ORNL/TM-13107

RECEIVED
’f’ | JAN 25 1896
f (e — OST!
'OAK RIDGE |
'NATIONAL g . .
LABORATORY Nuclear Medicine Program Progress
f i; Report for Quarter Ending
| ; September 30, 1995
| ’ F. F. Knapp, Jr.
: K. R. Ambrose
A. L. Beets
; , H. Luo
ﬁ : | D. W. McPherson
% | ; S. Mirzadeh

* MANAGED BY {
© MARTIN MARIETTA ENERGY SYSTEMS, INC. |
" FOR THE UNITED STATES
" DEPARTMENT OF ENERGY

|
i - B




This report has been reproduced dirsctly from the best available copy.

Available to DOE and DOE contractors from the Office of Scientific and Techni-
cal Information, P.O. Box 62, Oak Ridge, TN 37831; prices available from (615)
5§78-8401, FTS 626-8401.

Available to the public from the National Technical Information Service, U.S.
Department of Commerce, 5285 Port Royal Rd., Springfield, VA 22161.

This report was prepared as an account of work spcnsored by an agency of
the United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy, com-
pletensss, or usefulness of any information, apparatus, product, or process dis-
closed, or represents that its use would not infringe privately owned rights.
Reterence herein to any specitic commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise, does not necessarily consti-
tute or linply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.




ORNL/TM-13107

Contract No. DE-AC05-840R21400

Health Sciences Research Division

NUCLEAR MEDICINE PROGRAM PROGRESS REPORT
FOR QUARTER ENDING September 30, 1995

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States

| Government. Neither the United States Government nor any agency thereof, nor any of their

F. F. Knapp, Jr.

employees, makes any warranty, express or implied, or assumes any legal liability or responsi- |
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views 7
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

c
@
b
[0)] .
L C
= > N Aol
: B 58 2 5 =
== EY © O )
. - Ma.u = @
ow 2 c - ¢ W D W
-a 2 o > pd o
ac-a . AR » i
o= 3 o M3V.V| L ¥
280 ] oo O
oxr T 5 T30 o
QT = NseEhN
69F 8 G§ePFLU
Qe o T EeEglles
w Qe Eegz"E
xEE ) S-EFE
r%o I z' EE &
S E (] we £ o
WOm 0 = a
Q at o Qa .
3 Ce mw o
S2 x§ o >
<@ o o num
<44 S
¥<T

DISTRIBUTION OF THIS BOCUMENT Is UNLlMlTE’.éH




s

£

.



Previous reports in this series:

ORNL/TM-5809
ORNL/TM-5936
ORNL/TM-6044
ORNL/TM-6181
ORNL/TM-6371
ORNL/TM-6410
ORNL/TM-6638
ORNL/TM-6639
ORNL/TM-6771
ORNL/TM-6916
ORNL/TM-6958
ORNL/TM-7072
ORNL/TM-7223
ORNL/TM-7411
ORNL/TM-7482
ORNL/TM-7605
ORNL/TM-7685
ORNL/TM-7775
ORNL/TM-7918
ORNL/TM-8123
ORNL/TM-8186
ORNL/TM-8363
ORNL/TM-8428
ORNL/TM-8533
ORNL/TM-8619
ORNL/TM-8746
ORNL/TM-8827
ORNL/TM-8966
ORNL/TM-9037
ORNL/TM-9124
ORNL/TM-9343
ORNL/TM-9394
ORNL/TM-9480
ORNL/TM-9609
ORNL/TM-9707
ORNL/TM-9784
ORNL/TM-9937 .
ORNL/TM-10082
ORNL/TM-10238

ORNL/TM-10294
ORNL/TM-10377
ORNL/TM-10441
ORNL/TM-10618
ORNL/TM-10711
ORNL/TM-10839
ORNL/TM-11014
ORNL/TM-11043
ORNL/TM-11145
ORNL/TM-11224
ORNL/TM-11304
ORNL/TM-11377
ORNL/TM-11427
ORNL/TM-11550
ORNL/TM-11570
ORNL/TM-11721
ORNL/TM-11755
ORNL/TM-11830
ORNL/TM-11881
ORNL/TM-11992
ORNL/TM-12054
ORNL/TM-12110
ORNL/TM-12159
ORNL/TM-12222
ORNL/TM-12312
ORNL/TM-12343
ORNL/TM-12411
ORNL/TM-12485
ORNL/TM-12661
ORNL/TM-12707
ORNL/TM-12789
ORNL/TM-12875
ORNL/TM-12909
ORNL/TM-12965
ORNL/TM-13053







CONTENTS

SUMMANY ..ttt ittt it ettt it it n e i nasennenannennnss 5

Evaluation of the Production of Lutetium-177 in the Oak Ridge

High Flux Isotope Reactor (HFIR) ......... ...t iiiiiiiiiinnnnn. 6

Summary of HFIR Irradiations for the Period Ending September 30, 1995 .........

4 =10 o RO 15

Literature Cited . ... .ottt ittt et it e et e 15

Other Nuclear Medicine Group Activities . ......... ...ttt 15
RecentPublications ............. ittt innnannnns 15
Presentations . ... ..ot e e it e e 16
Medical Cooperative Shipments . .......... ... . i, 18
Visitors and Guest Assignments ...........c.cciitiiienrennneeannnnn 18

e N e e o o - - - - —




Ll



SUMMARY

In this report, we describe the results for study of the production of lutetium-177 (*"Lu)
in the High Flux Isotope Reactor (HFIR). Two pathways for production of '77Lu were studied
which involved both direct neutron capture on enriched 1761, 176Lu(n,y )177Lu, reaction and by
decay of ytterbium-177 ('77Yb) produced by the "®Yb(n,y )'7"Yb (8 _,) reaction. Although the
direct route is more straight forward and does not involve any separation steps, the indirect
method via B*-decay of 17”Yb has the advantage of providing carrier-free *77Lu, which would be
required for antibody radiolabeling and other applications where very high specific activity is
required..

Substrates required for preparation of tissue-specific agents and several radioisotopes
were also provided during this period through several Medical Cooperative Programs. These
include the substrate for preparation of the "BMIPP" cardiac imaging wihich was developed in the
ORNL Nuclear Medicine Program, which was provided to Dr. A. Giodarno, M.D. and colleagues
at the Catholic University Hospital in Rome, Italy. Tungsten-188 produced in the ORNL HFIR was
also provided to the Catholic University Hospital for fabrication of a tungsten-188/rhenium-188
generator to provide carrier-free rhenium-188 which will be used for preparation of rhenium-188-
labeled methylenediphosphonate (MDP) for initial clinical evaluation for palliative treatment of
bone pain (L. Troncone, M.D.). Samples of substrates for preparation of the new ORNL "IQNP"
agent for imaging of muscarinic-cholinergic receptors were provided to the Karolinska Institute
in Stockholm, Sweden, for preparation of radioiodinated IQNP for initial imaging studies with this
new agent in monkeys and for tissue binding studies with human brain samples obtained from
autopsy (C. Halldin, Ph.D.).



Evaluation of the Production of Lutetium-177 in the Oak Ridge
High Flux Isotope Reactor (HFIR)

Lutetium-177g (*779Lu) can be utilized for radiotherapeutic applications when chelated to tumor-
associated antibodies for radioimmunotherapy. It has also been proposed as radioisotope
source in bracheytherapy. Lutetium-177g decays with a half-life of 6.7 d to the ground state of
stable hafnium-177 (177Hf) 78% of the time (E3,M*=0.497 MeV), to the first excited state 9.7%
of the time (Ez,™®*= 0.384 MeV), and to the 0.321 MeV level 12% of the time (E;3™®= 0.176
MeV). Relevant nuclear data for 1779y and 1777™Ly are summarized in Tables 1 and 2 {1,2] and
a simplified decay scheme for 1‘779'Lu is shown in Figure 1. As seen de-excitation frbm the first
exited state level (0.1129 MeV) provides a y-ray for imaging which has an energy of 113 keV and
an intensity of 6.6%: About 12% of this transition converts at the electronic shell of the Hf
providing low range secondary electrons and X-rays (Table 2). The de-excitation from the 0.321
MeV level to the first exited state level provides a y-ray at 208 keV (12%) which may be suitable
for deep-organ imaging. The average B energy of 779 4 is 0.133 MeV and the average
equilibrium dose rate constant for 17791 ) is estimated to be ~ 0.5 g-rad/uCi-h, which is similar
to that for ¥’Cu (Table 1) [3].

+ 17y
7/2 L4 O, (Qg=0.4971MeV)
6.71d
&
Yi2% 9/2

t -
0.05% > 11/2- 0.10ns

9.7% »3/2- 050 ns
178% 7/2-

Figure 1. A simplified decay scheme of 1779 y
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Because of the rather longer haif-life, 17791y is most suited for the radiolabeling of antibodies
which have slow targeting kinetics, and a lower equilibrium dose rate constant makes 1779y
useful for radiotherapy of soft tissues. In addition, 17791 y has chemical characteristics suitable
for protein labelling with bifunctional chelating agents such as the eight coordinate DTPA, other
DTPA derivatives or DOTA. Lutetium is the heaviest member of the lanthenides but has an ionic
radius comparable to Y3* as the result of the" lanthenide contraction.” in coordination number
6, the ionic radius of Lu®* is 89.1 pm, which is about 4 pm smaller than that of Y3, At 25 °C
and 0.1 M ionic strength, the equilibrium constant of the LuS*-DTPA complex MU/M.L) is
2.51x10%2 M", in comparison with 1.12x10%2 M"! for the Y-DTPA complex [4].

Due to a rather large cross-section (oy, =2090 b, I,=1087 b), high specific activity 17791 y can
be obtained directly by the 17®9Lu[n,y] 7’Lu reaction (see Figure 2). The natural abundance of
781y is only 2.6%, however, and the highest enrichment available from the ORNL isotopes
Distribution Office (IDO) is 72% at a cost of $220.95/mg. Alternatively, 17791 44 can be obtained
indirectiy from 8" decay of 177yp (to=1.9h, EgM#*=400 keV), as described earlier.

177|_u

160.1d | 6.71d
p(0-2) | p(0.5)

177yp

™ 6.5s 1.8h
iT

65 175yp 1 24

[n,-ﬂ> 4.2d

Figure 2. Scheme for Production of 17791
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In this case, the 177y, parent nuclei is produced in a fission nuclear reactor with neutron capture
on 176ypb which has a natural abundance of 12.7%. Ytterbium-176 enriched to 97.79% is also
available from the IDO at a cost of $ 17.40/mg. Obviously, the indirect route yielding carrier-free
77914 is the desired production route if Lu can be separated efficiently from the Yb target
material. We have recently reported similar separation of carrier-free holmium-166 (166Ho) from
milligram quantities of dysprosium (Dy). In certain applications, such as protein labelling, the
use of a high specific activity radioisotopes is often essential. In addition, the indirect route
produces 77Lu which is free from the 160-d ""™Lu, This radioisotope is unavoidably co-
produced with 177Lu by the 7®Lu[n,y]"""™Lu reaction.

For a one-hour irradiation of two natural Lu targets (as Lu,0O,, see Table 3 for composition) in
position #4 of the HFIR, the experimental yield of '"/Lu is (2.440.20)x10° MBg/mg of Lu,
corresponding to a value of (9.42::0.99)x10* MBg/mg of 76Lu. The ratio of the T77MLy/'779Ly
in this case is 4.8x103%. Under similar conditions, the yields from two 43% enriched 176Lu
targets were (4.18+0.59)x10* MBg/mg of Lu and (9.46:1.29)x10* MBg/mg of 176Lu with a
177m 4 '779) 44 ratio of 4.6x10%%. The averaged yield from natural and 43% enriched target was
(9.44:0.78)x10* MBg/mg of 178Lu in comparison to the theoretical yield of 5.69x10* MBg/mg of
78 for a YExp./YTheo. of 1.66. The theoretical yield of 177911 as a function of the irradiation
time is shown in Figure 3. From these data it is clear that saturation will be reached within 4
days in HT#4 or #6 with an expected yield of ~3x10° MBq (~ 80 Ci) per mg of 168 . Since
the 17"™Lu/"779)y ratio will increase with the irradiation time (Figure 4), for a 4-d irradiation the
fraction of 777™Lu at the end of irradiation (EOQI) is expected to be less than 0.01% for a 4-d

irradiation period.
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Figure 3.  Direct production of '779Lu - theorerical yield of 1779Lu as a function of the
irradiation time. HT#4 or 6, ¢,,=1.76x1 0'S, n.s.l.cm?, th/epi=26.
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Figure 4. The ratio of '”"™Lu to '779Lu as a function of irradiation time at the HT#4 or 6.
by, =1.76x10"%, n.s.l. em?, th/epi=26.
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As indicated in Table 3, the yield from the indirect route (from decay of '77Yb) is (7.46+0.50)x10"
MBag/mg of 178Yb (2.0 mCi/mg of 78Yb) for a 1 h irradiation in HT#5. This experimental yield
is ™~ 20% lower than the theoretical value using calculations which allow fora 12-h decay period
post irradiation. The activity of 1779 ' in the irridated Yb target decayed by a factor of more than
thousand fold with a half life of 6.7 d; results in an estimated value for the 17"™Lu/"779Lu ratio of
=<(1.0+0.5)x1 0% %. The theoretical yields of both 177¥p and 17791y as a function of time are
shown in Figure 5. In this case, the yield of T779Lu will reach a saturation value of ~1.5X10°%
MBq (411 mCi)/mg of 178Yb within 21days of irradiation in HT#5. A 3D graph showing the
theoretical yields of "779Lu as a function of the irradiation time and total time (sum of the
iradiation time and post-EOI decay period) is depicted in Figure 6. As seen, the post-EO!
contribution from the decay of 177Yb to the total activity of 177911y decrease rapidly as a function
of irradiation time. As shown in Figure 7, this contribution becomes negligible (<1%) for
irradiation time of more than 20 hours. Although the yield of the indirect route is lower than the
direct route by a factor of 1000, the specific activity of 1771y from both routes will be almost the
same assuming carrier-free Lu can be separated from Yb in 1 part per thousand. Studies are
currently in progress to evaluate various ion exchange methods for the spearation of carrier-free
1771y from carrier 176Yb.
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Erratum

The following corrections are for section in ORNL/TM-13053, published September 1995:
Page 7, Line 3. Phenylmagnesium bromide should be corrected to the original agent
prepared from 1-bromo-5-chloropentane.

. Other Nuclear Medicine Group Activities
Publications ' ‘
Wang, S. J., Lin, W. Y., Hsieh, B. T., Shen, L. H., Tsai, Z. T. and Knapp, F. F., Jr., "Rhenium-
188 Sulfur Colloid as a Radiation Synovectomy Agent,” Eur. J. Nucl. Med., 22, 505-507 (1995).

Gilter, M. S., Boulay, S. F., Sood, V. K., McPherson, D. W., Knapp, F. F. (Russ) Jr., Zeeberg,
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78 (1995).
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Presentations

ORNL Nuclear Medicine Program Staff members D. W. McPherson and S. Mirzadeh participated
in the recent International Symposium on Radiopharmaceutical Chemistry held in Vancouver,
Canada, on August 13-17, 1995. The following papers were presented and co-authored by
members of the ORNL Program:

E. Dadachova, S. V. Smith, N. DiBartolo, P. F. Schmidt, S. Mirzadeh and E. L.
Hetherington, "Labeling of Proteins with 16Ho."

E. Dadachova, S. V. Smith, P. F. Schmidt and S. Mirzadeh, "Electrochemical
Reduction of '®8Re for Protein Labeling."

D. W. McPherson, H. Luo, A. L. Beets, B. Zeeberg, V. Sood, R. C. McRee, R. C.
Reba and F. F. Knapp, Jr. "Preparation, In Vitro and In Vivo Evaluation of New
Fluoroalkyl QNB Analogues as Potential mAChR Ligands for PET Studies."

S. Mirzadeh, A. L. Beets and F. F. Knapp, Jr. "HFIR-Produced Radioisotopes of
Current Medical Interest."

A. Schaffland, S. Guhlke, F. F. Knapp, Jr., P. O. Zamora and H. J. Biersack, "Pre-
and Post-Conjugate Labeling of Amies and Peptides with %8Re Using the MAG,
Chelate."

V. Strijckmans, D. W. McPherson, F. F. Knapp, Jr., C. Loc’h and B. Maziere, "["®Br]-Z-
(R,R,)-QNP: A High Affinity PET Radiotractor for Central Muscarinic Receptors."

F. F. (Russ) Knapp, Jr. attended the European Association of Nuclear Medicine
(EANM) Congress held in Brussels, Belgium, on August 26-30, 1995. In addition
to participating in this meeting and assisting the staff of the Department of Energy
Isotope Production and Distribution Program (IPDP), he also met as an editorial
board member with the Editorial Board of the European Journal of Nuclear
Medicine. Members of the ORNL Program co-authored the following papers at the
EANM Congress:
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Grillenberger, K., McPherson, D., Hartung, T., Knapp, Jr., F. F. and Reske, S.N.
" An Improved Method for Labeling MAB with Carrier-Free Rhenium-188."

Hosono, M., Hosono, M, Haberberger, T., Zamora, P., Guhlke, S., Bender, J.,
Knapp, Jr. F. F. and Biersack, H.-J. ‘Targeting of Small-Cell Lung Cancer by
Octreotide Labeled With 1-125, In-111, and Re-188 in a Mouse Model."

Lin, W., Chen, M., Wang, S., Hseih, B., Tsai, Z, Ting, G. and Knapp, Jr., F. F.
"Biodistribution of Rhenium-188 Lipiodol in Rats Following Hepatic Arterial
Injection." '

Sloof, G., Visser, F. C., Comans, E. and Knapp, Jr. F. F. "Correlation of
Heterogeneous Blood Flow and Uptake of a DiMethyl-Branched lodo Fatty Acid
in the Normal and Ischemic Dog Heart."

Wang, S., Chen, M., Lin, W., Hseih, B, Tsai, Z, Ting, G, and Knapp, Jr. F. F.
"Rhenium-188 Labeling of Lipiodol for Hepatoma Therapy."

Wang, S., Lin, W., Hseih, B, Tsali, Z, Ting, G. and Knapp, Jr. F. F. "Studies on Re-
188 Sulfur Colloid for Use as a Radiation Synovectomy Agent.”

Medical Cooperative Shipments

During this period several radioisotopes were provided to collaborators for ongoing research
projects through our Medical Cooperative Programs which included tungsten-18 which was
provided to Sorin Biomedica in Milan, Italy for fabrication of a sterile tungsten-188/rhenium-188
generator under GMP’s to obtain rhenium-188 for preparation of rhenium-188-MDP for initial
clinical evaluation of rhenium-188-MDP for bone palliation studies at the Catholic University
Hospital in Rome, ltaly (L. Troncone, M.D.). Tungsten-188/rhenium-188 generators were also
provided to RhoMed, Inc. through a CRADA arrangement for radiolabeling of peptides and
somatostatin analogues for tumor therapy (B. Rhodes, Ph.D. and P. Zamora, Ph.D., et al.) .
Tungsten-188 (1 Ci) was provied to Nordion, Inc. through the UPDP. Scandium-47 and tin-117m
which were supplied to the Medical Department at the Brookhaven National Laboratory (L.
Mausner, Ph.D. and S. C. Srivsatava, Ph.D.). The scandium-47 is being used for antibody
labeling for animal studies and the tin-117m is used in Phase Il patient studies for evaluation of
bone palliation with tin-117m-DTPA complex in a CRADA with Diatech, Inc.
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Visitors and Guest Asssignment

During the July 1-September 30, 1995, several guests who joined the Nuclear Medicine Program
included Florian Mokler, a medical student from the University of Mainz, Germany, who will work
at ORNL for the September 1995-February 1996 period to evaluate the metabolism of new
cardiac imaging agents. Several visitors during this period included:

July 25, 1995, George B. Crawford, Scintillation Technologies, Knoxville, TN
July 25, 1995 Prof. Nicholas Schad, Passau, Germany
August 17, 1995, Prof. E. S. EI'Ashray (Medical Chemistry) Alexandria, Egypt
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