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Abstract

Lymphoseek is a receptor-binding radiopharmaceutical specifically designed for sentinel lymph
node (SLN) mapping. We conducted a clinical trial which measured the injection site clearance
and sentinel lymph node accumulation after a single intradermal injection of Lymphoseek or
unfiltered [*9™Tc]sulfur colloid (TcSC) using a “2-day” protocol for SLN mapping of breast
cancer. Eleven patients with breast cancer participated in this study. Five patients received an
intradermal administration of 1.0 nmol of ¥™MTc-labeled Lymphoseek; SLN mapping was
performed on four subjects within 19 to 27 h. Six subjects received an intradermal administration
of TcSC; SLN mapping was performed on five subjects within 18 to 26 h. Lymphoseek exhibited
a significantly (P<.001) faster injection site clearance than TcSC. The mean Lymphoseek
clearance half-time was 2.18+1.09 h compared to 57.4+92.8 h for TcSC. The mean sentinel lymph
node uptake of Lymphoseek (1.5+1.7%) and TcSC (3.5+3.1%) was statistically equivalent (P=.
213). When an intradermal injection is employed, Lymphoseek demonstrated faster injection site
clearance than unfiltered [®*™Tc]sulfur colloid and persistent SLN accumulation for at least 24 h.
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1. Introduction

Lymphoseek is a receptor-binding radiopharmaceutical specifically designed for the
mapping of sentinel lymph nodes (SLNs). Based on a multivalent strategy [1], Lymphoseek
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exhibits a high affinity for a lymphoid-specific receptor [2], which provides sustained SLN
uptake without distal lymph node accumulation [1,3]. In women with breast cancer,
Lymphoseek demonstrated significantly faster injection site clearance and equivalent SLN
accumulation than filtered technetium99-labeled sulfur colloid, with no adverse events or
clinically significant changes in clinical and laboratory values [4]. These findings were
confirmed at the 5-nmol dose level [5] in patients with breast cancer and melanoma [6].

In this article, we compared the injection site clearance and sentinel lymph node
accumulation after a single intradermal injection of Lymphoseek or unfiltered [*°™Tc]sulfur
colloid for SLN mapping of breast cancer. This study was designed to determine the ability
of Lymphoseek to remain within the sentinel lymph node for the time period required for a
“2-day” mapping protocol [7], which is typically 15 to 24 h after administration and utilizes
unfiltered [*9™Tc]sulfur colloid.

2. Materials and methods

2.1. Patient enrollment

Eleven female patients with breast cancer who would normally be offered sentinel lymph
node biopsy as per University of California, San Diego guidelines participated in this study.
We entered women with at least one of the following criteria: (1) over 60 years old, (2)
having a nonpalpable lesion or (3) having an upper-outer quadrant lesion. The need to have
completion axillary node dissection was determined by pathologic outcome of the sentinel
node and did not affect this study. Consenting subjects were randomly assigned to one of
two groups: Lymphoseek or unfiltered [%*™MTc]sulfur colloid. Both groups employed a 1.0-
mCi dose and a 2-day mapping procedure. Pregnant and lactating females, patients with
known metastatic disease and patients currently enrolled in another protocol were excluded
from this study. The subjects ranged in age from 58 to 74 years (Table 1). Lesion size
ranged from 0.1 to 4.5 cm. Four sentinel lymph nodes from three subjects were positive on
frozen section.

The protocol received the consent of the Division of Medical Imaging and
Radiopharmaceutical Drug Products of the US Food and Drug Administration as an
Investigational New Drug under the sponsorship of the Neoprobe Corporation (Dublin, OH,
USA). The protocol and the informed consent form were approved by the UC San Diego,
Office for Human Research Protection, the Moores UC San Diego Cancer Center Protocol
Review Monitoring Committee and the UCSD Human Exposure Review Committee.

2.2. Agent preparation

Lymphoseek was synthesized [1] and radiolabeled [8] as previously described. This study
used the same Lymphoseek preparation as our Phase | breast cancer [4,5] and melanoma
trials [6]. The mean molecular diameter was 7.0 nm and the average molecular weight was
28,200 g mol~L. The average DTPA and mannose densities were 2.1 and 42 mol mol~1 of
dextran, respectively. The mean Lymphoseek radiochemical purity was 97%.
Technetium-99m-labeled sulfur colloid (CIS-US, Bedford, MA, USA) was prepared by a

Nucl Med Biol. Author manuscript; available in PMC 2014 October 18.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Wallace et al.

Page 3

commercial radiopharmacy. All radiopharmaceutical preparations were administered within
2 h of preparation.

2.3. Nuclear imaging

Each patient received a single injection (0.1 ml) of Lymphoseek (1 nmol) or unfiltered
[#°™Tc]sulfur colloid above the lesion using an intradermal technique [9-11]. The
administration site was massaged for several minutes. Each subject was monitored for any
sign of an allergic reaction such as the occurrence of rash, hives, edema or other cutaneous
manifestations.

Nuclear imaging of the Lymphoseek or unfiltered [®°™Tc] sulfur colloid employed the same
imaging protocol. Images of the injection site were acquired immediately after the injection
and at 15-min intervals for 2 h. An imaging standard of a known dilution and volume of
injectate was placed within the field-of-view. All images were acquired (256x256x16) for 3
min and stored on an image processing computer. The injection site clearance rate constant
ke and half-life T, of Lymphoseek and unfiltered [**™Tc]sulfur colloid were calculated using
decay-corrected counts obtained from the nuclear images of the injection site [4]. Regression
lines that resulted in positive slopes were assigned a k. of 0 h™. The purpose of the
scintigraphy was to measure the injection site clearance rate and not to identify the sentinel
lymph node or guide the intraoperative search.

2.4. Sentinel lymph node detection and measurement

Sentinel lymph node biopsy was performed utilizing standard technique. At the start of the
surgical procedure, isosulfan blue (Lymphazurin 1%, US Surgical Corp., Norwalk, CT,
USA) was injected at the 3-, 6-, 9- and 12-0’clock positions (1 ml per position) surrounding
the lesion. The administration site was massaged for several minutes. Also, during this time
a handheld gamma probe (Neoprobe 2000, Neoprobe Corp., Dublin, OH, USA) was used to
localize the sentinel lymph node. Scintigrams were used to guide the search. After marking
the skin at the highest count rate, the patient was prepped and an incision was made at the
marked location. With the aid of the gamma probe the dissection was carried out to the
lymph nodes that were radioactive or blue. The lymph node was isolated, removed and
placed on the tip of the gamma probe for radioactive counting. A background measurement
was made by placing the tip of the gamma probe perpendicular to the skin surface at least 20
cm from the administration site. Finally, the gamma probe was placed back within the nodal
basin to ensure no significant residual radioactivity remained. Sentinel lymph nodes were
defined by having a node-to-background ratio of at least 10:1. Verification that the node
contained radioactivity at least 10 times background was performed before sending it to
pathology. Frozen section analysis was then performed to identify metastases. If the sentinel
node was histologically positive, the lymph node dissection was completed.

All lymph nodes and injection standards were assayed for radioactivity using a dose
calibrator located adjacent to the operating room. The percent-of-injected dose (%ID) in
each lymph node was calculated as previously described [4].
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2.5. Subject monitoring

Vital signs and EKGs were obtained before Lymphoseek and unfiltered TcSC administration
and at 15, 30, 45, 60 and 120 min post-administration. Samples for urinalysis, CBC with
differential and platelet counts, and a blood chemistry panel were acquired at the
preoperative anesthesia appointment (baseline) and again just prior to surgery.

2.6. Statistical methods

For the measures k., T, and %IDgy, statistical significance was evaluated by planned
comparisons of each molar dose of Lymphoseek to the unfiltered [#9™Tc]sulfur colloid
control group using the nonpaired Students t test (JMP software, SAS Institute, Cary, NC,
USA). Changes in clinical laboratory tests before and after administration of Lymphoseek or
[9°™Tc]sulfur colloid were conducted using the Wilcoxon rank sum. Our analysis of the
clinical laboratory tests combined the 11 subjects reported here and the 10 subjects reported
in an earlier study [12]. A two-tailed P value of less than .05 was considered statistically
significant, with no correction made for multiple comparisons.

3. Results

Table 1 lists the subject number and age, tumor diagnosis, size, stage and location. Also
listed in this table are the agent and the amount of radioactivity administered. Table 2 lists
the subject number, radiopharmaceutical, the injection site clearance rate constant and half-
life, as well as the time interval from injection to SLN excision. Also listed is the probe
count rate after excision of each SLN. The entry for Subject 3, injected with Lymphoseek,
contains a zero, indicating that the second lymph node was detected by blue dye and not by
radioactivity.

Lymphoseek exhibited a significantly (P<.001) faster injection site clearance than unfiltered
TcSC. The Lymphoseek rate constant k. ranged from 0.220 to 0.599 h~1, and the TcSC rate
constant ranged from 0.000 to 0.045 h™L. The mean Lymphoseek clearance half-life (Table
3) was 2.18+1.09 hr (n=5) compared to 57.4+98.7 hr for unfiltered TcSC (n=6). The mean
sentinel lymph node uptake for Lymphoseek (1.5+1.7%) and unfiltered TcSC (3.5+3.1%)
was statistically equivalent (P=.277). The number of Lymphoseek and unfiltered TcSC
subjects used to make this comparison was 4 and 5, respectively. One subject in the
Lymphoseek group was injected with filtered TcSC when the lymphoscintigraphy of the
following morning did not detect a sentinel lymph node. One subject’s (no. 2) surgery was
cancelled the day of surgery due to a worsening upper respiratory infection. Fig. 1
demonstrates the clearance of radioactivity from the injection site of two sentinel node
cases: Lymphoseek (diamonds, Subject 5) exhibited a half-life of 1.16+.10 h; unfiltered
[9°™Tc]sulfur colloid (circles, Subject 8) exhibited no discernable clearance from the
injection site. Fig. 2 is a lateral image acquired 21 h after a 1-nmol (1.0 mCi) injection of
Lymphoseek (Subject 5). The sentinel node (arrow) was excised 27 h postadministration; it
accumulated 1.9% of the dose. The gamma probe registered 1011 cps. Fig. 3 is an anterior
image, acquired 22.3 h after a 1.2-mCi injection of unfiltered [Tc®™]sulfur colloid (Subject
8) detected three sentinel node (arrows). Four SLNs were detected with the handheld gamma
probe and removed 24.7 h postadministration. The primary SLN (lowest arrow) registered
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7100 cps on the gamma probe and accumulated 7.52% of the dose; it was positive for
metastatic disease.

There were no adverse events that could be attributed to either radiopharmaceutical. One
subject exhibited a Grade 3 hematologic adverse event, no Grade 4 hematologic adverse
events occurred on this study and four nonhematologic adverse events occurred. The Grade
3 hematologic event consisted of an increase in glucose and GGT levels just prior to
surgery. The subject (no. 11) was a diabetic; vital signs remained stable over the course of
the observation and scanning. Four nonhematologic events occurred. One subject (no. 6)
noted mild left shoulder pain 1.5 h after receiving a Lymphoseek injection in the left breast;
this resolved spontaneously by the next morning. Another subject (no. 1) experienced a mild
increased heart rate during the first 30 min after injection of unfiltered TcSC. Subject 11
developed a Grade 3 super ventricular tachycardia (SVT) on postoperative Day 3, which
was successfully managed medically; this subject had a past history of SVT. She was later
evaluated and treated with ablation therapy. Subject 2 received unfiltered TcSC the day prior
to her scheduled surgery; her surgery was cancelled the next day due to a worsening upper
respiratory infection.

None of the laboratory values were considered clinically relevant as they represent changes
in nonfasting and fasting time periods, and sometimes after the induction of general
anesthesia. There were changes in laboratory values between pre- and post-agent
administration that reached statistical significance. Both Lymphoseek and unfiltered TcSC
groups showed a statistically significant decrease in bicarbonate concentration and platelet
count, and an increase in SGOT, LDH, total bilirubin and pH. The Lymphoseek group
exhibited a decrease in total protein and MCHC, and an increase in albumin concentration,
MCV and MPV. The unfiltered TcSC group exhibited a decrease in BUN, calcium
concentration, triglyceride concentration, monocyte count and EOS count. All subjects
received the same amount of Lymphoseek.

4. Discussion

This study was designed to assess the ability of Lymphoseek to detect sentinel lymph nodes
after a prolonged interval between administration and mapping. We also compared the rates
at which Lymphoseek and unfiltered TcSC clear the injection site after a single intradermal
injection to the breast. The 2-day mapping procedure performed with Lymphoseek provided
equivalent sentinel lymph node accumulation as unfiltered [9¥MTc]sulfur colloid, with an
equivalent mean number of SLNSs per study.

The clinically significant aspect of this work is the demonstration that Lymphoseek’s
sentinel lymph node accumulation can persist up to 24 h after administration. A rapid egress
of radioactivity from the sentinel lymph node could prevent this feature. This could occur by
at least four processes. The first, and least likely, would be a loss of the technetium label
within the SLN, with the resulting transport of a new labeled molecule out of the lymph
node. Second, the reticuloendothelial receptor could bind Lymphoseek with an affinity that
is significantly lower than what was measured in vitro [1], which would prevent
internalization and result in a delayed egress from the SLN. Third, lysosomal catabolism of
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Lymphoseek could occur within the SLN, with the subsequent release of small Tc-99m-
labeled metabolites back into the lymph channel. Fourth, the receptor could recycle back to
the cell surface from the lysosome and release Lymphoseek into the lymph and eventually
exit from the lymph node. Based on the documented biologic behavior of Tc-99m-labeled
galactosyl-human serum albumin-diethylenetriamine-pentaacetic acid [13], which binds to
its target cell via a similar mechanism and is technetium-99m labeled via DTPA chelation,
we expected all of these processes to have a minimal effect on SLN retention.

The extended interval between administration and mapping provided by the 2-day protocol
enabled both radiotracers to achieve higher primary sentinel lymph node accumulation. A
protocol using a single intradermal injection of Lymphoseek [12] in five breast cancer
patients produced a percent-of-injected dose of 1.1+0.5% when the time interval ranged
from 3.4 to 6.1 h. This was lower, but not statistically significant (P=.76), than the 2-day
protocol where the sentinel lymph node uptake was 1.5+1.7% and the time interval ranged
from 19.4 to 27.1 h. Sentinel lymph node uptake of filtered TcSC [12] was 2.5+4.9% when
the uptake time interval ranged from 3.5 to 7.3 h. This was lower than 3.5+3.1%, the uptake
achieved by unfiltered TcSC when the uptake time interval ranged from 18.0 to 25.9 h.
Although noteworthy, the increase in colloid SLN accumulation achieved by the 2-day
protocol was not statistically significant. This is mainly due to the high biological variation
in subject lymphatic flow and function.

The demonstration of rapid injection site clearance compared to TcSC, yet equivalent
sentinel lymph node accumulation, is consistent with previous Lymphoseek trials [4,6] and
the design of the radiopharmaceutical [1]. With the goal of producing a sentinel lymph node
agent that rapidly clears the injection site, we designed Lymphoseek to enter both the blood
capillaries and lymph channels. Consequently, although a high percentage of the dose clears
the injection site over a given time interval, the same amount of Lymphoseek does not
appear in the sentinel lymph node. A high fraction of the Lymphoseek dose leaves the
injection site via the blood capillaries and localizes in the liver and urinary bladder.

This work is the first report of the injection site clearance rate of unfiltered TcSC. The mean
of 0.012 h™1 includes four of the six studies with clearance rate constants of 0 h™1. This
accounts for the high relative error of £167%. The clearance rate constant of filtered TcSC
[12] using the same injection protocol exhibited a mean and standard deviation of 0.029
+0.021 h™L. The lowered relative error of +72% occurred because only one of five studies
was assigned a zero clearance rate due to a positive slope in the time—activity curve.
Although the mean value of k; for unfiltered TcSC was half the value of filtered TcSC, the
difference was not statistically significant (P=.255) due to the very high number of
measurement errors resulting from the linear regression of time—activity data with very
shallow slopes (Fig. 1).

The purpose of a Phase | clinical trial of a new radiopharmaceutical is to obtain a
preliminary assessment of safety for a given injection route. Our implementation of a single
0.1-ml intradermal injection protocol was different from our initial Phase I study [4] which
utilized four 1-ml peritumoral injections at 3-, 6-, 9- and 12-0’clock positions. Because we
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used a different injection route than the previous study, we considered this protocol a Phase
I trial and duplicated the biodistribution and safety measurements.

The small scale of a Phase I clinical trial imposes certain limitations. These studies are not
powered to detect small differences in biodistributions between groups or agents. This is
especially true when the distributions have wide dispersions. The biologic variation in
sentinel lymph node accumulation is extremely high [14]. Consequently, a larger Phase Il or
I11 trial will be required to demonstrate differences between sentinel lymph node
accumulation of Lymphoseek and the current agents.

This study and a previous Phase | trial [12] employed entrance criteria designed to enroll
subjects where there is likely to be more difficulty in identifying SLNs. These subjects are
over 60 years old, have nonpalpable tumors or have upper-outer quadrant lesions. One
Lymphoseek study [6] was terminated when at 16 h postinjection a sentinel lymph node was
not visualized. A hot blue sentinel node was identified after peritumoral injections of
unfiltered TcSC and Lymphazurin. This subject was 71 years of age, with a nonpalpable
tumor in the upper outer quadrant, which is a situation that has the highest probability of
poor lymphoscintigraphic visualization [15].

5. Conclusion

The sentinel lymph node accumulation of Lymphoseek persists for at least 24 h
postadministration, which will permit 2-day SLN mapping of breast cancer.
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Fig. 1.
Clearance of radioactivity from the injection site of two sentinel node cases: Lymphoseek

(diamonds, Subject 5) exhibited a half-life of 1.16+0.10 h, and unfiltered [*®™Tc]sulfur
colloid (circles, Subject 8) exhibited a clearance curve with no discernable slope.
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Fig. 2.
An image (lateral projection) acquired 21 h after a 1-nmol (1.0 mCi) injection of

Lymphoseek (Subject 5). The sentinel node (arrow) was excised 27 h postadministration; it
accumulated 1.9% of the dose. The gamma probe registered 1011 cps.
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Fig. 3.

Ar? image (anterior projection) acquired 22.3 h after a 1.2-mCi injection of unfiltered
[Tc®9M]sulfur colloid (Subject 8). Three sentinel lymph nodes (arrows) were detected. Four
SLNs were excised 25.6 h postadministration. The primary SLN (lowest arrow) accumulated
7.52% of the dose and was positive for metastatic disease. The activity at the upper left
corner is the imaging standard.

Nucl Med Biol. Author manuscript; available in PMC 2014 October 18.



Page 12

Wallace et al.

"pauIjoap UoNaassIp Asejjixe lind,
‘Adesayy Em>:.€m8c.ymon_g
"U0NOBSSIP ATe]1Xe/NIS/eANISOd,,

"pareuIwIs) Apnis ‘1S ‘DSIL ‘NS Ul BWOUIDIE [B19Ng ‘SIDd

00T 2S9L €0 0ONY  XINONSIL 80 s10d 9 T
€60 feesoydwA] 7/0 OINT  XINONOTL 971 [E3oNp dAISeAU] o 01
€6°0 easoydwA o9 donT  XWEINZL € 1eInqo] pue [e1onp paxin 85 6
07T 2S9L €2/5/2 071  XWINZL € S10Q pue fejngoj pue [exonp paxiw Buiajoau 6L 8
00T 2SoL T/0 00711 XW(ONZL ¥4 1e|ngoj aniseAu| 99 L
00T BesoydwA 1S doN1  XINONATL 0T SI10Q [0} pUE [EIONP BAISBAU] L 9
00T ssoydwA T/0 Oon1 XINONTL 10 s10a 69 g
060 2801 T/0  OIT XINONITL 0C S10d [2004ININ 15 4
86'0 >feasoydwiA 8/0 dONT  XWONerL qV0/S" Je[nNgoj pue [e1onp paxIiw SAISeAU] vl )
¥9°0 2591 1S dINd  XINONTL > S10Q aAIseAu] 19 z
S6°0 2891 6T/T/T  OINY  OWIWNTL €T [esonp Buresyu| 85 T
(1ow) aso@ dy aus abels  (wo) azis sisoubelg  (saeeh) aby  ‘ou198lgns
[eonnaoew.eydoipey OUeSMIEIS NS ABojoyred pue 108lgns
Arewuwns [eannadsewseydolpel pue 19algns
Talqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Nucl Med Biol. Author manuscript; available in PMC 2014 October 18.



Page 13

Wallace et al.

NIH-PA Author Manuscript

J04 10N
11Ny
*an|q Jo Ho_._o
‘an|q Jo 1o

19.4010H,
.o.mﬂ:mm_\,_m

86°0 'S vz 0000 2891 T

2290 2900 69°€ v'6T  9Z0FIT'E  T80°0¥02C0 easoydwA] o1

120 L'vZ TL0FS8Z  T90'0FEVZO aasoydwA] 6

06€T 9,0 L0 5L 96z 000°0 2991 8

8e'e 6'GZ 88IFESZ  0Z0°0FL200 2891 L

1S 8T0¥62C 22000620 aasoydwA 9

G8'T T/Z OTOFITT  €S0°0¥6650 YeasoydwA g

500> 96z 6TFST  900°0¥SK0°0 2891 4

p00 ST'0 80z SG0F06C  SYO'OFEEZO @8soydwiA £

1s 0000 2891 z

oT'T 08T 0000 2891 T

(%) Uy (%) pag (%) puz (%) 1sT
(u) wn w31 (- >
NSQI9% UOISIOXT  ajlljleH  JUBISUOD aley
g®texdn spou ydwiA| jsunuss gRouRIes)d as UoNABMUI  eapnagewseydoipey  -ou j0elgns

¢ ?olgel

NIH-PA Author Manuscript

aye1dn apou ydwA| [aunuas pue aguees|d a1Is uondaluj

NIH-PA Author Manuscript

Nucl Med Biol. Author manuscript; available in PMC 2014 October 18.



Page 14

Wallace et al.

NIH-PA Author Manuscript

*AJUo apou [aunuas me_Eo

*3 JUB)SUOD B1RJ BY) UO paseq

LLT 100>
TE¥SE S 8'C6F1'LS
LT¥G°T 14 60°'T+81°C

q
'Q'SFUBSIN,
anjen d
9 PI0]0d InyNs[91 ] 14
S MaasoydwA T

(90) ,N°A1% (‘ou) saipms (w) Qu._. ajll-3leH

(3-4) ™1 JUEISU0D YRy

(‘ou) saipms

apou ydwA| jaunuss

aouedes|o alis uonnoafu]  eonnaseweydoipey  dnouo

€9l|qel

NIH-PA Author Manuscript

aye1dn apou ydwA| [aunuas pue aguees|d a1Is uondaluj

NIH-PA Author Manuscript

Nucl Med Biol. Author manuscript; available in PMC 2014 October 18.



