
99mTECHNETIUM LABELLED VASOACTIVE INTESTINAL PEPTIDE
ANALOGUE FOR RAPID LOCALIZATION OF TUMOURS IN HUMANS

M.L. THAKUR1, C.S. MARCUS2, S. SAEED3, V. PALLELA1, C. MINAMI4,
L. DIGGLES2, H.L. PHAM2, R. AHDOOT2, E.A. KALINOWSKI2

1 Department of Radiology, Thomas Jefferson University,
Philadelphia, Pennsylvania, United States of America

2 Division of Nuclear Medicine, Harbor-UCLA Medical Center, X A 0 1 ° 1 0 4 6

Torrance, California, United States of America
3 Division of Oncology, Harbor-UCLA Medical Center,
Torrance, California, United States of America

4 Department of Pharmacy, Harbor-UCLA Medical Center,
Torrance, California, United States of America

Abstract

In recent years, imaging tumours with receptor specific biomolecules has been the focus of
increasing interest. VIP has a high affinity for specific receptors that are expressed in high density on a
large number of malignant tumours. VIP was modified (TP 3654) without compromising its biological
activity, and labelled with 99mTc. Pharmacokinetics and feasibility studies were performed in three
normal volunteers and 11 patients with a history of cancer. Imaging was performed for up to two h
post-injection. Within 24 h after injection of 99mTc-TP 3654 (10-15 mCi/5 ug), approximately 70% of
the tracer cleared through the kidneys, and 20% through the liver. Blood clearance was rapid. No
adverse reaction was noted in any subjects. All known tumours were clearly delineated within 20 min.
Findings were compared with the results of 99mTc-MIBI, CT, MRI, or histology. There was
concordance in nine patients. In the other two, only the VIP scan was positive for tumours known to
express VIP receptors. The early results of imaging tumours with 99mTc-VIP are promising and
warrant further studies.

1. INTRODUCTION

Vasoactive Intestinal Peptide is a 28 amino acid peptide first characterized more than a
quarter of a century ago. A neuroendocrine mediator with a broad spectrum of biological
activities, VIP stimulates secretion of various hormones and promotes growth and
proliferation of normal and malignant cells. The action is mediated by cell surface membrane
receptors, VIPRi and VIPR2, which are expressed in much higher density on tumour cells of
breast, prostate, colorectal, pancreas, brain, sarcomas and carcinoids, to name a few, than on
normal cells [1].

VIP labelled with 123I (tx/2-13.3 h, y-159 KeV-84%) was given intravenously to cancer
patients and all known and unknown lesions were detected by scintigraphic imaging [2].
123Iodine, however, is a cyclotron produced, relatively expensive radionuclide with limited
availability, and must be ordered days ahead of the examination. The radiolabelling chemistry
is also such that it requires HPLC purification and two to three hour preparation time. This is
inconvenient and further limits its utilization. Imaging is performed two to three hours later.

99mTc, on the other hand, not only has excellent physical characteristics (XVor-6 h,
140 KeV, 90%) for scintigraphic imaging but is also inexpensive and available throughout the
world via a 9Mo generator system. We have modified VIP (TP 3654) that permits us to
rapidly label the peptide with 99mTc without compromising its biological characteristics or
receptor specificity [3]. This study was undertaken to examine its pharmacokinetics [4] and to
determine the feasibility of using 99mTc-TP 3654 as an agent for imaging tumours in humans.
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2. MATERIALS AND METHODS

In order to be able to label VIP with 99mTc, the peptide was modified at the C-terminus
by the addition of four amino acids. Of these, Gly30-(D)-Ala32-Gly31-Gly33 (GAGG), served as
a chelating moiety for strong chelation of 99mTc and Aba29 (4-amino butyric acid) as a spacer
to minimize steric hindrance. The entire 33 amino acid peptide was synthesized, purified,
characterized by mass spectroscopy, and named TP 3654 [3].

Ten |ag of TP 3654, together with 25 ug SnCl2.2H2O and 400 uL of 0.05 M Na3PO4

solution were lyophilized and stored under N2 at -80°C. At the time of preparation
approximately 30 mCi 99mTc in 0.5 mL of 0.9% NaCl was added and incubated at 22°C for
30 min. To the solution was then added 1 mL of 0.05 M NaH2PO4 solution, followed by the
addition of 0.25 mL ascorbic acid (250 mg/mL). Routine quality control tests were performed
[3]. Following approval from the Institutional Review Board and the Radioactive Drug
Research Committee, three normal volunteers and eleven patients with a history of cancer
were enrolled in this study. Each individual was given, intravenously, approximately 10 mCi
99mTc-TP 3654 (11 x 103 Ci/m mol) and serial spot views and/or whole body images were
then obtained for up to two hour post injection. The vital signs of each patient were
monitored. Scans were called positive when 99mTc-TP 3654 uptake in lesions exceeded
radioactivity in the adjacent tissue. Findings were compared with the results of 99mTc-MTBI,
computerized tomography (CT), magnetic resonance imaging (MRI) or histology.

3. RESULTS

The lyophilized kits were stable, and unbound 99mTc and colloid formation was less than
3%. No adverse reactions or changes in vital signs were noted in any of the subjects. Over a
24 h period, in the three normal volunteers, approximately 70% of the injected dose was
eliminated in urine and 20% cleared through the liver [4]. Blood clearance of the tracer was
rapid. Whole body images for up to 2 h post injection showed tracer uptake in the bladder,
kidneys, and gallbladder, as well as faint uptake in the liver, spleen, and lungs [4].

The eleven patients were comprised of five patients with breast cancer, one with
osteosarcoma, one with a history of colon cancer, one with spindle cell sarcoma in the neck,
one with bowel obstruction due to an hemangiopericytoma, one with numeral spread of
adenocarcinoma, and one with a small nodule in the left lung from a clear cell cancer of the
uterus. Eight patients had positive scans within 20 min of injection. These results
corroborated well with the findings of CT, MRI, 99mTc-SestaMIBI (SMM) scans, and/or
histopathology. There was a normal VIP scan in a patient with previously removed colon
cancer and no evidence of recurrence. One patient with a small left lung nodule seen by CT
had a normal VIP scan, possibly due to small size of the nodule. One patient with right breast
hyperplastic ductal epithelium with atypia had a normal 99mTc-MIBI scan as well as normal
99mTc-VIP scan. A 42 year old female with a history of right breast cancer, followed by
mastectomy and silicon implant presented with left breast mass suspicious for malignancy.
Because of dense tissue in the left breast, the mammogram was difficult to evaluate. SMM
was normal, but ^Tc-VEP showed a large area of increased uptake. Biopsy revealed that it
was ductal epithelial hyperplasia, which is known to express VIP receptors [1].
Autoradiographic studies of the biopsy tissues showed intense uptake of ^Tc-VIP in the
ductal region, but not in the connecting tissue. The high grade spindle cell sarcoma was
normal on the 99mTc MIBI scan, but intensely positive on the 99mTc-VIP scan. The history,
diagnosis, and findings from ^Tc-TP 3654 studies of the eleven patients are given in Table I
and two specific examples are described in Figs 1 and 2.
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FIG. 1. A 42 YO female with prior L mastectomy presented with recurrence in the R breast
99mnand L operative site. The lateral images with mTc-SestaMIBI at the far left show uptake in

the chest wall and R breast (arrows). The images in the middle and at the far right are the left
99m n

and right lateral views obtained at 15 min and 1 h post injection of "'Tc-VIP. The same
lesions perhaps with better intensity than the corresponding
seen (arrows).
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FIG. 2. A 20 YO female with a history of neurofibroma of the brain in childhood presented
with a mass in the left neck evident for one month. Her mTc-MIBI scan (centre) was
negative. Bone scan (right) showed faint blood pool. However, "" 'Tc-VIP scan (left) showed
unequivocally positive uptake (arrow). Immunohistology of the lesion showed that it was a
high grade spindle cell sarcoma.
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TABLE I. SCINTIGRAPHIC RESULTS WITH 99mTC-VIP AND FINAL DIAGNOSIS

Patient No.

1/AO

2/PC

3/GT

Age

44

42

42

Gender

F

F

F

yymTc-VIP Results

L breast positive

R breast positive

L chest wall positive

R breast positive

L breast positive

History and Diagnosis

Bilaterally positive mammography and positive SMM 6 weeks previously. Lesions
of the same shape and size as 99mTc-VIP.

L breast mastectomy for cancer. Presented w/recurrence in L chest wall and R
breast. SMM positive for L chest wall and R breast. Lesions same shape and size
with 99mTc-VIP.

R breast mastectomy for cancer followed by silicon implant. Presented w/L breast
palpable mass with ductal epithelial hyperplasia. Mammography was difficult to
evaluate. SMM normal.

4/SS 39 F L breast positive

R breast positive

R breast cancer treated w/surgery, chemo- and radiotherapy. Mammography
showed mass in R breast. SMM showed L breast mass and faint R breast uptake.
99nlTc-VIP showed L breast uptake and greater R breast uptake than SMM.
Histology showed malignancy.

5/GC

6/LE

7/JD

8/IS

9/NT

10/RC

11/SL

47

27

20

50

18

59

43

F

M

F

M

M

F

F

Normal breast scan

Uptake close to bladder

Positive for left neck mass

R shoulder positive

Positive for R lower femur

Normal scan

Normal scan

Biopsy for R breast mass w/hyperplastic ductal epithelium atypia. SMM normal
bilaterally.

Long history of bowel obstruction. CT showed a mass near bladder. 99mTc-MIBI
inconclusive because of bladder activity.

History of neurofibroma. Presented w/L neck mass. Bone scan showed faint blood
pool activity. 99mTc-MIBI normal. 99mTc-VIP scan positive, consistent w/visible
mass and histology showing spindle cell sarcoma.

R shoulder adenocarcinoma. Bone scan showed involved bone. 99mTc-MIBI
positive for R shoulder.

Positive w/MRI, bone scan and 99mTcIBI for osteosarcoma.

Had surgical resection for colon cancer. No evidence of recurrence.

History of clear cell cervical carcinoma. Small nodule in L upper lung seen by CT.
No 99mTc-MIBI scan.

99uluTc-VIP = 99mTc-TP 3654, SMM = 99mTc-SestaMIBI mammography; 99mTc-MIBI = ""'Tc-SestaMIBI.



4. DISCUSSION

Cancer remains a major health problem of mankind. Although extensive new
knowledge has led health care professionals to a changing philosophy in its management, one
factor that remains of undisputed importance is early diagnosis, hi recent years, CT and MRI
have greatly improved the diagnostic abilities for anatomic localization of tumours. However,
metabolic or receptor specific tumour imaging is advantageous since such imaging can
demonstrate the state of malignancy and may distinguish malignant tumours from benign
ones. Metabolic or receptor specific tumour imaging is more advanced with radionuclide
imaging than with CT, MRI, or ultrasound. The complementary role of nuclear medicine
imaging is therefore well recognized, and the search has continued for better and more
specific imaging agents than available currently.

There are other tumour imaging agents, two of which are based upon tumour
metabolism. The first, 18F-deoxyglucose, is an excellent agent but needs 18F, with a half-life
of 110 min. This must be produced by a cyclotron, and requires PET or coincidence gamma
camera for imaging. Currently, less than 1% of the nation's nuclear medicine centres can use
18F-FDG. The second, a perfusion agent, 99mTc-SestaMIBI, is presumed to be taken up by
mitochondria in tumours, and generally suffers from high background due to non-specific
uptake in many normal tissues. Although it is 86% sensitive for palpable breast tumours, it
detects only 63% of non-palpable breast tumours and does not obviate biopsy for histologic
examinations [5]. Its utility for detecting other tumour types is not yet well established.

Frequently over expressed on the surface of malignant proliferative cells are certain
characteristic biomolecules, the receptors, that specifically interact with a family of
substances discovered during the last 25 years. These endogenous compounds or their
analogues bind to the specific cell surface receptors in nanomole to femtomole concentrations
and have been the focus of considerable interest, both in therapy and diagnosis of malignant
tumours. The only commercially available neuropeptide, somatostatin receptor specific n iIn-
[DTPA-D-Phe1] Octreotide, is the third tumour imaging agent. However, the cyclotron
produced 1HIn is much more expensive than 99mTc and is not as easily available. Furthermore,
somatostatin receptor density on most types of tumours is much lower than their VIP receptor
density [1].

Our early data, obtained with 99mTc-VEP analogue in a limited number of patients,
indicate that the agent is easy to prepare, convenient to use, and permits rapid imaging of
tumours with planar gamma camera scintigraphy. In our current preparation we used
approximately 5 ug of VEP. No adverse reaction of any kind was noted in any subject. The
lung uptake of 99mTc-VIP was much less than that of 123I VIP (2). The 99mTc-VIP was cleared
from circulation via the kidneys and liver. All positive images were diagnostic in less than 20
min post-injection Although late images showed GI activity, the speed of its tumour uptake
may permit us to image abdominal tumours. The rapid bladder uptake may make it difficult to
image prostate cancer and may require continuous elimination of urine to succeed.

Most 99mTc-VIP images were similar to MIBI images, including a scan of hyperplastic
atypia, which was negative on both VIP and MIBI. The receptor characteristics of
hyperplastic atypia are unknown. However, it was interesting to note that the lesions with
ductal epithelial hyperplasia and the high density spindle cell sarcoma, known to express VIP
receptors, were both positive only with 99mTc-VIP scans and not with the other, commonly
used imaging modalities. The patient with ductal epithelial hyperplasia had a mastectomy of
the right breast for malignant cancer. The hyperplastic lesion presented in the left breast two
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years later did not show malignant morphology. However, the 99mTc-VIP image of the lesion
was intensely positive and suggested that the technique can demonstrate the biochemical
changes by non-invasive means, prior to the characteristic changes of malignant morphology
have occurred.

Thus, at the present time, the agent shows reliability, simplicity, speed, and the lack of
toxicity. Further studies will determine if this agent can distinguish malignant tumours from
benign ones and identify those lesions which are yet morphologically normal, but destined to
become malignant.
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