, and not be multiple.
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