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CHART OF CLAIMS 

[1pre] A radioisotope generator comprising: 

[1a] a solid precursor isotope source configured to emanate one or more gaseous 
progeny isotopes,  

[1b] the solid precursor isotope source comprising a precursor isotope; and 

[1c] wherein the solid precursor isotope is configured to be fluidly coupled to a 
volume including a collector surface with a gas tight seal, and 

[1d] wherein the solid precursor isotope source and the collector surface are 
configured such that the one or more gaseous progeny isotopes deposit one or 
more solid progeny isotopes on the collector surface. 

[2] The radioisotope generator of claim 1, further comprising a flushing circuit 
configured to flush the collector surface. 

[3] The radioisotope generator of claim 1, further comprising a valve associated 
with the solid precursor isotope source. 

[4] The radioisotope generator of claim 1, further comprising a vacuum pump 
attached to the volume. 

[5] The radioisotope generator of claim 1, wherein the solid precursor isotope 
source comprises a porous material configured to retain the precursor isotope. 

[6] The radioisotope generator of claim 5, wherein the precursor isotope is 
absorbed, adsorbed, and/or encapsulated by the porous material. 

[7] The radioisotope generator of claim 1, wherein the precursor isotope 
comprises a thorium 228 isotope (228Th) and/or a radium 224 isotope (224Ra), the 
one or more gaseous progeny isotopes comprises a radon 220 isotope (220Rn), 
and the one or more solid progeny isotopes comprises a lead 212 isotope (212Pb). 

[8] The radioisotope generator of claim 1, wherein the collector surface is an 
interior surface of a container, and wherein the volume is an internal volume of 
the container. 

[9] The radioisotope generator of claim 8, wherein the solid precursor isotope 
source is configured to be connected to an opening of the container. 

[10] The radioisotope generator of claim 8, further comprising the container. 

[11] The radioisotope generator of claim 10, wherein the container is configured 
to removably connect to the solid precursor isotope source. 

[12a] The radioisotope generator of claim 10, further comprising a chelator 
disposed on the interior surface, 

[12b] the chelator configured to chelate the one or more solid progeny isotopes.

[13] The radioisotope generator of claim 12, wherein the chelator comprises 
TCMC. 
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CHART OF CLAIMS 

[14] The radioisotope generator of claim 10, wherein the volume is configured to 
receive a solvent configured to dissolve the one or more solid progeny isotopes 
from the interior surface. 

[15] The radioisotope generator of claim 1, wherein the radioisotope generator is 
configured to be converted from a first configuration in which the collector 
surface is not in fluid communication with the solid precursor isotope source, 
and a second configuration in which the collector surface is in fluid 
communication with the solid precursor isotope source.

[16pre] A method of generating a progeny radioisotope, the method comprising: 

[16a] allowing one or more gaseous progeny isotopes to emanate from a solid 
precursor isotope source, 

[16b] the solid precursor isotope source comprising a precursor isotope; 

[16c] fluidly coupling a volume including a collector surface to the solid 
precursor isotope source using a gas tight seal; and 

[16d] allowing one or more solid progeny isotopes of the one or more gaseous 
progeny isotopes to deposit on the collector surface. 

[17] The method of claim 16, further comprising flushing the collector surface. 

[18] The method of claim 16, wherein fluidly coupling the volume to the solid 
precursor isotope comprises opening a valve associated with the solid precursor 
isotope source. 

[19] The method of claim 16, further comprising drawing a vacuum in the 
volume. 

[20] The method of claim 16, wherein the solid precursor isotope source 
comprises a porous material configured to retain the precursor isotope. 

[21] The method of claim 20, wherein the precursor isotope is absorbed, 
adsorbed, and/or encapsulated by the porous material. 

[22] The method of claim 16, wherein the precursor isotope comprises a thorium 
228 isotope (228Th) and/or a radium 224 isotope (224Ra), the one or more gaseous 
progeny isotopes comprises a radon 220 isotope (220Rn), and the one or more 
solid progeny isotopes comprises a lead 212 isotope (212Pb). 

[23] The method of claim 16, wherein the collector surface is an interior surface 
of a container, and wherein the volume is an internal volume of the container. 

[24] The method of claim 23, further comprising connecting the solid precursor 
isotope source to an opening of the container. 

[25] The method of claim 23, further comprising removably connecting the solid 
precursor isotope to the container. 

[26] The method of claim 23, further comprising chelating the one or more solid 
progeny isotopes using a chelator disposed on the interior surface. 
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[27] The method of claim 26, wherein the chelator comprises TCMC. 

[28] The method of claim 23, further comprising receiving a solvent in the 
volume, and dissolving the one or more solid progeny isotopes from the interior 
surface in the solvent. 

[29] The method of claim 16, wherein fluidly coupling the volume to the solid 
precursor isotope source comprises converting a radioisotope generator from a 
first configuration in which the collector surface is not in fluid communication 
with the solid precursor isotope source to a second configuration in which the 
collector surface is in fluid communication with the solid precursor isotope 
source. 

[30] The method of claim 16, further comprising forming a radiopharmaceutical 
using the one or more solid progeny isotopes. 

[31] The method of claim 18, further comprising closing the valve to isolate the 
volume from the solid precursor isotope source. 

[32] The method of claim 16, wherein the solid precursor isotope is bound to a 
non-radioactive material. 

[33] The method of claim 32, wherein the non-radioactive material is a ceramic.

[34] The method of claim 23, forming at least a portion of a single chamber with 
the solid precursor isotope source and the container.

[35] The radioisotope generator of claim 3, wherein the valve is configured to 
isolate the solid precursor isotope from the volume in a closed position.

[36] The radioisotope generator of claim 1, wherein the solid precursor isotope is 
bound to a non-radioactive material. 

[37] The radioisotope generator of claim 36, wherein the non-radioactive 
material is a ceramic. 

[38] The radioisotope generator of claim 10, wherein the solid precursor isotope 
source and the container form at least a portion of a single chamber when fluidly 
coupled. 
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I, Saed Mirzadeh, declare as follows: 

1. My name is Saed Mirzadeh. I have been asked by Petitioner 

AdvanCell Pty Ltd. (“Petitioner”) to provide my expert opinions in support of the 

above-identified petition for post grant review of claims 1-38 (“Challenged 

Claims”) of U.S. Patent No. 12,249,437 (“437 patent,” EX1001). I have been 

informed that the 437 patent is owned by Sciencons AS (“Sciencons AS”). 

2. I currently hold the opinions set forth in this Declaration. 

3. In summary, it is my opinion that the references cited below render 

unpatentable the Challenged Claims. My detailed opinions on the claims are set 

forth below. In this Declaration, I offer opinions on the following grounds: 

Ground Claims Stat. Basis Prior Art 

1 1, 3-4, 7-12, 
14-19, 22-
26, 28-29, 
31-32, 34-

36, 38 

102/103 Hassfjell-Hoff 

2 1, 3, 5-7, 
15-16, 18, 
20-22, 29-
33, 35-37 

102/103 Norman 

3 1, 3-12, 14-
26, 28-38 

103 Hassfjell-Hoff and Norman 

4 2 103 Hassfjell-Hoff and IAEA 

5 13, 27 103 Hassfjell-Hoff and Westrøm 

6 8-12, 14, 17, 
23-26, 28, 

34, 38 

103 Norman and Hassfjell-Hoff 
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Ground Claims Stat. Basis Prior Art 

7 13, 27 103 Norman, Hassfjell-Hoff, and Westrøm 

8 13, 27 103 Hassfjell-Hoff, Norman, and Westrøm 

9 1-15, 34-38 112 

4. I am being compensated for my time at the rate of $300 per hour. This 

compensation is not contingent upon my performance, the outcome of this matter, 

or any issues involved in or related to this matter. 

I. BACKGROUND AND QUALIFICATION 

5. All of my opinions stated herein are based on my own personal 

knowledge, professional judgment, and analysis of the materials and information I 

considered in preparing this Declaration. In forming my opinions, I have relied on 

my knowledge and experience in designing, developing, researching, and teaching 

the technology referenced in this Declaration. 

6. I am over 18 years of age and, if I am called upon to do so, I would be 

competent to testify as to the matters set forth herein. I understand that a copy of 

my current curriculum vitae, which details my education and professional and 

academic experience, is being submitted as Appendix 1.  

A. Materials Considered 

7. In preparing this Declaration, I have reviewed and/or considered at 

least the documents cited in the Index of Exhibits, and the documents referenced in 

this Declaration. I have also reviewed the prosecution history of the 437 patent. 
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II. LEGAL STANDARDS 

A. Legal Standards for Anticipation 

8. I have been informed that documents and materials that qualify as 

prior art can be used to invalidate a patent claim via anticipation or obviousness. 

9. I have been informed that, once the claims of a patent have been 

properly construed, the second step in determining anticipation of a patent claim 

requires a comparison of the properly construed claim language to the prior art on 

a limitation-by-limitation basis. 

10. I have been informed that a prior art reference “anticipates” an 

asserted claim, and thus renders the claim invalid, if all elements of the claim are 

disclosed in that prior art reference, either explicitly or inherently (i.e., necessarily 

present), arranged as claimed and in an enabling manner.  

11. I have been informed that anticipation in a post grant review must be 

shown by a preponderance of the evidence. 

B. Legal Standards for Obviousness 

12. I have been informed that even if a patent claim is not anticipated, it is 

still invalid if the differences between the claimed subject matter and the prior art 

are such that the subject matter as a whole would have been obvious at the time the 

invention was made to a person of ordinary skill in the pertinent art. 

13. I have been informed that a person of ordinary skill in the art provides 

a reference point from which the prior art and claimed invention should be viewed. 
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This reference point prevents one from using his or her own insight or hindsight in 

deciding whether a claim is obvious.  

14. I also have been informed that an obviousness determination includes 

the consideration of various factors such as (1) the scope and content of the prior 

art, (2) the differences between the prior art and the asserted claims, (3) the level of 

ordinary skill in the pertinent art, and (4) the existence of secondary considerations 

such as commercial success, long-felt but unresolved needs, failure of others, etc. 

15. I have been informed that an obviousness evaluation can be based on 

a combination of multiple prior art references. I have been informed that the prior 

art references themselves may provide a suggestion, motivation, or reason to 

combine, but other times the nexus linking two or more prior art references is 

simple common sense. I further have been informed that obviousness analysis 

recognizes that market demand, rather than scientific literature, often drives 

innovation, and that a motivation to combine references may be supplied by the 

direction of the marketplace.  

16. I have been informed that if a technique has been used to improve one 

device, and a person of ordinary skill in the art would recognize that it would 

improve similar devices in the same way, using the technique is obvious unless its 

actual application is beyond his or her skill.  
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17. I have been informed that practical and common-sense considerations 

should guide a proper obviousness analysis, because familiar items may have 

obvious uses beyond their primary purposes. I have been informed that a person of 

ordinary skill in the art looking to overcome a problem will often be able to fit 

together the teachings of multiple publications. I have been informed that an 

obviousness analysis therefore takes into account the inferences and creative steps 

that a person of ordinary skill in the art would employ under the circumstances. 

18. I have been informed that a particular combination may be proven 

obvious merely by showing that it was obvious to try the combination. For 

example, when there is a design need or market pressure to solve a problem and 

there are a finite number of identified, predictable solutions, a person of ordinary 

skill has good reason to pursue the known options within his or her technical grasp 

because the result is likely the product not of innovation but of ordinary skill and 

common sense. 

19. I have been informed that the combination of familiar elements 

according to known methods is likely to be obvious when it does no more than 

have predictable results. I have been informed that when a work is available in one 

field of endeavor, design incentives and other market forces can prompt variations 

of it, either in the same field or a different one. I have also been informed that if a 
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person of ordinary skill can implement a predictable variation, the patent claim is 

likely obvious. 

20. I have been informed that a proper obviousness analysis focuses on 

what was known or obvious to a person of ordinary skill in the art, not just the 

patentee. Accordingly, I have been informed that any need or problem known in 

the field of endeavor at the time of invention and addressed by the patent can 

provide a reason for combining the elements in the manner claimed. 

21. I have been informed that a proposed obviousness combination does 

not need to be the preferred, or most desirable, combination available, in order to 

render a claim obvious. I have been informed that, instead, there must be 

something that suggests the desirability of the proposed combination, not 

necessarily something that suggests that the proposed combination is the most 

desirable combination available. 

22. Similarly, I have been informed that for purposes of obviousness, 

when a motivating benefit comes at the expense of another benefit, that does not 

nullify the proposed obviousness combination or modification. Likewise, I have 

been informed that a proposed obviousness combination does not fail merely 

because it may be inferior to other systems used for the same use.  

23. I have been informed that a determination of obviousness based on 

teachings from multiple references does not require an actual, physical substitution 
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of elements between the multiple references. I have been informed that the test for 

obviousness is not whether the features of a secondary reference may be bodily 

incorporated into the structure of the primary reference. Instead, I have been 

informed that the test is whether a claim is rendered obvious by the teachings of 

the prior art as a whole. 

24. I have been informed that a claim can be obvious in light of a single 

reference, without the need to combine references, if the elements of the claim that 

are not found explicitly or inherently in the reference can be supplied by the 

common sense of one of skill in the art. 

25. I have been informed that secondary indicia of non-obviousness may 

include: (1) a long felt but unmet need in the prior art that was satisfied by the 

invention of the patent; (2) commercial success of processes covered by the patent; 

(3) unexpected results achieved by the invention; (4) praise of the invention by 

others skilled in the art; (5) taking of licenses under the patent by others; (6) 

deliberate copying of the invention; (7) failure of others to find a solution to the 

long felt need; and (8) skepticism by experts.  

26. I have been informed that there must be a relationship between any 

such secondary considerations and the invention. I have been informed that 

contemporaneous and independent invention by others is a secondary consideration 

supporting an obviousness determination. 
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27. In sum, my understanding is that prior art teachings are properly 

combined where a person of ordinary skill in the art having the understanding and 

knowledge reflected in the prior art and motivated by the general problem facing 

the inventor, would have been led to make the combination of elements recited in 

the claims. Under this analysis, the prior art references themselves, or any need or 

problem known in the field of endeavor at the time of the invention, can provide a 

reason for combining the elements of multiple prior art references in the claimed 

manner. 

28. I have been informed that obviousness in a post grant review must be 

shown by a preponderance of the evidence. 

III. THE 437 PATENT 

A. Overview of the 437 patent 

29. The 437 patent describes a method and a system for producing highly 

purified 212Pb, a radioactive isotope utilized in targeted alpha therapy for cancer 

treatment. EX1001, cls. 1, 16, 9:64-67. The process involves isolating and 

purifying 212Pb from mixtures containing other isotopes through a specific decay 

chain that begins with 228Th. EX1001, Fig. 1. The resulting 212Pb is intended for 

use in producing radiopharmaceuticals, enhancing the effectiveness of cancer 

therapies. EX1001, 17:18-21. 
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30. I have been informed that, based on the face of the patent, the priority 

date for this patent is December 5, 2019. 

B. Overview of the 437 patent’s File History 

31. The 437 patent was filed on May 31, 2024 as a continuation 

application of U.S. Patent Application No. 17/756,802 (now U.S. Patent No. 

12,125,603). EX1001, cover. EX1006, 356. The continuation application was filed 

with claims 1-30. EX1006, 395-399. The continuation application was filed with a 

Track One request. EX1006, 369. The 437 patent was first published on November 

28, 2024 as U.S. Patent Application Publication No. 2024/0395432. EX1001, 

Cover. EX1006, 103. The Track One request was granted on August 6, 2024. 

EX1006, 244. The examiner never issued a rejection based on the prior art that I 

describe in this Declaration or on any other prior art, and sent a first Notice of 

Allowability on September 25, 2024. EX1006, 166. A Preliminary Amendment, an 

Information Disclosure Statement, and a Request for Continued Examination were 

filed on November 13, 2024 amending claim 11 and adding claims 31-38. EX1006, 

144-153. A Second Notice of Allowability was sent by the USPTO on December 

5, 2024. EX1006, 26. As stated in both the Notice of Allowability and the Second 

Notice of Allowability, the Examiner’s reasons for allowance were: 

The prior art in general discloses the decay of solid precursor 
isotopes in a collection container in general, but does not provide 
adequate detail to address the inventive features of exposing the 
collector surface to gaseous progeny isotopes to deposit solid 
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progeny isotopes. The information provided in the prior art does 
not address these features, or provide a basis for a person of 
ordinary skill in the art to arrive at them without relying on 
improper hindsight reasoning or inappropriate claim 
interpretation. 

EX1006, 31, 171. 

32. On January 27, 2025, the Applicant filed an amendment after 

allowance under 37 CFR § 1.312 which amended claims 14 and 38 “to address 

antecedent basis issues.” EX1006, 7. The Examiner entered the amendment in a 

Response to Rule 312 Communication sent on February 10, 2025. EX1006, 6. 

After sending the issue notification on February 19, 2025, the USPTO issued the 

437 patent on March 11, 2025. EX1006, 1-4. 

C. Person of Ordinary Skill in the Art 

33. A person of ordinary skill in the art at the time of the alleged 

invention of the 437 patent (December 5, 2019) (“POSITA”) would have had a 

bachelor’s degree in chemistry, nuclear chemistry, radiochemistry, chemical 

engineering, physics, or materials science, or a comparable field of study, plus 

approximately two to three years of professional experience with radioisotope 

generators, radiopharmaceutical chemistry, nuclear medicine, or other relevant 

industry experience. Additional graduate education could substitute for 

professional experience, and significant experience in the field could substitute for 

formal education. 

AdvanCell - Ex. 1002 - Page 26



U.S. Patent No. 12,249,437 

11 
1618391162 

D. Claim Construction 

34. Below are claim constructions that, in my opinion, would have been 

their ordinary and customary meaning according to a POSITA (person of ordinary 

skill in the art in question on December 5, 2019. 

1. “fluidly coupled” (claims 1, 16, 18, 29, and 38) 

35. It is my opinion that a POSITA would have understood “fluidly 

coupled” in light of the specification to mean capable of being connected or linked 

together using a gas or liquid. EX1001, Figs. 1-2, 5:17-24 (“an assembly 

comprising a first part and a second part, wherein the first part comprises a 

container and the second part comprises a 212Pb precursor isotope source, wherein 

the first part and the second part are connected such that the 212Pb precursor isotope 

source does not come into contact with an inner wall of the container, and such that 

a single chamber container assembly is provided.”). 

2. Limitation 1c construction - “wherein the solid precursor 

isotope source is configured to be fluidly coupled to a 

volume including a collector surface with a gas tight seal” 

(claim 1)

36. It is my opinion that this limitation is ambiguous because it is not 

clear whether the phrase “with a gas tight seal” corresponds to “configured to,” 

“fluidly coupled,” or “volume.” Thus, there are three possible constructions: 

� The entire volume has a gas tight seal (with the precursor isotope 

source inside the volume),  
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� Just the collector surface, not the entire volume, has a gas tight seal 

(when the precursor isotope source is inside the collector), or 

� The system is configured to selectively couple, using a gas tight seal, 

a volume with the solid precursor isotope source and a volume with a 

collector surface. 

37. Under the first possible construction, a POSITA would have 

understood the gas-tight seal of this limitation to include a gas-tight seal that 

selectively fluidly couples the precursor isotope source to a volume, as shown in 

Figure 4.  

EX1001, Fig. 4, 14:21-25, 18:21-23.  

38. Alternatively, under the second possible construction, a POSITA 

would have understood the limitation to require that the precursor isotope source is 
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fluidly coupled to a fully enclosed volume that has a gas-tight seal, such as with 

Figures 3 and 5.  

EX1001, Figs. 3A-B. 
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EX1001, Figs. 5A-B. 

39. In the grounds below, I address these possible constructions, including 

the third construction. 
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3. “a valve associated with the solid precursor isotope source” 

(claim 3)

40. It is my opinion that a POSITA would have understood “associated” 

to mean “to be used with.” Thus, a POSITA would have understood this term to 

include a valve that is used in combination with a solid precursor isotope source. 

4. “connected to an opening of the container” (claim 9)

41. All disclosed embodiments of the 437 patent have a source connected 

to a cap which is then connected to a container’s opening. EX1001, Figs. 2-5, 8:48-

53. In other words, the source need not be directly connected to an opening of a 

container. Thus, in my opinion, a POSITA would have understood this term to 

include both a direct or an indirect physical connection.  

5. “removably connect” (claim 11)

42. All disclosed embodiments of the 437 patent have a source connected 

to a removable cap which is then connected to a container’s opening. EX1001, 

Figs. 2-5, 8:48-53. Thus, in my opinion, a POSITA would have understood that the 

term “removably connect” includes both a direct or an indirect physical connection 

that is removable.  

6. “with” (claim 34)

43. Claim 34 requires “forming…a single chamber with the solid 

precursor isotope source and the container.” The solid precursor isotope source 

does not itself form the boundaries of a chamber in any embodiment of the 437 
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patent. See EX1001, Figs. 2A-2B, 8:48-53, Figs. 3A-3B, 14:25-36, Figs. 4A-4B, 

14:37-43, Figs. 5A-5B, 14:44-50. Instead, all disclosed embodiments have a source 

connected to a cap which is then connected to a container’s opening, such that the 

source is located inside the chamber. EX1001, Figs. 2-5, 8:48-53. Thus, in my 

opinion, a POSITA would have understood the word “with” to mean “that 

includes” in this limitation. 

IV. GROUND 1: CLAIMS 1, 3-4, 7-12, 14-19, 22-26, 28-29, 31-32, 34-36, 

AND 38 ARE ANTICIPATED AND RENDERED OBVIOUS BY 

HASSFJELL-HOFF 

A. Hassfjell-Hoff 

44. Hassfjell-Hoff is a journal article published in 1994 and entitled “A 

Generator for Production of 212Pb and 212Bi.” EX1003, 1-6. Hassfjell-Hoff was 

included in volume 45, number 10, of the “Applied Radiation and Isotopes” 

Journal (EX1003, 5 (Contents)), which was published in October 1994. EX1003, 1 

(cover page); EX1004. Volume 45, number 10, of the “Applied Radiation and 

Isotopes” Journal was assigned ISSN 0969-8043 (EX1003, 5) and was received by 

the University of Wisconsin’s Health Sciences Library on November 11, 1994. 

EX1003, 1 (cover page). As such, Hassfjell-Hoff was published and available to 

the public no later than November 11, 1994. EX1003, 1.  

45. Hassfjell-Hoff was publicly accessible and indexed as a publication in 

public catalogs such as e.g., the WorldCat index. EX1004. As further evidence of 

AdvanCell - Ex. 1002 - Page 32



U.S. Patent No. 12,249,437 

17 
1618391162 

its public accessibility, Hassfjell-Hoff was cited in an International Patent 

Application directed to analogous art that published on August 23, 2001, which 

proves both that (i) Hassfjell-Hoff was published to those of skill in the art at least 

as early as that date, and (ii) which itself serves as an index for Hassfjell-Hoff. 

EX1005, 10:17-18; see also EX1015, 7:67-8:1, 13:39-41. Roy Larsen is listed as 

an inventor on EX1005 and EX1015. In my opinion, a POSITA would have 

understood that journals (e.g., EX1003) and published patent applications (e.g., 

EX1005) are reliable sources of information and would have been capable of 

accessing them well before the alleged filing date of the 437 patent. I have been 

informed that Hassfjell-Hoff qualifies as prior art under 35 U.S.C. §102(a).  

46. Hassfjell-Hoff discloses a radioisotope generator for the production of 

=#053::361 8-/376;.43/09$ *,&%%(" )$ +31;809 ' -6/ ( 927< :20 /39.4790/

generator: 
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EX1003, Fig. 2.  
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EX1003, Fig. 3. “The generator is based on the emanation of 220Rn from 

[228Th]barium stearate.” EX1003, 6. The decay product of 220Rn, which is 212Pb, is 

deposited on the walls of a polyethylene bottle and can be washed off with distilled 

water. EX1003, 6. Hassfjell-Hoff discloses the construction of the generator shown 

in Figures 2 and 3: 

All generator parts were made of stainless steel, and connected to 
standard high vacuum equipment to avoid leakage of 
radioactivity to the surroundings. The generator was made with 
two compartments, a lower compartment which is a collection 
chamber and an upper compartment which is a housing chamber 
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for the source when the collection chamber is removed. These 
two compartments are connected via a gate valve (VAT). The 
packets of [228Th]barium stearate are placed in a filering basket1

mounted by threads to the end of a long tube closed in both 
ends…. The tube can slide on two O-rings, thus facilitating the 
filering basket to move between the two chambers, through the 
gate valve. 

EX1003, 7. A “polyethylene bottle is placed inside the collection chamber” to 

collect the emanated 212Pb. EX1003, 7. Hassfjell-Hoff discloses how the generator 

was operated: “When the tube is lowered, the filering basket with the emanating 

[228Th]barium stearate becomes positioned inside the bottle. The decay products 

from the emanated 220Rn,” namely “212Pb and 212Bi, deposit on the walls of the 

bottle. After an appropriate collection time, the tube is pulled up, placing the 228Th 

source in the upper compartment, and the gate valve is closed. The polyethylene 

bottle is then removed, and the radioactivity easily washed off with a suitable 

solution.” EX1003, 7.

47. The [228Th]barium stearate packets are made using conventional 

means by taking [228Th]barium stearate precipitated from a solution, filtering it 

onto filter membrane and washing it with methanol. EX1003, 6-7. The filter 

1 Throughout Hassfjell-Hoff, the document refers to a “filering basket.” Based on 

an online Norwegian-English dictionary, the meaning of the word “filering” is “a 

lace-like material.” See https://glosbe.com/nb/en/Filering. 
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membrane with the precipitate is then folded and wrapped up into two additional 

filters to avoid any loss of [228Th]barium stearate. EX1003, 7. The packets are then 

secured with plastic strips. EX1003, 7. 

48. In my opinion, Hassfjell-Hoff is analogous art to the 437 patent. 

Hassfjell-Hoff is from the same field of endeavor as the 437 patent. They are both 

in the field of radioisotope generators. See EX1001, 1:20-27 (describing diffusion 

generators and methods for obtaining a container comprising the 212Pb 

radioisotope); EX1003, 6 (describing various prior art generators for obtaining 

212Pb by the natural decay of 220Rn gas in a collection chamber). In addition, 

Hassfjell-Hoff is reasonably relevant to the problem the 437 patent is concerned 

with, as shown in my analysis below in Sections IV(B)-(CC).  

49. As I explain below, it was material error for certain claims of the 437 

patent to issue over Hassfjell-Hoff. 

B. Claim 1  

50. In my opinion, Hassfjell-Hoff discloses this claim arranged as claimed 

and in an enabling manner and renders this claim obvious. 

1. [1pre] “A radioisotope generator comprising:” 

51. In my opinion, Hassfjell-Hoff discloses the preamble. Hassfjell-Hoff 

discloses a radioisotope generator used to generate progeny radioisotopes:  

A generator has been developed for the production of the 
=#053::361 8-/376;.43/0 212Bi and its parent nuclide 212Pb. 
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The generator is based on the emanation of 220Rn from 
[228Th]barium stearate. The decay product of 220Rn, 212Pb 
deposits on the walls of a polyethylene bottle, and can be 
washed off with distilled water.  

EX1003, Abstract. 

EX1003, Fig. 2. 

AdvanCell - Ex. 1002 - Page 38



U.S. Patent No. 12,249,437 

23 
1618391162 

2. [1a] “a solid precursor isotope source configured to 

emanate one or more gaseous progeny isotopes” 

52. In my opinion, Hassfjell-Hoff discloses this limitation. Hassfjell-Hoff 

discloses that the radioisotope generator includes a solid precursor isotope source 

(i.e., packet of [228Th]barium stearate). See EX1003, Abstract, 7. The precursor 

isotope source is prepared by a known method that results in the [228Th]barium 

stearate being precipitated from a solution onto a filter membrane. EX1003, 6-7. 

Hassfjell-Hoff’s “Gelman, U.S.” filter membrane with the [228Th]barium stearate 

precipitate is a solid that is formed into packets. EX1003, 7. In my opinion, a 

POSITA would have understood “Gelman, U.S.” to refer to a well-known supplier 

of filter membranes and that such membranes are solid made from 0.2 µm nylon 66 

sterilizing grade. See EX1012, [0014], [0041], [0047]-[0049]. Nylon 66 is solid 

because it is a linear polyamide and melts at 190-195°C. EX1013, 6, right, 55-57. 

Thus, when the [228Th]barium stearate precipitate is formed into the membrane 

packet, it forms a solid. 

53. In my opinion, Hassfjell-Hoff further discloses that the solid 

precursor isotope source (i.e., packet of [228Th]barium stearate) is configured to 

emanate one or more gaseous progeny isotopes. Hassfjell-Hoff discloses: 

When the tube is lowered, the filering basket with the 
emanating [228Th]barium stearate becomes positioned 
inside the bottle. The decay products from the emanated 
220Rn, 212Pb and 212Bi, deposit on the walls of the bottle. 
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EX1003, 7. Figure 1 of Hassfjell-Hoff depicts the decay mode of 228Th to the 

therapeutically desired 212Pb, including intermediate and subsequent isotopes. 

EX1003, Fig. 1. One of those intermediate isotopes is “Rn gas,” which is a gaseous 

progeny isotope that behaves “based on the well-known Rn emanation.” EX1003, 

6, Fig. 1. 

3. [1b] “the solid precursor isotope source comprising a 

precursor isotope; and” 

54. In my opinion, Hassfjell-Hoff discloses this limitation. Hassfjell-Hoff 

discloses a solid precursor isotope source (i.e., packet of [228Th]barium stearate). 

See §IV(B)(2) (limitation 1a). Hassfjell-Hoff discloses that the solid precursor 

isotope source comprises a precursor isotope (i.e., 228Th). EX1003, 7. 
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4. [1c] “wherein the solid precursor isotope source is 

configured to be fluidly coupled to a volume including a 

collector surface with a gas tight seal, and” 

a. First Construction 

55. In my opinion, Hassfjell-Hoff discloses this limitation according to 

the first construction provided above: that the gas-tight seal selectively fluidly 

couples the precursor isotope source to a volume. See §§III(D)(1), (2) (construction 

of “fluidly coupled” and limitation 1c first construction). 

56. As shown in Figure 2, Hassfjell-Hoff’s system includes a gate valve 

that is used to selectively fluidly couple or isolate the source (when it is retracted 

into the upper chamber) and the lower volume (i.e., lower collection chamber).  
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EX1003, Fig. 2. Hassfjell-Hoff’s system is designed to have a gas tight seal. 

EX1003, 6 (“It therefore appeared to be a simpler and better approach to collect 

212Pb and 212Bi by enclosing the [228Th]barium stearate in a gas-tight collection 

chamber.”). Hassfjell-Hoff’s system includes a collector surface (i.e., the interior 

walls of the polyethylene bottle) in the lower chamber (i.e., the claimed volume). 

EX1003, 7, Fig. 2. In use, the solid precursor isotope source is initially positioned 
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in the upper chamber, and the gate valve is then opened. EX1003, 7. In this 

position, the upper and lower volumes are enclosed in a gas-tight seal formed by 

the O-rings between the tube and tube passage and the three sets of centering rings 

and clamps between the lower collection chamber and the tube passage. EX1003, 

6-7. Hassfjell-Hoff’s source is configured to be fluidly coupled to the volume with 

a gas-tight seal because it is placed in a position where the solid precursor isotope 

source (i.e., packet of [228Th]barium stearate) is fluidly coupled to the lower 

volume when the gate valve is open. A POSITA would have understood and found 

it obvious to implement the gate valve to be a gas-tight seal. Gas-tight gate valves 

for sealing harmful gases that can cause damage were well-known in the art, and a 

POSITA would have been motivated to use one for the gate valve in Hassfjell-Hoff 

for user safety when replacing the polyethene bottle. For example, Ishigaki 

discloses a gate valve that minimizes the chance that compounds in exhaust gas 

will contact a main valve seal. EX1018, Cover. A POSITA would have been 

motivated to configure the Hassfjell-Hoff system to form a gas-tight seal to 

enhance safety for the worker performing collection, and would have had a 

reasonable expectation of success because such gas-tight seals are well-known. 

b. Third Construction 

57. In my opinion, Hassfjell-Hoff additionally discloses this limitation 

according to the third construction provided above: that the system is configured to 
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selectively couple, using a gas tight seal, a volume with the solid precursor isotope 

source and a volume with a collector surface. See §§III(D)(1), (2) (construction of 

“fluidly coupled” and limitation 1c third construction). The gate valve is a gas tight 

seal that is selectively fluidly coupling the solid precursor isotope source to the 

volume that includes a collector surface. When the (gas tight seal) gate valve is 

closed, the solid precursor isotope source is not fluidly coupled. When the (gas 

tight seal) gate valve is open, the solid precursor isotope source is fluidly coupled. 

5. [1d] “wherein the solid precursor isotope source and the 

collector surface are configured such that the one or more 

gaseous progeny isotopes deposit one or more solid progeny 

isotopes on the collector surface.” 

58. In my opinion, Hassfjell-Hoff discloses this limitation. Hassfjell-Hoff 

discloses that the solid precursor isotope source (i.e., packet of [228Th]barium 

stearate) and the collector surface (i.e., the interior walls of the polyethylene 

bottle) are configured such that the one or more gaseous progeny isotopes (i.e., 

gaseous 220Rn) deposit one or more solid progeny isotopes (i.e., 212Pb and 212Bi) on 

the collector surface: 

When the tube is lowered, the filering basket with the 
emanating [228Th]barium stearate becomes positioned 
inside the bottle. The decay products from the emanated 
220Rn, 212Pb and 212Bi, deposit on the walls of the bottle. 
After an appropriate collection time, the tube is pulled 
up, placing the 228Th source in the upper compartment, 
and the gate valve is closed. The polyethylene bottle is 
then removed and the radioactivity easily washed off 
with a suitable solution. 
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EX1003, 7. Hassfjell-Hoff discloses that the filering basket with the emanating 

[228Th]barium stearate becomes positioned inside the bottle such that gaseous 220Rn 

(a progeny isotope of 228Th) emanates from the source and solid progeny isotopes 

(212Pb and 212Bi) are deposited on the interior walls of the bottle (i.e., the collector 

surface). 

C. Claim 3 “The radioisotope generator of claim 1, further 

comprising a valve associated with the solid precursor isotope 

source.” 

59. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the radioisotope generator of claim 1. See §IV(B) (claim 1).  

60. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. See

§III(D)(3) (“associated with” construction). Hassfjell-Hoff discloses “After an 

appropriate collection time, the tube is pulled up, placing the 228Th source in the 

upper compartment, and the gate valve is closed.” EX1003, 7. As shown in Figure 

2, when the gate valve is closed, it separates the collection surface from the solid 

precursor isotope source. Because the function of Hassfjell-Hoff’s gate valve is to 

isolate the solid precursor isotope source before collection time, Hassfjell-Hoff’s 

gate valve is associated with the solid precursor isotope source. 

AdvanCell - Ex. 1002 - Page 45



U.S. Patent No. 12,249,437 

30 
1618391162 

EX1003, Fig. 2. 

D. Claim 4 “The radioisotope generator of claim 1, further 

comprising a vacuum pump attached to the volume.” 

61. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the radioisotope generator of claim 1. See §IV(B) (claim 1).  

62. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. Figure 2 

AdvanCell - Ex. 1002 - Page 46



U.S. Patent No. 12,249,437 

31 
1618391162 

of Hassfjell-Hoff depicts a vacuum pump attached to the upper chamber which in 

turn is attached to the lower chamber (i.e., volume) via the gate valve: 

EX1003, Fig. 2. Thus, Hassfjell-Hoff’s vacuum pump is attached to the volume. 

E. Claim 7 “The radioisotope generator of claim 1, wherein the 

precursor isotope comprises a thorium 228 isotope (228Th) and/or 

a radium 224 isotope (224Ra), the one or more gaseous progeny 

isotopes comprises a radon 220 isotope (220Rn), and the one or 

more solid progeny isotopes comprises a lead 212 isotope (212Pb).” 

63. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the radioisotope generator of claim 1. See §IV(B) (claim 1).  
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64. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. Hassfjell-

Hoff’s precursor isotope comprises 228Th. EX1003, 7 (“When the tube is lowered, 

the filering basket with the emanating [228Th]barium stearate becomes positioned 

inside the bottle.”). Hassfjell-Hoff’s gaseous progeny isotope comprises 220Rn. 

EX1003, 7 (“The decay products from the emanated 220Rn”). The solid progeny 

isotope comprises 212Pb. EX1003, 7 (“212Pb and 212Bi, deposit on the walls of the 

bottle.”). Hassfjell-Hoff also discloses the overall decay chain from 228Th to 224Ra 

to 220Rn to 216Po to 212Pb. EX1003, 7, Fig. 1. 

F. Claim 8 “The radioisotope generator of claim 1, wherein the 

collector surface is an interior surface of a container, and wherein 

the volume is an internal volume of the container.” 

65. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the radioisotope generator of claim 1. See §IV(B) (claim 1).  

66. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner and 

renders them obvious. The collector surface is an interior surface of a container. 

See §IV(B)(4) (limitation 1c); EX1003, 7 (“The decay products from the emanated 

220Rn, 212Pb and 212Bi, deposit on the walls of the bottle.”). As explained above in 

Section IV(B)(4) (limitation 1c), the internal volume of the container is fluidly 

coupled to the solid precursor isotope source. As shown above in Section IV(B)(4) 
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(limitation 1c), Hassfjell-Hoff discloses a gas-tight seal and renders obvious the 

gate valve being a gas tight seal. Alternatively, as shown above in Section IV(B)(4) 

(limitation 1c), Hassfjell-Hoff renders obvious a gas tight seal between the tube 

and the polyethylene bottle. 

G. Claim 9 “The radioisotope generator of claim 8, wherein the solid 

precursor isotope source is configured to be connected to an 

opening of the container.” 

67. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the radioisotope generator of claim 8. See §§IV(B), (F) (claims 1, 8).  

68. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner and 

renders them obvious. See §III(D)(4) (“connected to an opening of the container” 

construction). Figure 2 discloses that, based on the dimensions shown, the solid 

precursor isotope source (i.e., packet of [228Th]barium stearate) is configured to be 

connected to an opening of the container: 
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EX1003, Fig. 2. Figure 2 of Hassfjell-Hoff depicts that the filering basket is 

connected to the tube (i.e., rod) by threads. EX1003, Fig. 2. The threads are 

positioned at the bottom end of the tube. EX1003, Fig. 2. The tube has a diameter 
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of 36 mm. EX1003, Fig. 2. The inner diameter of the mouth of the polyethylene 

bottle is 31 mm. EX1003, Fig. 2. The filering basket containing the [228Th]barium 

stearate has a diameter of 30 mm and a height of 80 mm, and the polyethylene 

bottle has a height of 120 mm. EX1003, Fig. 2. The diameter of the filering basket 

(i.e., 30 mm) is smaller than the inner diameter of the neck of the polyethylene 

bottle (i.e., 31 mm). EX1003, Fig. 2. When the tube is pushed down to lower the 

filering basket, the tube slides on two O-rings, which are described in Figure 2 as 

“centering rings.” EX1003, Fig. 2. Based on these dimensions, a POSITA would 

have understood that the filering basket will be forced to stop being lowered by the 

neck of the bottle because the width of the tube (and threads) exceeds the width of 

the polyethylene bottle. EX1003, Fig. 2. Thus, the solid precursor isotope source in 

the filering basket is connected to the tube, and the tube (when pushed down) is 

connected to the opening of the bottle. EX1003, Fig. 2. Accordingly, a POSITA 

would have understood that a connection is formed between the solid precursor 

isotope source in the filering basket and the opening of the container when the tube 

contacts the neck of the polyethylene bottle. §III(D)(4) (“connected to an opening 

of the container” construction). 

H. Claim 10 “The radioisotope generator of claim 8, further 

comprising the container.” 

69. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the radioisotope generator of claim 8. See §§IV(B), (F) (claims 1, 8).  
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70. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. The 

“polyethylene bottle” is a container. EX1003, Abstract, 7, Fig. 2. 

I. Claim 11 “The radioisotope generator of claim 10, wherein the 

container is configured to removably connect to the solid 

precursor isotope source.” 

71. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the radioisotope generator of claim 10. See §§IV(B), (F), (H) (claims 1, 8, 10).  

72. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim as claimed and in an enabling manner. See §III(D)(5) 

(“removably connect” construction). As explained in reference to claim 9, the solid 

precursor isotope source is disclosed as being able to be connected and removed 

from a “polyethylene bottle” (i.e., the container). See §IV(G) (claim 9). 

73. In addition, the container is disconnected from the solid precursor 

isotope source after an appropriate collection time when the filering basket is 

withdrawn into the upper chamber. EX1003, 7 (“After an appropriate collection 

time, the tube is pulled up, placing the 228Th source in the upper compartment, and 

the gate valve is closed.”). As such, the container is configured to be removably

connected to the solid precursor isotope source. 
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J. Claim 12 “The radioisotope generator of claim 10, further 

comprising a chelator disposed on the interior surface, the 

chelator configured to chelate the one or more solid progeny 

isotopes.” 

74. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the radioisotope generator of claim 10. See §§IV(B), (F), (H) (claims 1, 8, 10).  

75. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. EX1003, 

7 (“About 70% of the radioactivity inside the polyethylene bottle can be easily 

washed off with approx. 30 ml of distilled water. By increasing the ionic strength 

of the washing solution or by adding a chelating agent, the yield increases.”). A 

POSITA would have understood that an example of increasing the ionic strength of 

the washing solution is using a dilute acid rather than distilled water. A POSITA 

would have understood that the “chelating agent” is a chelator. The chelating agent 

is disposed on the walls of the bottle (i.e., the interior surface) and is configured to 

chelate the one or more solid progeny isotopes (i.e., 212Pb) from the interior 

surface. 

K. Claim 14 “The radioisotope generator of claim 10, wherein the 

volume is configured to receive a solvent configured to dissolve 

the one or more solid progeny isotopes from the interior surface.” 

76. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the radioisotope generator of claim 10. See §§IV(B), (F), (H) (claims 1, 8, 10).  
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77. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. Hassfjell-

Hoff discloses the volume (i.e., internal volume of the polyethylene container, see

§IV(F) (claim 8)) is configured to receive a solvent (e.g., a 1.0 M solution of NaCl 

or a solution of NaCl having a concentration of 1.0 M) configured to dissolve the 

one or more solid progeny isotopes from the interior surface. EX1003, 7 (“By 

increasing the ionic strength of the washing solution or by adding a chelating 

agent, the yield increases. With a 1.0 M NaCl solution, 99% of the 212Pb can be 

washed of the walls of the bottle.”). The volume is configured to receive a 1.0 M 

NaCl solution (i.e., a solvent) configured to dissolve the one or more solid progeny 

isotopes (i.e., 212Pb) from the interior walls of the container (i.e., the interior 

surface). In my opinion, a POSITA would have understood that water having a 1.0 

M NaCl solution would dissolve 99% of the solid progeny isotopes from the 

interior surface based on the disclosure of Hassfjell-Hoff. EX1003, 7. Similarly, a 

POSITA would understand that water itself will act as a solvent. Hassfjell-Hoff 

states “About 70% of the radioactivity inside the polyethylene bottle can be easily 

washed off with approx. 30 ml of distilled water” (EX1003, 7), and Norman 

similarly discloses that “the open porosity medium can be dissolved in water in 

order to obtain a solution whose principal radioactivity results from the daughter 

isotopes.” EX1007, 4:1-4. See also 4:47 (“solvent, such as water”). Ordinary water 

AdvanCell - Ex. 1002 - Page 54



U.S. Patent No. 12,249,437 

39 
1618391162 

is also known to dissolve lead, which would include radioactive isotopes such as 

212Pb. See EX1016, 16-17 (describing a mechanism whereby chlorine ions in 

ordinary tap water will dissolve lead oxides in water pipes). In my opinion, a 

POSITA would have understood that the progeny isotope is dissolved by the 

solvent when the porous medium, which contains the progeny isotope, is dissolved. 

L. Claim 15 “The radioisotope generator of claim 1, wherein the 

radioisotope generator is configured to be converted from a first 

configuration in which the collector surface is not in fluid 

communication with the solid precursor isotope source, and a 

second configuration in which the collector surface is in fluid 

communication with the solid precursor isotope source.” 

78. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the radioisotope generator of claim 1. See §IV(B) (claim 1).  

79. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. Hassfjell-

Hoff discloses the radioisotope generator has a first configuration in which the 

collector surface is not in fluid communication with the solid precursor isotope 

source. EX1003, 7 (“the gate valve is closed.”), Fig. 1. As shown in Figure 1, 

when the gate valve is closed, the collector surface is not in fluid communication 

with the solid precursor isotope source because the two are in separate chambers 

separated by the gate valve. EX1003, Fig. 1, 7. Hassfjell-Hoff discloses converting 

from the first configuration (i.e., opening the gate valve). See EX1003, 7. The 

radioisotope generator is also configured to be converted from a second 
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configuration in which the collector surface is in fluid communication with the 

solid precursor isotope source. See §IV(B)(4) (limitation 1c). Hassfjell-Hoff 

discloses converting from the second configuration (with the gate valve open) to 

the first configuration by closing the gate valve. EX1003, 7. 

M. Claim 16 

80. In my opinion, Hassfjell-Hoff discloses this claim arranged as claimed 

and in an enabling manner and renders this claim obvious. 

2. [16pre] “A method of generating a progeny radioisotope, 

the method comprising:” 

81. In my opinion, Hassfjell-Hoff discloses the preamble. See §IV(B)(1) 

(limitation 1pre). Hassfjell-Hoff discloses a method of generating a progeny 

radioisotope using the depicted system. EX1003, 7. 

3. [16a] “allowing one or more gaseous progeny isotopes to 

emanate from a solid precursor isotope source” 

82. In my opinion, Hassfjell-Hoff discloses this limitation. See §IV(B)(2) 

(limitation 1a). Hassfjell-Hoff discloses allowing one or more gaseous progeny

isotopes (i.e., “Rn gas”) to emanate from a solid precursor isotope source (i.e., 

packet of [228Th]barium stearate): 

The packets of [228Th]barium stearate are placed in a 
filering basket mounted by threads to the end of a long 
tube closed in both ends. The filering basket has a 
capacity of 3-4 [228Th]barium stearate packets…. To 
collect the 212Pb and 212Bi, a polyethylene bottle is placed 
inside the collection chamber. 
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When the tube is lowered, the filering basket with the 
emanating [228Th]barium stearate becomes positioned 
inside the bottle. The decay products from the emanated 
220Rn, 212Pb and 212Bi, deposit on the walls of the bottle. 

EX1003, 7. 

4. [16b] “the solid precursor isotope source comprising a 

precursor isotope” 

83. In my opinion, Hassfjell-Hoff discloses this limitation. See §IV(B)(3) 

(limitation 1b). 

5. [16c] “fluidly coupling a volume including a collector 

surface to the solid precursor isotope source using a gas 

tight seal; and” 

84. In my opinion, Hassfjell-Hoff discloses and renders obvious this 

limitation. Hassfjell-Hoff discloses fluidly coupling a volume including a collector 

surface to the solid precursor isotope source using a gas tight seal by opening the 

gate valve to connect the upper volume to the lower volume. See §IV(B)(4) 

(limitation 1c). Alternatively, Hassfjell-Hoff discloses and renders obvious 

lowering the tube so that the filering basket is placed into the polyethylene bottle 

and the chamfered surface near the bottom of the tube forms a gas-tight seal with 

the bottle opening. See §IV(B)(4) (limitation 1c). 

85. Additionally, the gate valve is a gas tight seal that is selectively 

fluidly coupling the solid precursor isotope source to the volume that includes a 

collector surface. When the (gas tight seal) gate valve is closed, the solid precursor 
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isotope source is not fluidly coupled. When the (gas tight seal) gate valve is open, 

the solid precursor isotope source is fluidly coupled. 

6. [16d] “allowing one or more solid progeny isotopes of the 

one or more gaseous progeny isotopes to deposit on the 

collector surface.” 

86. In my opinion, Hassfjell-Hoff discloses this limitation. Hassfjell-Hoff 

discloses allowing one or more solid progeny isotopes (i.e., 212Pb) of the one or 

more gaseous progeny isotopes (i.e., 220Rn) to deposit on the collector surface (i.e., 

walls of the polyethylene bottle). See §IV(B)(5) (limitation 1d). 

N. Claim 17 “The method of claim 16, further comprising flushing 

the collector surface.” 

87. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the method of claim 16. See §IV(M) (claim 16).  

88. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. The 

interior surface of the polyethylene bottle (i.e., collector surface) is washed (i.e., 

flushed) to collect the progeny isotope. EX1003, 6 (“212Pb deposits on the walls of 

a polyethylene bottle, and can be washed off with distilled water”), 7 (“The 

polyethylene bottle is then removed and the radioactivity easily washed off with a 

suitable solution.”). 
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O. Claim 18 “The method of claim 16, wherein fluidly coupling the 

volume to the solid precursor isotope comprises opening a valve 

associated with the solid precursor isotope source.” 

89. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the method of claim 16. See §IV(M) (claim 16).  

90. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner and 

renders them obvious. Hassfjell-Hoff discloses and renders obvious this claim. See

§IV(C) (claim 3). A POSITA would have understood that the gate valve is closed 

when the filering basket is placed in the upper compartment, and that the gate 

valve must be opened to utilize the system. EX1003, 7. 

P. Claim 19 “The method of claim 16, further comprising drawing a 

vacuum in the volume.” 

91. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the method of claim 16. See §IV(M) (claim 16).  

92. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim as claimed and in an enabling manner and renders them 

obvious. Hassfjell-Hoff discloses that the vacuum pump of Figure 2 is attached to 

the volume. See §IV(D) (claim 4). The vacuum pump is disclosed as drawing a 

vacuum in the volume. EX1003, 7 (“The generator is shown in Figs 2 and 3. All 

generator parts…connected to standard high vacuum equipment to avoid leakage 

of radioactivity to the surroundings.”). Hassfjell-Hoff discloses utilizing the 
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vacuum to decrease the pressure inside the volume, which a POSITA would have 

understood to disclose drawing a vacuum in the volume. EX1003, 7 (“The two 

compartments of the generator, one for collection and one for storage, combined 

with the possibility of decreasing the inside pressure, gives the generator a high 

degree of radiation safety.”). 

Q. Claim 22 “The method of claim 16, wherein the precursor isotope 

comprises a thorium 228 isotope (228Th) and/or a radium 224 

isotope (224Ra), the one or more gaseous progeny isotopes 

comprises a radon 220 isotope (220Rn), and the one or more solid 

progeny isotopes comprises a lead 212 isotope (212Pb).” 

93. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the method of claim 16. See §IV(M) (claim 16).  

94. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. See

§IV(E) (claim 7). 

R. Claim 23 “The method of claim 16, wherein the collector surface 

is an interior surface of a container, and wherein the volume is an 

internal volume of the container.” 

95. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the method of claim 16. See §IV(M) (claim 16).  

96. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. See

§IV(F) (claim 8). 

AdvanCell - Ex. 1002 - Page 60



U.S. Patent No. 12,249,437 

45 
1618391162 

S. Claim 24 “The method of claim 23, further comprising connecting 

the solid precursor isotope source to an opening of the container.” 

97. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the method of claim 23. See §§IV(M), (R) (claims 16, 23).  

98. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. Hassfjell-

Hoff discloses connecting the solid precursor isotope source to an opening of the 

container. See §§IV(G), (I) (claims 9, 11). 

T. Claim 25 “The method of claim 23, further comprising removably 

connecting the solid precursor isotope to an opening of the 

container.” 

99. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the method of claim 23. See §§IV(M), (R) (claims 16, 23).  

100. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. Hassfjell-

Hoff discloses removably connecting the solid precursor isotope to an opening of 

the container. See §IV(I) (claim 11). Th-228 is a solid precursor isotope disposed 

in the source. EX1003, 7 (“The desired [228Th]barium stearate precipitated from the 

solution”). 
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U. Claim 26 “The method of claim 23, further comprising chelating 

the one or more solid progeny isotopes using a chelator disposed 

on the interior surface.” 

101. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the method of claim 23. See §§IV(M), (R) (claims 16, 23).  

102. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. See §IV(J) 

(claim 12); EX1003, 7 (“About 70% of the radioactivity inside the polyethylene 

bottle can be easily washed off with approx. 30 ml of distilled water. By increasing 

the ionic strength of the washing solution or by adding a chelating agent, the yield 

increases.”). 

V. Claim 28 “The method of claim 23, further comprising receiving a 

solvent in the volume, and dissolving the one or more solid 

progeny isotopes from the interior surface in the solvent.” 

103. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the method of claim 23. See §§IV(M), (R) (claims 16, 23).  

104. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. See

§IV(K) (claim 14). Hassfjell-Hoff discloses that distilled water is received within 

the volume defined by the polyethylene bottle. EX1003, 7 (“About 70% of the 

radioactivity inside the polyethylene bottle can be easily washed off with approx. 

30 ml of distilled water.”). A POSITA would have known that distilled water is a 
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solvent used to dissolve the solid progeny isotopes from the interior surface. See

§IV(K) (claim 14). 

W. Claim 29 “The method of claim 16, wherein fluidly coupling the 

volume to the solid precursor isotope source comprises converting 

a radioisotope generator from a first configuration in which the 

collector surface is not in fluid communication with the solid 

precursor isotope source to a second configuration in which the 

collector surface is in fluid communication with the solid 

precursor isotope source.” 

105. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the method of claim 16. See §IV(M) (claim 16).  

106. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. See

§IV(L) (claim 15). Hassfjell-Hoff’s radioisotope generator is configured to be 

converted from a first configuration in which the collector surface is not in fluid 

communication with the solid precursor isotope source (i.e., the gate valve is 

closed) to a second configuration in which the collector surface is in fluid 

communication with the solid precursor isotope source (i.e., with the gate valve 

open). EX1003, 7; §IV(L) (claim 15). 

X. Claim 31 “The method of claim 18, further comprising closing the 

valve to isolate the volume from the solid precursor isotope 

source.” 

107. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the method of claim 18. See §§IV(M), (O) (claims 16, 18).  
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108. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner and 

renders them obvious. Hassfjell-Hoff discloses closing the valve to isolate the 

volume from the solid precursor isotope source. EX1003, 7 (“After an appropriate 

collection time, the tube is pulled up, placing the 228Th source in the upper 

compartment, and the gate valve is closed.”). A POSITA would have understood 

that closing the gate valve after the tube is pulled up isolates the volume from the 

solid precursor isotope source. 

Y. Claim 32 “The method of claim 16, wherein the solid precursor 

isotope is bound to a non-radioactive material.” 

109. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the method of claim 16. See §IV(M) (claim 16).  

110. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner and 

renders them obvious. Th-228 is a solid precursor isotope disposed in the source. 

EX1003, 7 (“The desired [228Th]barium stearate precipitated from the solution”). 

The solid precursor isotope is bound to a filter membrane, which a POSITA would 

have understood is a non-radioactive material. EX1003, 7 (“The desired 

[228Th]barium stearate precipitated from the solution was filtered onto a 0.8 µm 

filter membrane (Gelman, U.S.), and washed with 25 ml of 100% methanol. The 

filter membrane was folded and wrapped up in two additional filters to avoid any 
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loss of [228Th]barium stearate.”). A POSITA would have understood “Gelman, 

U.S.” to refer to a well-known supplier of non-radioactive filter membranes. For 

example, Bhagwatwar discloses that Gelman filter membranes (used in the same 

way as practiced by Hassfjell-Hoff) were made from 0.2 µm nylon 66 sterilizing 

grade. See EX1012, [0014], [0041], [0047]-[0049]. Nylon 66 is non-radioactive 

because it is a linear polyamide that does not include any radioactive compounds. 

EX1013, cl. 8 (showing the chemical formula of nylon 66 does not include any 

radioactive atoms or compounds). 

Z. Claim 34 “The method of claim 23, forming at least a portion of a 

single chamber with the solid precursor isotope source and the 

container.” 

111. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the method of claim 23. See §§IV(M), (R) (claims 16, 23).  

112. As I explain below, this claim is indefinite. See §XII(B).  

113. I have been asked to address this claim under the assumption that 

Patent Owner argues that this claim should be construed to require “[t]he method 

of claim 23, further comprising.” Under this construction, in my opinion, 

Hassfjell-Hoff further discloses the additional limitations of this claim arranged as 

claimed and in an enabling manner and renders them obvious. See §III(D)(6) 

(“with” construction). Hassfjell-Hoff’s system includes a gate valve that 

opens/closes, such that when it is opened there is a single chamber that includes 
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the solid precursor isotope source and the container. EX1003, 7, Fig. 2. When the 

gate valve is closed there are two separate chambers, the lower and upper 

chambers. Thus, opening the gate valve form[s]…a single chamber. EX1003, 7. 

AA. Claim 35 “The radioisotope generator of claim 3, wherein the 

valve is configured to isolate the solid precursor isotope from the 

volume in a closed position.” 

114. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the radioisotope generator of claim 3. See §§IV(B)-(C) (claims 1, 3).  

115. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner because it 

discloses the valve (i.e., gate valve) is configured to isolate the solid precursor 

isotope from the volume in a closed position (i.e., when closed, the gate valve 

isolates the solid precursor isotope from the container). See §IV(X) (claim 31). 

BB. Claim 36 “The radioisotope generator of claim 1, wherein the 

solid precursor isotope is bound to a non-radioactive material.” 

116. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the radioisotope generator of claim 1. See §IV(B) (claim 1).  

117. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. See

§IV(Y) (claim 32). Th-228 is a solid precursor isotope disposed in the source. 

EX1003, 7 (“The desired [228Th]barium stearate precipitated from the solution”). 
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The solid precursor isotope is bound to a filter membrane, which a POSITA would 

have understood is a non-radioactive material. See §IV(Y) (claim 32). 

CC. Claim 38 “The radioisotope generator of claim 10, wherein the 

solid precursor isotope source and the container form at least a 

portion of a single chamber when fluidly coupled.” 

118. As I explained above, Hassfjell-Hoff discloses and renders obvious 

the radioisotope generator of claim 10. See §§IV(B), (F), (H) (claims 1, 8, 10).  

119. In my opinion, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. See

§IV(Z) (claim 34). 

V. GROUND 2: CLAIMS 1, 3, 5-7, 15-16, 18, 20-22, 29-33, AND 35-37 

ARE ANTICIPATED AND RENDERED OBVIOUS BY NORMAN 

A. Norman 

120. United States Patent No. 5,038,046 to Norman et al. (“Norman”) was 

filed on July 10, 1990 and issued on August 6, 1991. EX1007, 1. As such, Norman 

was published and available to the public no later than August 6, 1991. EX1007, 1. 

I have been informed that O’Hara qualifies as prior art under 35 U.S.C. §102(a).

121. Norman discloses a method and generator for preparing the 

radioisotope of lead, 212Pb, whereby 228Th, in a closed first chamber 10, is allowed 

to decay to gaseous 220Rn which is then readily separated from the thorium and 

other decay products by diffusing the 220Rn gas into a second chamber 12, where it 
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decays to 212Pb which can then be collected from the second chamber. See 

EX1007, Abstract.  

EX1007, Fig. 2.  
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EX1007, Fig. 1. Figures 1 and 2 are each an “alternate embodiment of the 

generator.” EX1007, 2:40-45, 7:65-8:1. 

122. In my opinion, Norman is analogous art to the 437 patent. Norman is 

from the same field of endeavor as the 437 patent. They are both in the field of 

radioisotope generators. See EX1001, 1:20-27 (describing diffusion generators and 

methods for obtaining a container comprising 212Pb radioisotope); EX1007, 

Abstract, 1:5-8. In addition, Norman is reasonably relevant to the problem the 437 

patent is concerned with, as shown in my analysis below in Sections V(B)-(HH).  

123. Moreover, as shown below, it was a material error for certain claims 

of the 437 patent to issue over Norman. 
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B. Claim 1  

124. In my opinion, Norman discloses this claim arranged as claimed and 

in an enabling manner and renders this claim obvious. 

1. [1pre] “A radioisotope generator comprising:” 

125. In my opinion, Norman discloses the preamble. EX1007, Abstract (“A 

method and generator for preparing the radioisotope of lead, 212Pb”).
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EX1007, Fig. 2. 

2. [1a] “a solid precursor isotope source configured to 

emanate one or more gaseous progeny isotopes” 

126. In my opinion, Norman discloses this limitation. The combination of 

the 228Th in a matrix, is a solid precursor isotope source. EX1007, 3:53-56 (“228Th 

compounds can be ground into super fine particles which are dispersed into a 
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matrix”). Norman discloses that the matrix is a solid. EX1007, 3:53-56 (“graphite 

particles, alumina, and inert ceramic”). The 228Th in the matrix is configured to 

emanate one or more gaseous progeny isotopes. EX1007, Abstract (“228Th, in a 

closed chamber, is allowed to decay into gaseous 220Rn which is then readily 

separated from the thorium and other decay products by diffusing the 220Rn gas 

into a second chamber”). 

3. [1b] “the solid precursor isotope source comprising a 

precursor isotope; and” 

127. In my opinion, Norman discloses this limitation. The combination of 

the 228Th in a matrix (i.e., solid precursor isotope source) includes the precursor 

isotope 228Th. See §V(B)(2) (limitation 1a). 

4. [1c] “wherein the solid precursor isotope source is 

configured to be fluidly coupled to a volume including a 

collector surface using a gas tight seal, and” 

a. First and Second Constructions 

128. In my opinion, Norman discloses and renders obvious this limitation 

under either the first or second constructions of limitation 1c. See §§III(D)(1), (2) 

(constructions of “fluidly coupled” and limitation 1c). As shown in Figure 2, the 

solid precursor isotope source 40 is fluidly coupled to the second chamber 12 (a 

volume) through gas permeable membrane 14.  
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EX1007, Fig. 2, 6:12-21 (“the generator comprises a parental chamber 10, a 

receiving chamber 12, and a gas elute means such as gas permeable membrane 14 

interposed between and separating the two chambers 10 and 12. The gas permeable 

membrane 14 must have a pore size sufficient to permit the rapid diffusion of the 

gaseous intermediary therethrough while, at the same time, preventing the parent 

isotope from passing into receiving chamber 12.”).  

129. Norman’s embodiment in Figure 1 discloses a solid precursor isotope 

source is configured to be fluidly coupled to a volume including a collector surface 

using a gas tight seal. EX1007, 7:22-25 (“If the receiving chamber is also closed, 
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i.e., both plungers 22 and 30 are inserted and secured with end caps 24 and 32, the 

escape of radon from the generator is prevented.”).  

EX1007, Fig. 1.

130. Norman discloses a collector surface is the sides of the collecting 

chamber 12. EX1007, 3:8-11 (“Decay of 220Rn to 212Pb (via very short lived 

polonium-216) causes recoils which tend to embed the lead in the open porosity 

porous medium as well as in any other solid exposed to the radon.”). 

Alternatively, Norman discloses that the collector surface is a porous medium. 

EX1007, 3:4-20.  

131. A POSITA would have understood that Norman discloses that the 

embodiment of Figure 2 has the solid precursor isotope source (i.e., 228Th 
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encapsulated in a matrix) configured to be fluidly coupled to a volume including a 

collector surface (i.e., the collecting chamber 12 via the gas permeable membrane 

14) using a gas tight seal (i.e., by which the escape of radon from the generator is 

prevented). EX1007, Fig. 2. 

132. To the extent Norman does not expressly disclose that Figure 2 has a 

gas-tight seal, it would have been obvious to a POSITA to utilize the teaching of 

Norman regarding having a gas tight seal for Figure 1 in the Figure 2 embodiment. 

A POSITA would have been motivated to make this combination at least because 

such embodiments are described in the same prior art reference, are fully 

compatible with each other, could have been combined with minimal effort to 

achieve predictable results, and to minimize radiation leakage. 

a. Third Construction 

133. Additionally, in my opinion, Norman discloses this limitation 

according to the third construction provided above: that the system is configured to 

selectively couple, using a gas tight seal, a volume with the solid precursor isotope 

source and a volume with a collector surface. See §§III(D)(1), (2) (construction of 

“fluidly coupled” and limitation 1c third construction). Norman’s stopcock is a gas 

tight seal that is selectively fluidly coupling the solid precursor isotope source to 

the volume that includes a collector surface. Norman discloses using a stopcock 

(i.e., valve) that can be opened to allow the solid precursor isotope source to 
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emanate gaseous progeny isotopes from the first chamber 10 to the second 

chamber 12. EX1007, 8:33-41 (“it is apparent that the reactor could be designed 

such that the two chambers are physically separated from each other and connected 

by a passageway through which the gaseous product could diffuse without 

permitting transfer of any solid material, e.g., a stopcock. Thus, when the stopcock 

is opened, the gaseous 220Rn diffuses from parental chamber 10 into the collection 

chamber 12.”). When the (gas tight seal) stopcock is closed, the solid precursor 

isotope source is not fluidly coupled. When the (gas tight seal) stopcock is open, 

the solid precursor isotope source is fluidly coupled. 

5. [1d] “wherein the solid precursor isotope source and the 

collector surface are configured such that the one or more 

gaseous progeny isotopes deposit one or more solid progeny 

isotopes on the collector surface.” 

134. In my opinion, Norman discloses this limitation. EX1007, Abstract 

(“A method and generator for preparing the radioisotope of lead, 212Pb, whereby 

228Th, in a closed chamber, is allowed to decay to gaseous 220Rn which is then 

readily separated from the thorium and other decay products by diffusing the 220Rn 

gas into a second chamber, where it decays to 212Pb which can then be collected 

from the second chamber.”), 2:65-3:11 (“the process and generator of the present 

invention involve the decay of a parent isotope, such as 228Th, within a first closed 

chamber to yield a gaseous decay product, such as 220Rn…Decay of 220Rn to 212Pb 

(via very short lived polonium-216) causes recoils which tend to embed the lead in 
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the open porosity porous medium as well as in any other solid exposed to the 

radon.”). 

C. Claim 3 “The radioisotope generator of claim 1, further 

comprising a valve associated with the solid precursor isotope 

source.” 

135. As I explained above, Norman discloses and renders obvious the 

radioisotope generator of claim 1. See §V(B) (claim 1).  

136. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. See §III(D)(3) 

(“associated with” construction). Norman discloses using a stopcock (i.e., valve) 

that can be opened to allow the solid precursor isotope source to emanate gaseous 

progeny isotopes from the first chamber 10 to the second chamber 12. EX1007, 

8:33-41 (“it is apparent that the reactor could be designed such that the two 

chambers are physically separated from each other and connected by a passageway 

through which the gaseous product could diffuse without permitting transfer of any 

solid material, e.g., a stopcock. Thus, when the stopcock is opened, the gaseous 

220Rn diffuses from parental chamber 10 into the collection chamber 12.”). 

D. Claim 5 “The radioisotope generator of claim 1, wherein the solid 

precursor isotope source comprises a porous material configured 

to retain the precursor isotope.” 

137. As I explained above, Norman discloses and renders obvious the 

radioisotope generator of claim 1. See §V(B) (claim 1).  
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138. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. The solid precursor 

isotope source (i.e., 228Th in the matrix) comprises a porous material (e.g., “inert 

materials…form…a porous matrix”) configured to retain the precursor isotope. 

EX1007, 7:60-64 (“Other inert materials which allow free diffusion of the 220Rn 

gas therethrough and are not subject to important decomposition by radiation may 

be used to form such a porous matrix for the 228Th, including but not limited to 

alumina and inert ceramic.”). 

E. Claim 6 “The radioisotope generator of claim 5, wherein the 

precursor isotope is absorbed, adsorbed, and/or encapsulated by 

the porous material.” 

139. As I explained above, Norman discloses and renders obvious the 

radioisotope generator of claim 5. See §§V(B), (D) (claims 1, 5).  

140. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. Norman discloses that 

the precursor isotope is…encapsulated by the porous material. EX1007, 7:51-56 

(“super fine particles of 228Th are dispersed within a porous matrix, such as, for 

example, similarly powdered graphite, that will not absorb the 220Rn gas. The 

mixture can be compacted so that the 228Th is encapsulated within the graphite and 

forms a graphite disc 40 as shown in FIG. 2.”). 
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F. Claim 7 “The radioisotope generator of claim 1, wherein the 

precursor isotope comprises a thorium 228 isotope (228Th) and/or 

a radium 224 isotope (224Ra), the one or more gaseous progeny 

isotopes comprises a radon 220 isotope (220Rn), and the one or 

more solid progeny isotopes comprises a lead 212 isotope (212Pb).” 

141. As I explained above, Norman discloses and renders obvious the 

radioisotope generator of claim 1. See §V(B) (claim 1).  

142. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. See EX1007, Abstract 

(“A method and generator for preparing the radioisotope of lead, 212Pb, whereby 

228Th, in a closed chamber, is allowed to decay to gaseous 220Rn which is then 

readily separated from the thorium and other decay products by diffusing the 220Rn 

gas into a second chamber, where it decays to 212Pb which can then be collected 

from the second chamber.”). 

G. Claim 15 “The radioisotope generator of claim 1, wherein the 

radioisotope generator is configured to be converted from a first 

configuration in which the collector surface is not in fluid 

communication with the solid precursor isotope source, and a 

second configuration in which the collector surface is in fluid 

communication with the solid precursor isotope source.” 

143. As I explained above, Norman discloses and renders obvious the 

radioisotope generator of claim 1. See §V(B) (claim 1).  

144. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. Norman’s stopcock 

allows the generator to be converted from a first configuration in which the 
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collector surface is not in fluid communication with the solid precursor isotope 

source, and a second configuration in which the collector surface is in fluid 

communication with the solid precursor isotope source. EX1007, 8:33-41 (“it is 

apparent that the reactor could be designed such that the two chambers are 

physically separated from each other and connected by a passageway through 

which the gaseous product could diffuse without permitting transfer of any solid 

material, e.g., a stopcock. Thus, when the stopcock is opened, the gaseous 220Rn 

diffuses from parental chamber 10 into the collection chamber 12.”).

H. Claim 16 

145. In my opinion, Norman discloses this claim arranged as claimed and 

in an enabling manner and renders this claim obvious. 

1. [16pre] “A method of generating a progeny radioisotope, 

the method comprising:” 

146. In my opinion, Norman discloses the preamble. See §V(B)(1) 

(limitation 1pre). Norman discloses a method of generating a progeny radioisotope 

using the depicted system. EX1007, Abstract (“A method and generator for 

preparing the radioisotope of lead, 212Pb, whereby 228Th, in a closed chamber, is 

allowed to decay to gaseous 220Rn which is then readily separated from the thorium 

and other decay products by diffusing the 220Rn gas into a second chamber, where 

it decays to 212Pb which can then be collected from the second chamber.”).
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2. [16a] “allowing one or more gaseous progeny isotopes to 

emanate from a solid precursor isotope source” 

147. In my opinion, Norman discloses this limitation. See §V(B)(2) 

(limitation 1a). EX1007, Abstract (“228Th, in a closed chamber, is allowed to decay 

into gaseous 220Rn which is then readily separated from the thorium and other 

decay products by diffusing the 220Rn gas into a second chamber.”). 

3. [16b] “the solid precursor isotope source comprising a 

precursor isotope” 

148. In my opinion, Norman discloses this limitation. See §V(B)(3) 

(limitation 1b). 

4. [16c] “fluidly coupling a volume including a collector 

surface to the solid precursor isotope source using a gas 

tight seal; and” 

149. In my opinion, Norman discloses this limitation and renders it 

obvious. See §V(B)(4) (limitation 1c). 

5. [16d] “allowing one or more solid progeny isotopes of the 

one or more gaseous progeny isotopes to deposit on the 

collector surface.” 

150. In my opinion, Norman discloses this limitation. See §V(B)(5) 

(limitation 1d). 

I. Claim 18 “The method of claim 16, wherein fluidly coupling the 

volume to the solid precursor isotope comprises opening a valve 

associated with the solid precursor isotope source.” 

151. As I explained above, Norman discloses and renders obvious the 

method of claim 16. See §V(H) (claim 16).  
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152. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. Norman discloses 

fluidly coupling the volume to the solid precursor isotope comprises opening a 

valve (i.e., “stopcock”) associated with the solid precursor isotope source. 

EX1007, 8:33-41; §V(C) (claim 3). 

J. Claim 20 “The method of claim 16, wherein the solid precursor 

isotope source comprises a porous material configured to retain 

the precursor isotope.” 

153. As I explained above, Norman discloses and renders obvious the 

method of claim 16. See §V(H) (claim 16).  

154. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. See §V(D) (claim 5). 

K. Claim 21 “The method of claim 20, wherein the precursor isotope 

is absorbed, adsorbed, and/or encapsulated by the porous 

material.” 

155. As I explained above, Norman discloses and renders obvious the 

method of claim 20. See §§V(H), (J) (claims 16, 20).  

156. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. See §V(E) (claim 6); 

EX1007, 7:51-56. 
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L. Claim 22 “The method of claim 16, wherein the precursor isotope 

comprises a thorium 228 isotope (228Th) and/or a radium 224 

isotope (224Ra), the one or more gaseous progeny isotopes 

comprises a radon 220 isotope (220Rn), and the one or more solid 

progeny isotopes comprises a lead 212 isotope (212Pb).” 

157. As I explained above, Norman discloses and renders obvious the 

method of claim 16. See §V(H) (claim 16).  

158. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. See §V(F) (claim 7); 

EX1007, Abstract. 

M. Claim 29 “The method of claim 16, wherein fluidly coupling the 

volume to the solid precursor isotope source comprises converting 

a radioisotope generator from a first configuration in which the 

collector surface is not in fluid communication with the solid 

precursor isotope source to a second configuration in which the 

collector surface is in fluid communication with the solid 

precursor isotope source.” 

159. As I explained above, Norman discloses and renders obvious the 

method of claim 16. See §V(H) (claim 16).  

160. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. See §V(G) (claim 15). 

EX1007, 8:33-41. 

N. Claim 30 “The method of claim 16, further comprising forming a 

radiopharmaceutical using the one or more solid progeny 

isotopes.” 

161. As I explained above, Norman discloses and renders obvious the 

method of claim 16. See §V(H) (claim 16).  
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162. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. A POSITA would have 

understood that Norman discloses using a radioisotope generator to form[] a 

radiopharmaceutical using…solid progeny isotopes. EX1007, Abstract 

(“The 212Pb can be recovered from this medium by dissolving the medium or by 

reacting it with an antibody-chelating complex solution to entrap it in the antibody-

chelating complex”), 1:17-24 (“Radiation therapy has long been used in the 

treatment of cancer and other localized lesions. The development of monoclonal 

antibodies, which can be targeted to specific cells with a high degree of specificity, 

has made it possible to selectively deliver radioactive agents predominantly to 

specifically targeted cells. The choice of an appropriate radioactive isotope is the 

critical aspect in targeting radiation therapy.”).

O. Claim 31 “The method of claim 18, further comprising closing the 

valve to isolate the volume from the solid precursor isotope 

source.” 

163. As I explained above, Norman discloses and renders obvious the 

method of claim 18. See §§V(H)-(I) (claims 16, 18).  

164. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. Norman discloses 

closing the valve (i.e., “stopcock”) to isolate the volume from the solid precursor 

isotope source. EX1007, 8:33-41. 
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P. Claim 32 “The method of claim 16, wherein the solid precursor 

isotope is bound to a non-radioactive material.” 

165. As I explained above, Norman discloses and renders obvious the 

method of claim 16. See §V(H) (claim 16).  

166. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. Norman discloses that 

the solid precursor isotope is bound to “inert ceramic,” which a POSITA would 

have understood to be a non-radioactive material. EX1007, 7:51-64. Th-228 is a 

solid disposed in the matrix. See §V(B)(3) (limitation 1b). 

Q. Claim 33 “The method of claim 32, wherein the non-radioactive 

material is a ceramic.” 

167. As I explained above, Norman discloses and renders obvious the 

method of claim 32. See §§V(H), (P) (claims 16, 32).  

168. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. See §V(P) (claim 32). 

EX1007, 7:51-64. 

R. Claim 35 “The radioisotope generator of claim 3, wherein the 

valve is configured to isolate the solid precursor isotope from the 

volume in a closed position.” 

169. As I explained above, Norman discloses and renders obvious the 

radioisotope generator of claim 3. See §§V(B)-(C) (claims 1, 3).  

170. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. Norman discloses the 

AdvanCell - Ex. 1002 - Page 85



U.S. Patent No. 12,249,437 

70 
1618391162 

valve (i.e., stopcock) is configured to isolate the solid precursor isotope from the 

volume in a closed position. See §V(O) (claim 31). 

S. Claim 36 “The radioisotope generator of claim 1, wherein the 

solid precursor isotope is bound to a non-radioactive material.” 

171. As I explained above, Norman discloses and renders obvious the 

radioisotope generator of claim 1. See §V(B) (claim 1).  

172. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. See §V(P) (claim 32). 

Th-228 is a solid disposed in the matrix. See §V(B)(3) (limitation 1b). 

T. Claim 37 “The radioisotope generator of claim 36, wherein the 

non-radioactive material is a ceramic.” 

173. As I explained above, Norman discloses and renders obvious the 

radioisotope generator of claim 36. See §§V(B), (S) (claims 1, 36).  

174. In my opinion, Norman further discloses the additional limitations of 

this claim arranged as claimed and in an enabling manner. See §V(Q) (claim 33). 

VI. GROUND 3: CLAIMS 1, 3-12, 14-26, AND 28-38 ARE OBVIOUS 

OVER HASSFJELL-HOFF AND NORMAN 

A. Hassfjell-Hoff 

175. My explanation of the Hassfjell-Hoff reference is above and 

incorporated here by reference into Ground 3. See §IV(A). 

AdvanCell - Ex. 1002 - Page 86



U.S. Patent No. 12,249,437 

71 
1618391162 

B. Norman 

176. My explanation of the Norman reference is above and incorporated 

here by reference into Ground 3. See §V(A). 

C. Motivation to Combine 

177. To the extent that the gas-tight seal is construed as modifying the 

volume (See §III(D)(2) (second 1c construction)), in my opinion, a POSITA would 

have found it obvious to implement Hassfjell-Hoff such that there is a gas-tight 

seal around the collection container during collection as disclosed by Norman. 

Specifically, a POSITA would modify Hassfjell-Hoff such that its tube forms a 

gas-tight seal with the polyethylene bottle when the filering basket is lowered into 

the interior of the polyethylene bottle. This is because a gas-tight seal between the 

bottom of the tube and the polyethylene bottle would limit the radioactive 

contamination on the outside of the polyethylene bottle, particularly the shoulder 

portion of the bottle connected to the neck. For example, the opening of the 

polyethylene bottle in Fig. 1 of Hassfjell-Hoff has an inner diameter of 31mm 

while the tube has a diameter of 36mm, which enables the chamfered bottom of the 

tube to have an interference fit inside the opening of the polyethylene bottle when 

the tube is fully lowered. EX1003, Fig. 1. A POSITA would have found it obvious 

to configure the surface at the top of the inner neck of the polyethylene bottle to 

mate with the chamfered end of the tube to enhance the integrity with a gas-tight 
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seal between the end of the tube and the bottle. In addition, the bottle is made of 

polyethylene, which a POSITA would have understood would not allow the radon 

gas to escape. EX1003, 6 (“gas-tight collection chamber”). A POSITA would have 

been motivated to configure the Hassfjell-Hoff system to form a gas-tight seal 

between the tube and the polyethylene bottle to enhance safety for the worker that 

is replacing the collection container, and would have had a reasonable expectation 

of success because such gas-tight seals are well-known. 

178. Specifically, in my opinion, a POSITA would have been motivated to 

combine Hassfjell-Hoff and Norman to implement the Hassfjell-Hoff system with 

Norman’s gas tight seal on the collection chamber. See §§III(D)(1), (2) 

(construction of “fluidly coupled” and limitation 1c second construction). A 

POSITA would have understood that doing so would have been advantageous 

because the gas tight seal on the collection chamber of Norman would reduce the 

possibility of outside contamination or allowing radioactivity to escape the 

container. EX1007, 2:49-52 (“This invention is directed to a simple and 

inexpensive process and a generator for producing radioactive isotopes which is 

rapid, simple and substantially free of contamination.”). Norman discloses using a 

gas tight seal on the collection chamber. EX1007, 7:22-25 (“If the receiving 

chamber is also closed, i.e., both plungers 22 and 30 are inserted and secured with 

end caps 24 and 32, the escape of radon from the generator is prevented.”). A 
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POSITA would have understood that there were well-known ways to create a gas-

tight seal on the collection chamber, for example using sealed containers that are 

compatible with radiopharmaceuticals. EX1017, Cover, Figs. 3-9. This 

modification would have been within the skill and knowledge of a POSITA, would 

have led to predictable results, would have created a reasonable expectation of 

success, would have been compatible with Hassfjell-Hoff, and would have been a 

mere design choice. 

179. Moreover, in my opinion, a POSITA would have been motivated to 

combine Hassfjell-Hoff and Norman to substitute the barium stearate precursor 

isotope source of Hassfjell-Hoff with the ceramic precursor isotope source of 

Norman because Norman lists barium stearate and inert ceramic as alternative 

materials acceptable for use with 228Th as a precursor isotope source. EX1007, 

3:44-56. Norman further identifies a porous matrix as an acceptable alternative to 

the inert ceramic material. EX1007, 7:48-59. These modifications would have been 

within the skill and knowledge of a POSITA, would have led to predictable results, 

would have created a reasonable expectation of success, would have been 

compatible with Hassfjell-Hoff, and would have been a mere design choice. 

180. Further, in my opinion, a POSITA would also have been motivated to 

combine Hassfjell-Hoff and Norman to implement the Hassfjell-Hoff system to 

form a radiopharmaceutical as disclosed in Norman. A POSITA would have 
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understood that doing so would have been advantageous because 212Pb was known 

to be a radioactive material useful as a radioisotope and would have looked to 

Norman to describe how to formulate a radiopharmaceutical. EX1007, Abstract, 

1:17-24. These modifications would have been within the skill and knowledge of a 

POSITA, would have led to predictable results, would have created a reasonable 

expectation of success, and would have been compatible with Hassfjell-Hoff. 

D. Claim 1  

181. In my opinion, Hassfjell-Hoff and Norman render this claim obvious. 

1. [1pre] “A radioisotope generator comprising:”  

[1a] “a solid precursor isotope source configured to 

emanate one or more gaseous progeny isotopes” 

[1b] “the solid precursor isotope source comprising a 

precursor isotope; and 

…. 

[1d] “wherein the solid precursor isotope source and the 

collector surface are configured such that the one or more 

gaseous progeny isotopes deposit one or more solid progeny 

isotopes on the collector surface.” 

182. In my opinion, Hassfjell-Hoff discloses these limitations. See 

§§IV(B)(1)-(3), (5) (limitations 1pre, 1a, 1b, 1d). 

2. [1c] “wherein the solid precursor isotope source is 

configured to be fluidly coupled to a volume including a 

collector surface with a gas tight seal, and” 

183. As explained above, this limitation is disclosed by Hassfjell-Hoff 

(§IV(B)(4) (limitation 1c)) and is disclosed by Norman (§V(B)(4) (limitation 1c)).  
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184. Moreover, in my opinion, this limitation is obvious by Hassfjell-Hoff 

in view of Norman. §§III(D)(1), (2) (construction of “fluidly coupled” and 

limitation 1c constructions). To the extent this claim is construed to require a gas-

tight seal on the collection chamber during collection, a POSITA would have been 

motivated to modify Hassfjell-Hoff to include a gas-tight seal as taught by 

Norman. See §VI(C) (motivation to combine). 

E. Claims 3-4, 7-12, 14-15, 35-36, and 38 

185. As I explained above, Hassfjell-Hoff in view of Norman renders 

obvious claim 1. See §VI(D) (claim 1). 

186. As I explained above, the additional limitations of these claims are 

disclosed by Hassfjell-Hoff. See §§IV(C)-(L), (AA)-(CC) (claims 3-4, 7-12, 14-15, 

35-36, and 38). Therefore, these claims are rendered obvious by Hassfjell-Hoff in 

view of Norman.  

F. Claim 16 

187. In my opinion, Hassfjell-Hoff in view of Norman renders this claim 

obvious. See §IV(M); §V(H); §VI(D). 

G. Claims 17-19, 22-26, 28-29, 31-32, and 34 

188. As I explained above, Hassfjell-Hoff in view of Norman renders 

obvious claim 16. See §VI(F) (claim 16). 

189. As I explained above, the additional limitations of these claims are 

disclosed by Hassfjell-Hoff. See §§IV(N)-(Z), (CC) (claims 17-19, 22-26, 28-29, 
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31-32, and 34). Therefore, these claims are rendered obvious by Hassfjell-Hoff in 

view of Norman.  

H. Claims 5-6, 20-21, 33, and 37 

190. As I explained above, these claims are disclosed and rendered obvious 

by Norman. See §§V(D)-(E), (J)-(K), (Q), (T) (claims 5-6, 20-21, 33, and 37).

191.  Moreover, these limitations are obvious by Hassfjell-Hoff in view of 

Norman. See §§VI(D), (F) (claims 1, 16). A POSITA would have been motivated 

by Norman to use a ceramic with the 228Th precursor isotope in place of the solid 

precursor isotope source disclosed in Hassfjell-Hoff. See §VI(C)(2) (motivation to 

combine). Further, a POSITA would have been motivated by Norman to use a 

porous material in place of the solid precursor isotope source disclosed in 

Hassfjell-Hoff. See §VI(C)(2) (motivation to combine). A POSITA would have 

known that the precursor isotope would be encapsulated by the porous material. 

See §VI(C)(2) (motivation to combine).

I. Claim 30 “The method of claim 16, further comprising forming a 

radiopharmaceutical using the one or more solid progeny 

isotopes.” 

192. As explained above, this claim is disclosed and rendered obvious by 

Norman. See §V(N) (claim 30).  

193. Moreover, in my opinion, claim 30 is obvious by Hassfjell-Hoff in 

view of Norman. A POSITA would have been motivated by Norman to use the 
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method disclosed by Hassfjell-Hoff to form a radiopharmaceutical using the 212Pb 

progeny isotope. See §VI(C) (motivation to combine). 

VII. GROUND 4: CLAIM 2 IS OBVIOUS OVER HASSFJELL-HOFF AND 

IAEA 

A. Hassfjell-Hoff 

194. My explanation of the Hassfjell-Hoff reference is above and 

incorporated here by reference into Ground 4. See §IV(A). 

B. IAEA 

195. IAEA is a reference document published in 2013 and entitled 

“Radiotracer Generators for Industrial Applications.” EX1008. IAEA was part of 

the “IAEA Radiation Technology Series No. 5,” published in 2013. EX1008, 1 

(cover page), 5 (copyright notice page). “IAEA Radiation Technology Series No. 

5,” was assigned ISBN 978-92-0-135410-5 (EX1008, 5) and was received by the 

University of Michigan Library on July 11, 2013. EX1008, 6 (forward page). As 

such, IAEI was published and available to the public no later than July 11, 2013. 

EX1008, 6. IAEA was publicly accessible and indexed as a publication in public 

catalogs such as e.g., the WorldCat index. EX1014. 

196. A POSITA would have understood that publications of international 

consortiums are reliable sources for information and would have been capable of 

accessing them well before the alleged filing date of the 437 patent.  
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197. I have been informed that IAEA qualifies as prior art under 35 U.S.C. 

§102(a).  

198. IAEA discloses principles for the development of and examples of 

radionuclide generators that produce radionuclides. EX1008, 12-39. Among these 

radionuclide generators, IAEA discloses: 

The most common radionuclide generators are based on sorption of 
the mother radionuclide on a column support material with subsequent 
and selective elution of the daughter radionuclide from the column 
with some elution agent (Fig. 6) while the mother remains on the 
column support. 

EX1008, 18. Figure 6 of IAEA is reproduced below: 

EX1008, Fig. 6. As shown in Figure 6, an elution agent is added to the column to 

remove the daughter radionuclide for use. 
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199. Additional examples of radionuclide generators are shown in Figures 

19 and 20 of IAEA: 

EX1008, Fig. 19. 
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EX1008, Fig. 20. 

200. In each of Figures 19 and 20, a flushing circuit is shown that provides 

an elution liquid used to chelate the daughter radionuclide for removal from the 

system. 

201. In my opinion, IAEA is analogous art to the 437 patent. IAEA is from 

the same field of endeavor as the 437 patent. They are both in the field of 

radioisotope generators. See EX1001, 1:20-27 (describing diffusion generators and 

methods for obtaining a container comprising 212Pb radioisotope); EX1008, 20-24 

(describing radionuclide generator properties), 24-25 (describing types of 

radionuclide generators), 47-50 (describing radiotracer generators based on 

radionuclide generators), Figs. 6, 19, and 20. In addition, IAEA is reasonably 

relevant to the problem the 437 patent is concerned with, as shown in my analysis 

below in Section VII(C).  

202. Moreover, as shown below, it was a material error for claim 2 of the 

437 patent to issue over Hassfjell-Hoff in view of IAEA. 

C. Claim 2 “The radioisotope generator of claim 1, further 

comprising a flushing circuit configured to flush the collector 

surface.” 

203. In my opinion, claim 2 is rendered obvious by Hassfjell-Hoff in view 

of IAEA. See §IV(B) (claim 1). 
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204. Hassfjell-Hoff discloses a radioisotope generator and a solvent used to 

flush the collector surface but does not explicitly disclose a flushing circuit 

configured to flush the collector surface. IAEA discloses such a flushing circuit. 

See §VII(B). IAEA discloses numerous examples of radionuclide generators that 

include an elution agent provided via a flushing circuit. EX1008, Figs. 6, 19, and 

20. 

205. In my opinion, a POSITA would have been motivated to modify 

Hassfjell-Hoff to include the flushing circuit of IAEA because including a flushing 

circuit in the Hassfjell-Hoff radioisotope generator would ease removal of the 

generated radioisotope from the collector surface. Including a flushing circuit 

would have been within the skill and knowledge of a POSITA, would have led to 

predictable results, would have been compatible with Hassfjell-Hoff, and would 

have been a mere design choice. A POSITA would have had a reasonable 

expectation of success because IAEA teaches including a flushing circuit for use 

on radionuclide/radioisotope generators, and Hassfjell-Hoff teaches a 

radionuclide/radioisotope generator. Therefore, Hassfjell-Hoff in view of IAEA 

renders claim 2 obvious. 
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VIII. GROUND 5: CLAIMS 13 AND 27 ARE OBVIOUS OVER 

HASSFJELL-HOFF AND WESTRØM 

A. Hassfjell-Hoff 

206. My explanation of the Hassfjell-Hoff reference is above and 

incorporated here by reference into Ground 5. See §IV(A). 

B. Westrøm 

207. Westrøm is a journal article published in 2017 and entitled 

“Preparation of 212Pb-labeled monoclonal antibody using a novel 224Ra-based 

generator solution.” EX1009, 1. Westrøm was included in volume 51 of the 

“Nuclear Medicine and Biology” Journal (EX1009, 1), which was published in 

August 2017. EX1009, 1 (cover page); EX1010. Volume 51 of the “Nuclear 

Medicine and Biology” Journal was assigned ISSN 0969-8051 (EX1009, 1) and 

was received by the National Library of Medicine on July 25, 2017. EX1009, 1 

(cover page). As such, Westrøm was published and available to the public no later 

than July 25, 2017. EX1009, 1. 

208. Westrøm was publicly accessible and indexed as a publication in 

public catalogs such as e.g., the WorldCat index. EX1010. A POSITA would have 

understood that journals (e.g., EX1009) are reliable sources for information and 

would have been capable of accessing Westrøm well before the alleged filing date 

of the 437 patent.  
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209. I have been informed that Westrøm qualifies as prior art under 35 

U.S.C. §102(a). 

210. Westrøm discloses a method of producing 212Pb-based 

radioimmunoconjugates from a 224Ra-solution. See EX1009, 4. Westrøm discloses 

that in terms of 212Pb-radiolabeling, the main improvement in protocol came with 

the emergence of the efficient lead-chelator TCMC (2-(4-isothiocyanotobenzyl)-

1,4,7,10-tetraaza-1,4,7,10-tetra-(2-carbamoyl methyl)-cyclododecane). See 

EX1009, 5. Westrøm discloses “Many chelators have been assessed, including the 

commonly used p-SCN-Bn-DOTA (2-(4-isothiocyanatobenzyl)-1,4,7,10-

tetraazacyclododecane tetraacetic acid), but TCMC has become the chelation 

chemistry of choice as it creates a more stable complex at lower pH and provides 

more efficient conjugation than its DOTA analog.” EX1009, 5. In other words, a 

POSITA would have understood that TCMC has become a chelating agent of 

choice forming a more stable complex. 

211. In my opinion, Westrøm is analogous art to the 437 patent. Westrøm 

is from the same field of endeavor as the 437 patent. They are both in the field of 

generating radioisotopes. See EX1001, 1:20-27 (describing diffusion generators 

and methods for obtaining a container comprising 212Pb radioisotope); EX1009, 4-

5. In addition, Westrøm is reasonably relevant to the problem the 437 patent is 
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concerned with, as shown in my analysis below in Sections VIII(C)-(D), IX(C)-

(D), and X(D).  

212. Moreover, as shown below, it was material error for claims 13 and 27 

of the 437 patent to issue over Hassfjell-Hoff in view of Westrøm and Norman in 

view of Westrøm. 

C. Claim 13 “The radioisotope generator of claim 12, wherein the 

chelator comprises TCMC.” 

213. Hassfjell-Hoff discloses and renders obvious claim 12. See §§IV(B), 

(F), (H), (J) (claims 1, 8, 10, 12). Though Hassfjell-Hoff discloses use of a 

chelator, it does not expressly disclose “wherein the chelator comprises TCMC.” 

However, Westrøm, in the same field of endeavor, discloses a chelator that 

comprises TCMC. EX1009, 5. Indeed, Westrøm discloses that TCMC is preferable 

to DOTA, another commonly known chelating agent, as a chelating agent for 212Pb. 

EX1009, 5 (“TCMC has become the chelation chemistry of choice as it creates a 

more stable complex at lower pH and provides more efficient conjugation than its 

DOTA analog.”). In other words, a POSITA would have understood that TCMC 

has become a chelating agent of choice forming a more stable complex. 

214. In my opinion, a POSITA would have been motivated to use the 

TCMC chelator taught by Westrøm in the radioisotope generator of Hassfjell-Hoff 

because they are in the same field of radioisotope generation and would want to 

identify a chelating agent to recover 212Pb efficiently. For that same reason, a 
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POSITA would have had a reasonable expectation of success. Including TCMC as 

a chelator would have been within the skill and knowledge of a POSITA, would 

have led to predictable results, and would have been a mere design choice. 

Therefore, in my opinion, Hassfjell-Hoff in view of Westrøm renders claim 13 

obvious. 

D. Claim 27 “The method of claim 26, wherein the chelator 

comprises TCMC.” 

215. In my opinion, Hassfjell-Hoff in view of Westrøm renders claim 27 

obvious. See §VIII(C) (claim 13); §§IV(M), (R), (U) (claims 16, 23, 26). 

IX. GROUND 6: CLAIMS 8-12, 14, 17, 23-26, 28, 34, AND 38 ARE 

OBVIOUS OVER NORMAN AND HASSFJELL-HOFF 

A. Norman 

216. My explanation of the Norman reference is above and incorporated 

here by reference into Ground 6. See §V(A). 

B. Hassfjell-Hoff 

217. My explanation of the Hassfjell-Hoff reference is above and 

incorporated here by reference into Ground 6. See §IV(A). 

C. Motivation to Combine 

1. Hassfjell-Hoff’s container surface with Norman 

218. In my opinion, a POSITA would have found it obvious to combine the 

teachings of Norman and Hassfjell-Hoff to modify Norman to collect 212Pb on the 

interior container surface. Norman discloses collecting 212Pb on an open porosity 
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porous medium. EX1007, 3:4-11. Hassfjell-Hoff, which was published later and 

cites to Norman (EX1003, 6, 10), teaches collecting 212Pb on an interior container 

surface. EX1003, 7. 

219. Further, in my opinion, a POSITA would have understood that any 

interior surface within a container could be a collector surface that collects the 

212Pb as the 220Rn gas enters the container. A POSITA would have been motivated 

to collect 212Pb in a container as disclosed by Hassfjell-Hoff because this is “a 

simpler and better approach.” EX1003, 6. A POSITA would have been motivated 

to configure the Norman system to collect 212Pb using a collector surface, including 

the structures disclosed by Hassfjell-Hoff. There would have been a reasonable 

expectation of success because both Hassfjell-Hoff and Norman disclose collecting 

212Pb from a collector surface. EX1003, 7; EX1007, 7:28-41. This modification 

would have been within the skill and knowledge of a POSITA, would have led to 

predictable results, would have created a reasonable expectation of success, would 

have been compatible with Norman, and would have been a mere design choice. 

2. Hassfjell-Hoff’s disposing a chelator on an interior surface 

with Norman 

220. In my opinion, a POSITA would have found it obvious to modify 

Norman such that a chelator configured to chelate the one or more solid progeny 

isotopes is disposed on the interior surface of the container as disclosed by 

Hassfjell-Hoff. Specifically, a POSITA would have been motivated to dispose a 
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chelator configured to chelate the one or more solid progeny isotopes on the 

interior surface as disclosed by Hassfjell-Hoff so that the amount of solid progeny 

isotopes recovered from the interior surface increases. EX1003, 7 (“About 70% of 

the radioactivity inside the polyethylene bottle can be easily washed off with 

approx. 30 ml of distilled water. By increasing the ionic strength of the washing 

solution or by adding a chelating agent, the yield increases.”) (emphasis added). 

A POSITA would have been motivated to configure the Norman system based on 

the teachings of Hassfjell-Hoff to increase the amount of 212Pb recovered from the 

generator and would have had a reasonable expectation of success because both 

Norman and Hassfjell-Hoff disclose use of a chelator to recover 212Pb. EX1003, 7; 

EX1007, Abstract, claim 9. This modification would have been within the skill and 

knowledge of a POSITA, would have led to predictable results, would have created 

a reasonable expectation of success, would have been compatible with Norman, 

and would have been a mere design choice. 

3. Hassfjell-Hoff’s use of a solvent in the container with 

Norman 

221. In my opinion, a POSITA would have found it obvious to modify 

Norman so that the volume is configured to receive a solvent configured to 

dissolve the one or more solid progeny isotopes from the interior surface as 

disclosed by Hassfjell-Hoff. Specifically, a POSITA would have been motivated to 

receive a solvent in the volume as disclosed by Hassfjell-Hoff so that the amount 
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of solid progeny isotopes recovered from the interior surface increases. EX1003, 7 

(“About 70% of the radioactivity inside the polyethylene bottle can be easily 

washed off with approx. 30 ml of distilled water.”). A POSITA would have been 

motivated to configure the Norman system based on the teachings of Hassfjell-

Hoff to increase the amount of 212Pb recovered from the generator and would have 

had a reasonable expectation of success because both Norman and Hassfjell-Hoff 

disclose use of a solvent to recover 212Pb. EX1003, 7; EX1007, 3:65-4:4. This 

modification would have been within the skill and knowledge of a POSITA, would 

have led to predictable results, would have created a reasonable expectation of 

success, would have been compatible with Norman, and would have been a mere 

design choice. 

4. Hassfjell-Hoff’s flushing of the collector surface with 

Norman 

222. In my opinion, a POSITA would have found it obvious to modify 

Norman to flush the collector surface as disclosed by Hassfjell-Hoff. Specifically, 

a POSITA would have been motivated to flush the collector surface so that the 

amount of solid progeny isotopes recovered from the interior surface increases. 

EX1003, 7 (“About 70% of the radioactivity inside the polyethylene bottle can be 

easily washed off with approx. 30 ml of distilled water.”). A POSITA would have 

been motivated to configure the Norman system based on the teachings of 

Hassfjell-Hoff to increase the amount of 212Pb recovered from the generator and 
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would have had a reasonable expectation of success because both Norman and 

Hassfjell-Hoff disclose using a recovering agent, such as water, to recover the solid 

progeny isotope. EX1003, 7; EX1007, 3:65-4:11. This modification would have 

been within the skill and knowledge of a POSITA, would have led to predictable 

results, would have created a reasonable expectation of success, would have been 

compatible with Norman, and would have been a mere design choice. 

D. Claim 8 “The radioisotope generator of claim 1, wherein the 

collector surface is an interior surface of a container, and wherein 

the volume is an internal volume of the container.” 

223. In my opinion, claim 8 is obvious by Norman in view of Hassfjell-

Hoff. 

224. As I explained above, Norman discloses and renders obvious the 

radioisotope generator of claim 1. See §V(B) (claim 1). 

225. Hassfjell-Hoff further discloses the additional limitations of this claim 

arranged as claimed and in an enabling manner. See §IV(F) (claim 8). As I 

explained above, in my opinion, a POSITA would have been motivated to modify 

Norman to include a collector surface that is an interior surface of a container and a 

volume that is an internal volume of the container as taught by Hassfjell-Hoff. See

§IX(C)(1) (motivation to combine). Therefore, Norman in view of Hassfjell-Hoff 

renders claim 8 obvious.  
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E. Claim 9 “The radioisotope generator of claim 8, wherein the solid 

precursor isotope source is configured to be connected to an 

opening of the container.” 

226. In my opinion, claim 9 is obvious by Norman in view of Hassfjell-

Hoff. 

227. As I explained above, Norman in view of Hassfjell-Hoff renders 

obvious the radioisotope generator of claim 8. See §IX(D) (claim 8). 

228. Norman further discloses the additional limitations of this claim 

arranged as claimed and in an enabling manner. See §III(D)(3) (“connected to an 

opening of the container” construction). The container in Norman is analogous to 

the disclosed embodiments in the 437 patent, which are similarly containers with 

lids. Compare EX1007, Fig. 2, 7:65-8:12 (describing how the chamber is defined 

and includes a cap) with EX1001, Figs. 3A-3B, 14:25-36. Also, like the 437 patent, 

the solid precursor isotope source in Norman is affixed in the container using a 

removable lid. Compare EX1007, Fig. 1 with EX1001, Fig. 5B. Thus, Norman’s 

chambers 10 and 12 are connected with an opening to establish fluid 

communication between chambers 10 and 12, and the precursor isotope source in 

chamber 10 is located such that it connects it to the opening of chamber 12. 

Therefore, Norman in view of Hassfjell-Hoff renders claim 9 obvious. 
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F. Claim 10 “The radioisotope generator of claim 8, further 

comprising the container.” 

229. In my opinion, claim 10 is obvious by Norman in view of Hassfjell-

Hoff. 

230. As I explained above, Norman in view of Hassfjell-Hoff renders 

obvious the radioisotope generator of claim 8. See §IX(D) (claim 8). 

231. Norman further discloses the additional limitations of this claim 

arranged as claimed and in an enabling manner. Specifically, Norman discloses 

container 100. EX1007, Fig. 2. 

G. Claim 11 “The radioisotope generator of claim 10, wherein the 

container is configured to removably connect to the solid 

precursor isotope source.” 

232. In my opinion, claim 11 is obvious by Norman in view of Hassfjell-

Hoff. 

233. As I explained above, Norman in view of Hassfjell-Hoff renders 

obvious the radioisotope generator of claim 10. See §§IX(D), (F) (claims 8, 10). 

234. Norman further discloses the additional limitations of this claim 

arranged as claimed and in an enabling manner. See §III(D)(4) (“removably 

connect” construction). Norman’s solid precursor isotope source is affixed to a 

removable lid, such that the solid precursor isotope source is removably connected 

to the container. EX1007, Fig. 1, 6:9-47, 7:65-8:19.  
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H. Claim 12 “The radioisotope generator of claim 10, further 

comprising a chelator disposed on the interior surface, the 

chelator configured to chelate the one or more solid progeny 

isotopes.” 

235. In my opinion, claim 12 is obvious by Norman in view of Hassfjell-

Hoff. 

236. As I explained above, Norman in view of Hassfjell-Hoff renders 

obvious the radioisotope generator of claim 10. See §§IX(D), (F) (claims 8, 10).

237. Norman further discloses the additional limitations of this claim 

arranged as claimed and in an enabling manner. Norman discloses that the open 

porosity porous medium is contained within a receiving chamber. EX1007, 2:24-

25 (“a receiving chamber containing an open porosity porous medium”). Norman 

discloses that the open porosity porous medium includes a lyophilized antibody 

conjugated to a chelator (i.e., a chelating agent). See EX1007, claim 8 (“wherein 

said open porosity porous medium is lyophilized antibody.”), claim 9 (“wherein 

said lyophilized antibody is conjugated to a chelating agent.”). As such, in my 

opinion, a POSITA would have understood that an open porosity porous medium 

disposed within a receiving chamber would contact the interior surface of the 

receiving chamber and that a chelating agent would chelate one or more solid 

progeny isotopes.

238. Alternatively, Hassfjell-Hoff further discloses the additional 

limitations of this claim arranged as claimed and in an enabling manner. See §IV(J) 
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(claim 12). In my opinion, a POSITA would have been motivated to modify 

Norman to dispose a chelator on an interior surface of a container that is 

configured to chelate the one or more solid progeny isotopes as taught by 

Hassfjell-Hoff. See §IX(C)(2) (motivation to combine). 

I. Claim 14 “The radioisotope generator of claim 10, wherein the 

volume is configured to receive a solvent configured to dissolve 

the one or more solid progeny isotopes from the interior surface.” 

239. In my opinion, claim 14 is obvious by Norman in view of Hassfjell-

Hoff. 

240. As I explained above, Norman in view of Hassfjell-Hoff renders 

obvious the radioisotope generator of claim 10. See §§IX(D), (F) (claims 8, 10).

241. Norman discloses dissolving the open porosity porous medium with a 

solvent (i.e., water). EX1007, 4:47 (“solvent, such as water”). Norman discloses 

that the solvent is configured to dissolve the one or more solid progeny isotopes

(i.e., 212Pb) from the interior surface (i.e., the interior surface of the container). 

EX1007, Abstract (“diffusing the 220Rn gas into a second chamber, where it decays 

to 212Pb which can then be collected from the second chamber…. The 212Pb can be 

recovered from this medium by dissolving the medium.”), 3:65-4:4 (“As used 

herein, ‘recovering’ as it refers to the desired daughter isotopes means obtaining 

the daughter isotopes either with or from the open porosity porous medium. For 

example, where the open porosity porous medium is water soluble, the open 
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porosity porous medium can be dissolved in water in order to obtain a solution 

whose principal radioactivity results from the daughter isotopes.”). 

242. Alternatively, as I explained above, Hassfjell-Hoff discloses the 

additional limitations of this claim arranged as claimed and in an enabling manner. 

See §IV(K) (claim 14). Hassfjell-Hoff discloses that a volume is configured to 

receive a solvent. See §IV(K) (claim 14). As such, in my opinion, a POSITA 

would have been motivated to modify the volume of Norman to be configured to 

receive a solvent as taught by Hassfjell-Hoff. See §IX(C)(3) (motivation to 

combine).

J. Claim 17 “The method of claim 16, further comprising flushing 

the collector surface.” 

243. In my opinion, claim 17 is obvious by Norman in view of Hassfjell-

Hoff. 

244. As I explained above, Norman renders obvious the method of claim 

16. See §V(H) (claim 16). 

245. Hassfjell-Hoff further discloses the additional limitations of this claim 

arranged as claimed and in an enabling manner. See §IV(N) (claim 17). In my 

opinion, a POSITA would have been motivated to modify Norman to flush the 

collector surface as taught by Hassfjell-Hoff. See §IX(C)(4) (motivation to 

combine). 
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K. Claim 23 “The method of claim 16, wherein the collector surface 

is an interior surface of a container, and wherein the volume is an 

internal volume of the container.” 

246. In my opinion, claim 23 is obvious by Norman in view of Hassfjell-

Hoff. 

247. As I explained above, Norman renders obvious the method of claim 

16. See §V(H) (claim 16). 

248. Hassfjell-Hoff further discloses the additional limitations of this claim 

arranged as claimed and in an enabling manner. See §IV(R) (claim 23), §IX(D) 

(claim 8). In my opinion, a POSITA would have been motivated to modify 

Norman to include a collector surface that is an interior surface of a container and a 

volume that is an internal volume of the container as taught by Hassfjell-Hoff. See

§IX(D) (claim 8); §IX(C)(1) (motivation to combine). 

L. Claim 24 “The method of claim 23, further comprising connecting 

the solid precursor isotope source to an opening of the container.” 

249. In my opinion, claim 24 is obvious by Norman in view of Hassfjell-

Hoff. 

250. As I explained above, Norman in view of Hassfjell-Hoff renders 

obvious the method of claim 23. See §IX(K) (claim 23). 

251. Norman further discloses the additional limitations of this claim 

arranged as claimed and in an enabling manner. Norman discloses connecting the 
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solid precursor isotope source to an opening of the container. See §§IX(E), (G) 

(claims 9, 11). 

M. Claim 25 “The method of claim 23, further comprising removably 

connecting the solid precursor isotope to an opening of the 

container.” 

252. In my opinion, claim 25 is obvious by Norman in view of Hassfjell-

Hoff. 

253. As I explained above, Norman in view of Hassfjell-Hoff renders 

obvious the method of claim 23. See §IX(K) (claim 23). 

254. Norman further discloses the additional limitations of this claim 

arranged as claimed and in an enabling manner. Norman discloses removably 

connecting a solid precursor isotope (228Th is a solid disposed in the matrix) to an 

opening of the container. See §IX(G) (claim 11). 

N. Claim 26 “The method of claim 23, further comprising chelating 

the one or more solid progeny isotopes using a chelator disposed 

on the interior surface.” 

255. In my opinion, claim 26 is obvious by Norman in view of Hassfjell-

Hoff. 

256. As I explained above, Norman in view of Hassfjell-Hoff renders 

obvious the method of claim 23. See §IX(K) (claim 23). 

257. Norman further discloses the additional limitations of this claim 

arranged as claimed and in an enabling manner. See §IX(H) (claim 12). In my 
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opinion, a POSITA would have understood that an open porosity porous medium 

disposed within a receiving chamber would contact the interior surface of the 

receiving chamber and that a chelating agent would chelate one or more solid 

progeny isotopes.

258. Alternatively, as explained above, Hassfjell-Hoff further discloses the 

additional limitations of this claim arranged as claimed an in an enabling manner. 

See §IX(H) (claim 12). In my opinion, a POSITA would have been motivated to 

modify Norman to dispose a chelator on an interior surface of a container that is 

configured to chelate the one or more solid progeny isotopes as taught by 

Hassfjell-Hoff. See §IX(H) (claim 12); §IX(C)(2) (motivation to combine). 

O. Claim 28 “The method of claim 23, further comprising receiving a 

solvent in the volume, and dissolving the one or more solid 

progeny isotopes from the interior surface in the solvent.” 

259. In my opinion, claim 28 is obvious by Norman in view of Hassfjell-

Hoff. 

260. As I explained above, Norman in view of Hassfjell-Hoff renders 

obvious the method of claim 23. See §IX(K) (claim 23). 

261. Hassfjell-Hoff further discloses the additional limitations of this claim 

arranged as claimed and in an enabling manner. See §IV(V) (claim 28). In my 

opinion, a POSITA would have been motivated to modify Norman to receive a 

solvent in the volume and dissolve the one or more solid progeny isotopes from the 

AdvanCell - Ex. 1002 - Page 113



U.S. Patent No. 12,249,437 

98 
1618391162 

interior surface in the solvent as taught by Hassfjell-Hoff. §IX(C)(3) (motivation to 

combine). 

P. Claim 34 “The method of claim 23, forming at least a portion of a 

single chamber with the solid precursor isotope source and the 

container.” 

262. In my opinion, claim 34 is obvious by Norman in view of Hassfjell-

Hoff. 

263. In my opinion, this claim is indefinite. See §XII(B). 

264. To the extent Patent Owner argues that this claim should be construed 

to require “[t]he method of claim 23, further comprising,” as I explained above, 

Norman in view of Hassfjell-Hoff renders obvious the method of claim 23. See

§IX(K) (claim 23). 

265. Norman further discloses the additional limitations of this claim 

arranged as claimed and in an enabling manner. Norman’s system includes a 

“stopcock” that opens/closes, such that when it is opened there is a single chamber

that includes the solid precursor isotope source and the container. EX1007, 8:30-

41; §III(D)(6) (“with” construction). When the stopcock is closed there are two 

separate chambers. Thus, opening the stopcock form[s]…a single chamber. 
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Q. Claim 38 “The radioisotope generator of claim 10, wherein the 

solid precursor isotope source and the container form at least a 

portion of a single chamber when fluidly coupled.” 

266. In my opinion, claim 38 is obvious by Norman in view of Hassfjell-

Hoff. 

267. As I explained above, Norman in view of Hassfjell-Hoff discloses the 

radioisotope generator of claim 10. See §IX(D), (F) (claims 8, 10). 

268. Norman further discloses the additional limitations of this claim 

arranged as claimed and in an enabling manner. Norman’s solid precursor isotope 

source and the container form at least a portion of a single chamber when fluidly 

coupled. See §IX(P) (claim 34). 

X. GROUND 7: CLAIMS 13 AND 27 ARE OBVIOUS OVER NORMAN, 

HASSFJELL-HOFF, AND WESTRØM 

A. Norman 

269. My explanation of the Norman reference is above and incorporated 

here by reference into Ground 7. See §V(A). 

B. Hassfjell-Hoff 

270. My explanation of the Hassfjell-Hoff reference is above and 

incorporated here by reference into Ground 7. See §IV(A). 

C. Westrøm 

271. My explanation of the Westrøm reference is above and incorporated 

here by reference into Ground 7. See §VIII(B). 
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D. Claim 13 “The radioisotope generator of claim 12, wherein the 

chelator comprises TCMC.” 

272. In my opinion, claim 13 is obvious by Norman in view of Hassfjell-

Hoff and Westrøm. 

273. As I explained above, Norman in view of Hassfjell-Hoff discloses the 

radioisotope generator of claim 12. See §IX(H) (claim 12). 

274. Though Norman and Hassfjell-Hoff each disclose the use of a 

chelator, neither Norman nor Hassfjell-Hoff expressly discloses “wherein the 

chelator comprises TCMC.” However, Westrøm, in the same field of endeavor, 

discloses a chelator that comprises TCMC. EX1009, 5. Indeed, Westrøm discloses 

that TCMC is preferable to DOTA, another commonly known chelating agent, as a 

chelating agent for 212Pb. EX1009, 5 (“TCMC has become the chelation chemistry 

of choice as it creates a more stable complex at lower pH and provides more 

efficient conjugation than its DOTA analog.”). EX1009, 5. In other words, a 

POSITA would have understood that TCMC has become a chelating agent of 

choice forming a more stable complex. 

275. In my opinion, a POSITA would have been motivated to use the 

TCMC chelator taught by Westrøm in the radioisotope generator of Norman in 

view of Hassfjell-Hoff because they are in the same field of radioisotope 

generation and would want to identify a chelating agent to recover 212Pb efficiently. 

For that same reason, a POSITA would have had a reasonable expectation of 
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success. Including TCMC as a chelator would have been within the skill and 

knowledge of a POSITA, would have led to predictable results, and would have 

been a mere design choice. Therefore, in my opinion, Norman in view of Hassfjell-

Hoff and Westrøm renders claim 13 obvious. 

E. Claim 27 “The method of claim 26, wherein the chelator 

comprises TCMC.” 

276. In my opinion, claim 27 is obvious by Norman in view of Hassfjell-

Hoff and Westrøm. 

277. As I explained above, Norman in view of Hassfjell-Hoff discloses the 

method of claim 26. See §IX(N) (claim 26). 

278. Westrøm further discloses the additional limitations of this claim 

arranged as claimed and in an enabling manner. Westrøm discloses the use of 

TCMC as a chelator. See §X(D) (claim 13). 

XI. GROUND 8: CLAIMS 13 AND 27 ARE OBVIOUS OVER 

HASSFJELL-HOFF, NORMAN AND WESTRØM 

A. Hassfjell-Hoff 

279. My explanation of the Hassfjell-Hoff reference is above and 

incorporated here by reference into Ground 8. See §IV(A). 

B. Norman 

280. My explanation of the Norman reference is above and incorporated 

here by reference into Ground 8. See §V(A). 
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C. Westrøm 

281. My explanation of the Westrøm reference is above and incorporated 

here by reference into Ground 8. See §VIII(B). 

D. Claim 13 “The radioisotope generator of claim 12, wherein the 

chelator comprises TCMC.” 

282. In my opinion, claim 13 is obvious by Hassfjell-Hoff in view of 

Norman and Westrøm. 

283. As I explained above, Hassfjell-Hoff in view of Norman discloses the 

radioisotope generator of claim 12. See §VI(E) (claim 12). 

284. Though Hassfjell-Hoff and Norman each disclose the use of a 

chelator, neither Hassfjell-Hoff nor Norman expressly discloses “wherein the 

chelator comprises TCMC.” However, Westrøm, in the same field of endeavor, 

discloses a chelator that comprises TCMC. EX1009, 5. Indeed, Westrøm discloses 

that TCMC is preferable to DOTA, another commonly known chelating agent, as a 

chelating agent for 212Pb. EX1009, 5 (“TCMC has become the chelation chemistry 

of choice as it creates a more stable complex at lower pH and provides more 

efficient conjugation than its DOTA analog.”). EX1009, 5. In other words, a 

POSITA would have understood that TCMC has become a chelating agent of 

choice forming a more stable complex. 

285. In my opinion, a POSITA would have been motivated to use the 

TCMC chelator taught by Westrøm in the radioisotope generator of Norman in 
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view of Hassfjell-Hoff because they are in the same field of radioisotope 

generation and would want to identify a chelating agent to recover 212Pb efficiently. 

For that same reason, a POSITA would have had a reasonable expectation of 

success. Including TCMC as a chelator would have been within the skill and 

knowledge of a POSITA, would have led to predictable results, and would have 

been a mere design choice. Therefore, in my opinion, Norman in view of Hassfjell-

Hoff and Westrøm renders claim 13 obvious. 

E. Claim 27 “The method of claim 26, wherein the chelator 

comprises TCMC.” 

286. In my opinion, claim 27 is obvious by Hassfjell-Hoff in view of 

Norman and Westrøm. 

287. As I explained above, Hassfjell-Hoff in view of Norman discloses the 

method of claim 26. See §VI(G) (claim 26). 

288. Westrøm further discloses the additional limitations of this claim 

arranged as claimed and in an enabling manner. Westrøm discloses the use of 

TCMC as a chelator. See §XI(D) (claim 13). 

XII. GROUND 9: CLAIMS 1-15 AND 34-38 ARE UNPATENTABLE 

UNDER 35 U.S.C. §112  

A. Claims 1-15 and 35-38 are indefinite 

289. As explained in Section III(D)(2), “wherein the solid precursor 

isotope source is configured to be fluidly coupled to a volume including a collector 
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surface with a gas tight seal” has three equally possible meanings of it in the 

claims: 

� The entire volume has a gas tight seal (with the precursor isotope 

source inside the volume),  

� Just the collector surface, not the entire volume, has a gas tight seal 

(when the precursor isotope source is inside the collector), or 

� The system is configured to selectively couple, using a gas tight seal, 

a volume with the solid precursor isotope source and a volume with a 

collector surface. 

In my opinion, a POSITA reading the 437 patent would be unable to determine the 

scope of the claims with reasonable certainty. I have been informed that if a 

POSITA reading the 437 patent would be unable to determine the scope of the 

claims with reasonable certainty, the claims are indefinite. 

290. I have been informed that because independent claim 1 is indefinite, 

dependent claims 2-15 and 35-38 are indefinite. 

B. The language of Claim 34 is non-sensical, therefore indefinite 

291. Claim 34 recites “The method of claim 23, forming at least a portion 

of a single chamber with the solid precursor isotope source and the container.” 

Claim 34 lacks a transition phrase, such as “further comprising” or “further 

consisting of,” or an indication that claim 34 limits a method step of a parent claim. 
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Moreover, it is unclear what constitutes the “single chamber” and how the “single 

chamber” forms part of the generator. I have been informed that if a POSITA 

reading the 437 patent would be unable to determine the scope of the claims with 

reasonable certainty, the claims are indefinite. In my opinion, a POSITA is not able 

to determine the intended scope of claim 34. 

XIII. SECONDARY CONSIDERATIONS 

292. I am not aware of any relevant information related to secondary 

considerations of obviousness. For example, I am not aware of any attempt to 

commercialize the claimed technology in a product or through licensing. To the 

extent Patent Owner comes forward with any such information, I will consider it. 

XIV. AVAILABILITY FOR CROSS-EXAMINATION 

293. In signing this Declaration, I recognize that the Declaration will be 

filed as evidence in a contested case before the Patent Trial and Appeal Board of 

the United States Patent and Trademark Office. I also recognize that I may be 

subject to cross-examination in the case and that cross-examination will take place 

within the United States. If cross-examination is required of me, I will appear for 

cross-examination within the United States during a time as mutually agreed 

between the parties. 

XV. RIGHT TO SUPPLEMENT 

294. I reserve the right to supplement my opinions in the future to respond 

to any arguments that the Patent Owner raises. This Declaration represents only 
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those opinions that I have formed to date. I reserve the right to revise, supplement, 

and/or amend my opinions stated herein based on new information that becomes 

available to me and on my continuing analysis of the materials already provided. 

XVI. CONCLUSION 

295. I may utilize the documents cited and/or listed herein, or portions of 

those documents, as exhibits at any hearing or trial in this proceeding. I may 

further prepare and use exhibits that summarize portions of my testimony or key 

terms or concepts presented therein, or other demonstrative exhibits, at any hearing 

or trial in this proceeding. 

296. I reserve the right to supplement my testimony and this report in 

response to any judicial determinations, in response to the arguments expressed by 

the Patent Owner or the opinions of the Patent Owner’s experts in this proceeding, 

and/or in light of additional evidence or testimony brought forth at trial or 

otherwise brought to my attention after the date of my signature on the cover page. 
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Mirzadeh, S. and R. M. Lambrecht, "Methods for the Simultaneous Preparation of Radon-211 and

Xe-125, Astatine-211, Iodine-125 and Iodine-123", U.S. Patent No. 4,644,869, May 12, 1987.

Mirzadeh, S. and R. M. Lambrecht, "Process for Producing Astatine-211 for Radiopharmaceutical Use",

U.S. Patent No. 4,681,727, July 21, 1987.

Mirzadeh, S., R. E. Whipple, P. M. Grant, H. A. O'Brien, Jr., "Evaporation-Based Ge/Ga(68)

Separation", U.S. Patent No. 4,268,730, February 3, 1981.

Synergistic Activities:

Organizer of symposiums:

“International Symposium on Targeted Alpha Therapy”, June 2013, ORNL

"Radiometals in Therapy and Diagnosis" under auspices of Divisions of Nuclear Chemistry and
Technology & Inorganic Chemistry, American Chemical Society National Meeting, Dallas, TX, March 29,

1998.

"Radiochemistry and Radioimmunotherapy", under auspices of Division of Nuclear Chemistry and

Technology, American Chemical Society National Meeting, Orlando, Fl, August 25-29, 1996.

"Radionuclide Generators for Nuclear Medicine Applications," under auspices of Division of Nuclear

Chemistry and Technology, American Chemical Society National Meeting, Washington, D.C., August

23-28, 1992.

Committee Member:

Nuclear Science Advisory Committee (NSAC), Isotopes Subcommittee (2015), The editorial board of the
Journal of Applied Radiation and Isotopes (2000-2015). American Chemical Society Divisions of Nuclear

Chemistry and Technology (DNCT) and Physical Chemistry, (1979-2010). Review committees for DOE,

NIH, and Government of Norway Grant Proposals.

Editorial. Editor of Journal Applied Radiation and Isotopes, 2010 to 2015.

Thesis Advisor and Postgraduate-Scholar Sponsor (Total: 6 Postdoctoral, 8 PhDs; >14 MSc)

Postdoctoral Fellows: Rose Boll, ORNL; Nan Chen, Provision; Ekaterina Dadachova, Univ. of

Saskatchewan; Justin Griswold, ORNL; Susan Hogle, ORNL; Jon Woodward, Y-12

PhD Students: Rose Boll, ORNL; Marc Garland, DOE; Justin Griswold, ORNL; Zac Kulage, Pantex;

Mark Mclaughlin, Univ. of Nebraska Medical; Jessika Rojas, VCU; Miguel Toro-Gonzalez, VCU,

Onur Alp Ersöz, Ege University, Turkey.

MSc Students: Jane Wallen, UT, Chelsea Burnham, NuScale Power; D. W. Cagle, FBI; Tyler Cantrell,
Cardinal Health; A. M. Craig, UCSD; Justin Griswold, ORNL; James Hinderer, Siemens Medical; Hal

Lovett, US Army; Rita Lusk, Norfolk Naval Shipyard; Dairin Malkemus, Univ. of Tennessee; Dan
Marsh, Canberra; Jofa Mwakisege, US Army; Phillip Walsh, LSU; Spencer Walsh, Nuclear Fuel

Services, and others
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Book chapters, reviews, monographs, and proceedings

I( C[dlSVWZ& 7UUW^WdSfad FdaVgUWV ,,/7U h[S bdafa` IbS^^Sf[a` aX ,-,JZ4 S \a[`f dWeWSdUZ
bdaYdS_ S_a`Y EHDB& B7DB& S`V 8DB& EHDB)JC',*+.)+., $,*+.%

9K @aef& @H =d[eia^V& I> 8dgXXWk& :M IfdSUW`Wd& 9B M[^^[S_e& S`V I C[dlSVWZ& tCWSegdW_W`f aX Udaee
eWUf[a`e Xad fZW ,-,JZQb&.`R,,3FS dWSUf[a` Sf ^ai bdafa` W`WdY[Weu( ?` bdaUWWV[`Ye aX ,,`V ?`fWd`Sf[a`S^
9a`XWdW`UW a` fZW 7bb^[USf[a` aX 7UUW^WdSfade [` HWeWSdUZ S`V ?`Vgefdk& 7gYgef / s +*& ,*+,& <adf
MadfZ& JWjSe& KI7(

8( @( ;Y^W& I( C[dlSVWZ& 8( 7( JSfg_& L( A(LSd_S& ;( 9( 8dSV^Wk& J( M( 8gdYWee& M( I( 7Sda`& @( B(
8[`VWd& @( H( 8WW`W& C( IS^f_SdeZ& t7 9kU^afda` 9a`UWbf Ja Igbbadf ?eafabW FdaVgUf[a` Xad IU[W`UW S`V
CWV[US^ 7bb^[USf[a`eu& FdaUWWV[`Ye aX fZW 7_Wd[US` DgU^WSd IaU[Wfk Jab[US^ CWWf[`Y5 7UUW^WdSfad
7bb^[USf[a`e& A`ajh[^^W& JD& 7bd[^& ,*++(

<(<( AD7FF& @d(& I( C?HP7:;>& C =Sd^S`V& 8( Fa`eSdV& H( Agl`Wfeah& ,*+*& H;79JEH
FHE:K9J?ED 7D: FHE9;II?D= E< +22M $9ZSbfWd /%( ?` FdaVgUf[a` aX Ba`Y B[hWV& FSdW`f
HSV[a`gU^[VWe& Xad =W`WdSfade4 02=W& 2,Id& 3*Id S`V +22M& ?7;7 H7:?E?IEJEF;I 7D:
H7:?EF>7HC79;KJ?97BI I;H?;I Da( ,(

C[dlSVWZ& I& CSge`Wd& B<& =Sd^S`V& C7( tHWSUfad'FdaVgUWV CWV[US^ HSV[a`gU^[VWe( ?` >S`VTaa] aX
DgU^WSd 9ZW_[efdk& IWUa`V ;V[f[a` $La^g_W .& HSV[aUZW_[efdk S`V HSV[abZSd_SUWgf[US^ 9ZW_[efdk [`
B[XW IU[W`UWe& 9ZSbfWd -2& FF +2/1 s +3*,%u& LWdfWe& 7& DSYk& I& A^W`UeSd& P& BahSe& H=& HaWeUZ& <( &
WV[fade( DWi Oad]& DO4 Ibd[`YWd $,*++%(

=Sd^S`V& C7& C[dlSVWZ& I& IUZW`fWd& H;( ,**2( :WhW^ab_W`f aX 7DI IfS`VSdV +3(+, DgU^WSd :SfS Xad
?eafabW FdaVgUf[a` 9S^Ug^Sf[a`e Xad CWV[US^ S`V EfZWd 7bb^[USf[a`e( JdS`e( 7_Wd[US` DgU^WSd IaU[Wfk
3243+,(

BahWff& >7& A`[YZf& JM& =Sd^S`V& C7& C[dlSVWZ& I( ,**1( ;hS^gSf[a` aX JW^^gd[g_'+,/ CWfSefST^W
FdaVgUf[a` FSfZiSke( JdS`e( 7_Wd[US` DgU^WSd IaU[Wfk 304-0-(

A`Sbb& <( <(& @d(& C[dlSVWZ& I( S`V =Sd^S`V& C( tJZW 7hS[^ST[^[fk aX BgfWf[g_'+11 Xda_ HWeWSdUZ
HWSUfade& t bb( +**'+*3( Report& aX fZW ,`V HWeWSdUZ 9aadV[`Sf[a` CWWf[`Y a` fZW :WhW^ab_W`f aX
=W`WdSfad JWUZ`a^aY[We Xad JZWdSbWgf[U HSV[a`gU^[VWe& 7bd[^ -'1& ,**0& ;gdabWS` ?`ef[fgfW aX E`Ua^aYk&
C[^S`& ?fS^k5 ?7;7& L[W``S& 7gefd[S(

A`Sbb& <( <(&@d(& C[dlSVWZ& I(& =Sd^S`V& C( S`V Fa`eSdV& 8( tHWSUfad FdaVgUf[a` aX Jg`YefW`'+22&t
Invited, for& ?7;7 IbWU[S^ FgT^[USf[a`& in preparation& ,**0(

A`Sbb& <( <(& @d(& C[dlSWZ& I(& S`V =Sd^S`V& C( tJZW 9a`f[`g[`Y ?_badfS`f Ha^W aX >[YZ <^gj HWSUfade
Xad FdaVgUf[a` aX JZWdSbWgf[U CWV[US^ HSV[a[eafabWe&u Invited Lecture, For, TECDOC, International
Symposium on Trends in Radiopharmaceuticals& ?7;7& L[W``S& 7gefd[S& in press, ,**0(
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8a^^& H( 7(& =Sd^S`V& =(& S`V C[dlSVWZ& I(& tHWSUfad FdaVgUf[a` aX JZad[g_',,3u& FdaUWWV[`Ye aX fZW
?`fWd`Sf[a`S^ 9a`XWdW`UW a` DgU^WSd :SfS Xad IU[W`UW S`V JWUZ`a^aYk& IS`fS <W& DWi CWj[Ua& KI7&
IWbf ,0& ,**.& 7_Wd[US` ?`ef[fgfW aX FZke[Ue& 7?F 9a`XWdW`UW FdaUWWV[`Ye& >S[YZf Wf S^( ;V[fad& La^( 769&
bb+01.'+01/ $,**/%(

C[dlSVWZ& I(& CSge`Wd& B( <(& S`V =Sd^S`V& C(& tHWSUfad'FdaVgUWV CWV[US^ HSV[a[eafabWe@& [` >S`VTaa]

aX DgU^WSd S`V HSV[aUZW_[efdku& 7( LWdfWe& I( DSYk S`V P( A^W`UeSd& Editors5 A^giWd FgT^[eZWde( La^( 4&
bb +'.0 $,**-%(

CSge`Wd& B( <(& S`V C[dlSVWZ& I(& tHWSUfad FdaVgUf[a` aX HSV[a`gU^[VWe [` >S`VTaa] aX
HSV[abZSd_SUWgf[US^e4 HSV[aUZW_[efdk S`V 7bb^[USf[a`eu& C(@( MW^UZ S`V 9( I( HWVhS`^k ;V[fade& @aZ`
M[W^k S`V Ia`e BfV& MWef IgeeWj& ;`Y^S`V& 9ZSbfWd -& bb 21'++2 $,**-%(

:g& C(& FWdWfl& <(& 8a^^& H( 7(& C[dlSVWZ& I(& tFgd[X[USf[a` aX JZad[g_',,3 Xad CWV[US^ 7bb^[USf[a`eu&
FdaUWWV[`Ye aX Ik_bae[g_ a` HSV[aS`S^kf[US^ CWfZaVe [` ?`fWdV[eU[b^[`Sdk HWeWSdUZ& ,--dV 7_Wd[US`
9ZW_[US^ IaU[Wfk DSf[a`S^ _WWf[`Y& Ed^S`Va& <B& 7bd[^ +*& ,**,( 79I Ik_bae[g_ Da( 202& 9( 7( BSgW
S`V A( B( DSeZ ;V[fade& 7_Wd[US` 9ZW_[US^ IaU[Wfk& M:9& bb +3-',*-& $,**-%(

Fa`eSdV& 8(& >[^fg`W`& @(& LWdS'Hg[l& >(& 8WWfe& 7( B(& C[dlSVWZ& I( S`V A`Sbb& <( <(& @d( tJZW Jg`YefW`'
+22)HZW`[g_'+22 =W`WdSfad4 ;XXWUf[hW 9aadV[`Sf[a` aX Jg`YefW`'+22 FdaVgUf[a` 8WfiWW` fZW ><?H S`V
8H, HWSUfade&u J. Radioanalyt. Nucl. Chem., ,/1& +03'+1. $,**-%(

A`Sbb& <( <(& @d(& C[dlSVWZ& I(& 8WWfe& 7( B( S`V :g& C( tFdaVgUf[a` aX JZWdSbWgf[U HSV[a[eafabWe [` fZW
EHDB >[YZ <^gj ?eafabW HWSUfad&u In, Proceedings& ?`fWd`Sf[a`S^ ?eafabW IaU[Wfk CWWf[`Y& 8aefa`& C7&
@g`W ,'0& ,**-(

C[dlSVWZ& I(& :g& C( 8WWfe& 8(& A`Sbb& @d( <( <( "JZWd_a'eWbSdSf[a` aX DWgfda` ?ddSV[SfWV Jg`YefW`
Xda_ HW S`V Ee"& FdaUWWV[`Ye aX DgU^WSd IWbSdSf[a`e Xad HSV[abZSd_SUk& 7_Wd[US` 9ZW_( IaU[Wfk&
DSf[a`S^ CWWf[`Y& 8aefa`& C7& 7gY( +332& ?`Vgefd[S^ and Engineering Chemistry Research& 39& -+03'
-+1, $,***%(

A`Sbb& <( <(& 8WWfe& 7( B(& C[dlSVWZ& I(& 7^WjS`VWd& 9( M(& S`V >aTTe& H( B( "FdaVgUf[a` aX CWV[US^
HSV[a[eafabWe [` fZW EHDB ><?H Xad 9S`UWd JZWdSbk"& FdaUWWV[`Ye aX fZW +-fZ HSV[aUZW_[US^
9a`XWdW`UW& CSd[S`l]W BSl`W& 9lWUZ HWbgT^[U& 7bd[^ +3',.& +332(

C[dlSVWZ& I(& "=W`WdSfad'bdaVgUWV 7^bZS'W_[ffWde"& FdaUWWV[`Ye aX 9?HCI CWV[US^ IgTUa__[ffWW
Mad]eZab a` HSV[a`gU^[VWe KeWV [` 8a`W FS[` FS^^[Sf[a` JZWdSbk D?IJ& MSeZ[`Yfa` :(9(& IWbfW_TWd
,1& +330& Applied Radiation and Isotopes& 49& -./'-.3 $+332%(

A`Sbb& <( <(& @d(& C[dlSVWZ& I(& 8WWfe& 7( B(& Wf S^(& "HWSUfad'FdaVgUWV HSV[a[eafabWe Xda_ EHDB Xad
8a`W FS[` FS^^[Sf[a`"& FdaUWWV[`Ye aX 9?HCI CWV[US^ IgTUa__[ffWW Mad]eZab a` HSV[a`gU^[VWe KeWV
[` 8a`W FS[` FS^^[Sf[a` JZWdSbk D?IJ& MSeZ[`Yfa` :( 9(& IWbfW_TWd ,1& +330& Applied Radiation and
Isotopes& 49& -*3'-+/ $+332%(

8a^^& H( 7(& C[dlSVWZ& I( S`V AW``W^& I( @(& "Ebf[_[lSf[a` aX HSV[a^STW^[`Y aX ?__g`abdafW[`e i[fZ
,+-8[u& FdaUWWV[`Ye aX Ik_bae[g_ a` HSV[aUZW_[efdk S`V HSV[a[__g`afZWdSbk& ,+,fZ 79I DSf[a`S^
CWWf[`Y& Ed^S`Va& <^& 7gY( ,.',2& +330& Radiochimica Acta& 79& +./'+.3 $+331%(
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AW``W^& I( @( S`V C[dlSVWZ& I(& "LSeUg^Sd JSdYWf[`Y Xad HSV[a[__g`afZWdSbk i[fZ ,+-8["( FdaUWWV[`Ye aX
Ik_bae[g_ a` HSV[aUZW_[efdk S`V HSV[a[__g`afZWdSbk& ,+,fZ 79I DSf[a`S^ CWWf[`Y& Ed^S`Va& <^&
7gY( ,.',2& +330& Radiochimica Acta, 79& 21'3+ $+331%(

8a^^& H( 7(& C[dlSVWZ& I(& AW``W^& I( @(& :WFSa^[& :( M(& S`V MWTT& E( <(& "8[',+- Xad 7^bZS'bSdf[U^W'
_WV[SfWV HSV[a[__g`afZWdSbk"& FdaUWWV[`Ye aX N?? ?`fWd`Sf[a`S^ Ik_bae[g_ a` HSV[a'bZSd_SUWgf[US^
9ZW_[efdk& KbbeS^S& IiWVW`& @g`W +/'+3& +331& Journal of Labelled Compounds& XL& -.+'-.- $+331%(

:SVSUZahS& ;(& ?lSdV& C(& S`V C[dlSVWZ& I(& "7gfa_SfWV FdaVgUf[a` aX 9Sdd[Wd'XdWW HSV[a^S`fZS`[VWe"&
FdaUWWV[`Ye aX N?? ?`fWd`Sf[a`S^ Ik_bae[g_ a` HSV[abZSd_SUWgf[US^ 9ZW_[efdk& KbbeS^S& IiWVW`& @g`W
+/'+3& +331& Journal of Labelled Compounds& XL& ,/.',/0 $+331%(

FSU]SdV& 7( 8(& IbSWfZ& A(& Ada`SgYW& @( <(& S`V C[dlSVWZ& I(& "F^Sf[`g_'+3/_ HSV[abZSd_SUWgf[US^e Xad
JZWdSbk"& FdaUWWV[`Ye aX N?? ?`fWd`Sf[a`S^ Ik_bae[g_ a` HSV[abZSd_SUWgf[US^ 9ZW_[efdk& KbbeS^S&
IiWVW`& @g`W +/'+3& +331& Journal of Labelled Compounds& XL& -/.'-/0 $+331%(

C[dlSVWZ& I( S`V FSU]SdV& 7( 8( $+33/%& "Ik`fZWe[e aX 7PJ'Ff$fWdbk% '' 7 bafW`f[S^ Ua_bag`V Xad
dSV[afZWdSbk aX 7?:I"& FdaUWWV[`Ye aX ek_bae[g_ a` 7VhS`UWe [` 8[aUa`\gYSfW 9ZW_[efdk& ,+*fZ 79I
DSf[a`S^ CWWf[`Y& 9Z[USYa& ?^^& 7gY( ,*',.& +33/(

C[dlSVWZ& I( S`V A`Sbb& <( <( @d(& "8[a_WV[US^ =W`WdSfad IkefW_e"& Journal of Radioanalytical and
Nuclear Chemistry - Articles& 203& .03'.20 $+330%(

C[dlSVWZ& I( S`V H( C( BS_TdWUZf& "HSV[aUZW_[efdk aX =Wd_S`[g_"& Journal of Radioanalytical and
Nuclear Chemistry - Articles& 202& 1'+*, $+330%(

A`Sbb& <( <(& @d( S`V C[dlSVWZ& I(& "HSV[a`gU^[VW FdaVgUf[a`& IWUf[a` +( HWSUfade"& [` Principles of
Nuclear Medicine $>( D( MSY`Wd& P( IlSTa S`V @( M( 8gUZS`S`& WV[fade%& M( 8( IS`VWde& 9a(& DWi Oad]&
$+33/%& bb +-/'+..& ?I8D *'1,+0'3*3+',(

CSZ_aaV& I( J(& C[dlSVWZ& I(& FSUW& @( L(& ???& <SddW^& A( S`V E^[hWd& 8( C(& Neutron Dosimetry of the
HFIR Hydraulic Tube Facilities& ORNL/TM 12831 $+33.%(

C[dlSVWZ& I(& 7^WjS`VWd& 9( M(& CUCS`S_k& J( S`V A`Sbb& <( <(& Projected Medical Radioisotope
Production Capabilities of the Advanced Neutron Source (ANS)& ORNL/TM-12010S $+33.%(

A`Sbb& @d(& <( <(& C[dlSVWZ& I(& 8WWfe& 7( B(& IZSd]Wk& H(& =d[XX[fZe& =(& S`V =a^VW`TWdY& :( C( "9gd[W'
IUS^W Jg`YefW`'+22)HZW`[g_'+22 =W`WdSfade 9S` 9aef';XXWUf[hW^k Fdah[VW 9Sdd[Wd'<dWW HZW`[g_'+22
Xad Hagf[`W 9^[`[US^ 7bb^[USf[a`e&" <agdfZ ?`fWd`Sf[a`S^ Ik_bae[g_ a` JWUZ`Wf[g_ S`V HZW`[g_ [`
9ZW_[efdk S`V DgU^WSd CWV[U[`W& 8dWeeS`a`W& ?fS^k& IWbfW_TWd +,'+.& +33.& in press.

A`Sbb& @d(& <( <(& S`V C[dlSVWZ& I( "JZW 9a`f[`g[`Y ?_badfS`f Ha^W aX HSV[a`gU^[VW =W`WdSfad IkefW_e
Xad DgU^WSd CWV[U[`W&" Invited Review Article& ;gdabWS`( @agd`S^ aX DgU^WSd CWV[U[`W& 20& ++/,'++0/
$++3.%(
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:SVSUZahS& ;(& C[dlSVWZ& I(& BS_TdWUZf& H( C(& >WfZWd[`Yfa`& ;( S`V A`Sbb& <( <(& "IWbSdSf[a` aX
9Sdd[Wd'XdWW +00>a Xda_ +00:k [` S 8[a_WV[US^ =W`WdSfad IkefW_"& [` Synthesis and Applications of
Isotopically Labelled Compounds& @aZ` M[^Wk S`V Ia`e BfV( $+33/%& bb ,,3',-+(

:SVSUZahS& ;(& C[dlSVWZ& I( S`V BS_TdWUZf& H( C(& "7^g_[`S'TSeWV +22M:+22HW 8[a_WV[US^ =W`WdSfad ''
FZke[US^ S`V 9ZW_[US^ IfgVk aX Jg`YefSfW ?a` 7Veadbf[a` a` 7^,E-& [` Synthesis and Applications of
Isotopically Labelled Compounds& @aZ` M[^Wk S`V Ia`e BfV( $+33/%& bb ,-+',-0(

AS_[a][& >(& C[dlSVWZ& I(& S`V BS_TdWUZf& "FdW'U^[`[US^ WhS^gSf[a` aX +22M:+22HW 8[a_WV[US^
=W`WdSfad"& +*fZ ?`fWd`Sf[a`S^ Ik_bae[g_ a` HSV[abZSd_SUWgf[US^ 9ZW_[efdk& Akafa& @SbS`& EUfaTWd
,/',2 $+33-%(

C[dlSVWZ& I(& :[ 8Sdfa^a& D(& I_[fZ& I( L(& BS_TdWUZf& H( C(& A`Sbb& <( <( @d(& "+00:kebdae[g_'
+00>a^_[g_ In Vivo =W`WdSfad"& +*fZ ?`fWd`Sf[a`S^ Ik_bae[g_ a` HSV[abZSd_SUWgf[US^ 9ZW_[efdk&
Akafa& @SbS`& EUfaTWd ,/',2 $+33-%(

C[dlSVWZ& I(& >WfZWd[`Yfa`& ;( S`V A`Sbb& <( <(& S`V BS_TdWUZf& H( C(& "9Sdd[Wd'XdWW >a^_[g_'+00
Xda_ +00:k)+00>a 8[a_WV[US^ =W`WdSfad IkefW_& +*fZ ?`fWd`Sf[a`S^ Ik_bae[g_ a` HSV[abZSd_SUWgf[US^
9ZW_[efdk& Akafa& @SbS`& EUfaTWd ,/',2 $+33-%(

C[dlSVWZ& I(& "7VhS`UWe [` fZW +22M'+22HW =W`WdSfad"& [` Proceedings of the International Symposium on
Advances in Radiopharmaceuticals& IkV`Wk& 7gefdS^[S& <WTdgSdk /& +33-(

C[dlSVWZ& I(& H( ;( IUZW`fWd& 7( F( 9S^^SZS` S`V <( <( A`Sbb& Production Capabilities in U. S. Nuclear
Reactors for Medical Radioisotopes& ORNL/TM-12010 $+33,%(

C[dlSVWZ& I(& :( ;( H[UW& 7( F( 9S^^SZS` S`V <( <( A`Sbb& @d(& "JZW +3.Ee)+3.?d =W`WdSfad '' FdaVgUf[a` S`V
Fgd[X[USf[a` aX +3.Ee"& [` Proceedings of the IX International Symposium on Radiopharmaceutical
Chemistry& FSd[e& <dS`UW& 7bd[^ 0'+* $+33,%& bb .1+'.1-(

8dWUZT[W^& C( M(& 9( =( F[bb[`& I( C[dlSVWZ& 9( Mg& J( @( CUCgddk& E( 7( =S`eai& :( 9a^UZWd& :( ;(
C[^W`[U& C( HaeW^[& H( >g`W]W S`V C( IfdS`V& "Ik`fZWe[e aX ,'$b'I9D'TW`lk^%' fdS`e'UkU^aZWjk^':JF7
Xad �'bSdf[U^W CWV[SfWV HSV[a[__g`afZWdSbk"& [` Proceedings of the IX International Symposium on
Radiopharmaceutical Chemistry& FSd[e& <dS`UW& 7bd[^ 0'+* $+33,%& bb-1/'-12(

A`Sbb& <( <( @d(& ;( 9( B[e[U& I( C[dlSVWZ& 7( F( 9S^^SZS`& S`V :( ;( H[UW& "7 DWi 9^[`[US^ FdafafkbW
Jg`YefW`'+22)HZW`[g_'+22 =W`WdSfad fa Fdah[VW >[YZ BWhW^e aX 9Sdd[Wd'XdWW HZW`[g_'+22 Xad
HSV[a[__g`afZWdSbk $H?J%"& [` Proceedings of the European Association of Nuclear Medicine Meeting&
L[W``S& 7gefd[S& IWbfW_TWd +'/& +33+5 DgU^WSd CWV[U[`W [` HWeWSdUZ S`V FdSUf[UW& IUZSffSgWd LWd^SY&
IfgffYSdf& bb +2-'+20 $+33,%(

C[dlSVWZ& I( S`V O( O(& 9Zg "FdaVgUf[a` aX =S'00& 7 Fae[fda` ;_[ffWd Xad HSV[a[__g`afZWdSbk"& [`
Proceedings of the International Conference on Nuclear Data for Science and Technology& @g^[UZ&
=Wd_S`k& CSk +33+& I( C( GS[_ ;V[fad& $?I8D *'-21'//+**N%& Ibd[`YWd LWd^SY& DWi Oad] $+33,% bb
0+3'0,+(
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C[dlSVWZ& I(& <( <( A`Sbb& @d( S`V 7( F( 9S^^SZS`& "FdaVgUf[a` aX Jg`YefW`'+22 S`V Ee_[g_'+3. [` S
DgU^WSd HWSUfad Xad DWi 9^[`[US^ =W`WdSfade"( ?` Proceedings of the International Conference on
Nuclear Data for Science and Technology& @g^[UZ& =Wd_S`k& CSk +33+& I( C( GS[_ ;V[fad& $?I8D *'-21'
//+**N%& Ibd[`YWd LWd^SY& DWi Oad] $+33,% /3/'/31(

A`Sbb& <( <( @d(& 7( F( 9S^^SZS`& I( C[dlSVWZ& 9( 8d[ZSkW S`V C( =g[^^Sg_W& "JZW :WhW^ab_W`f aX DWi
HSV[a`gU^[VW =W`WdSfad IkefW_e Xad DgU^WSd CWV[U[`W 7bb^[USf[a`e"& [` Progress in Radiopharmacy $F(
7( IUZgT[YWd S`V =( MWefWdS WVe(%& :WhW^ab_W`f [` DgU^WSd CWV[U[`W IWd[We& La^( ,, $?I8D *'-21'
//+**'j%& A^giWd 7USVW_[U FgT^[eZWde $+33,% bb 01'22(

=S`eai& E( 7(& C( M( 8dWUZT[W^& I( C[dlSVWZ& :( 9a^UZWd S`V C( HaeW^^[& "9ZW^SfWe S`V 7`f[TaV[We4
9gddW`f CWfZaVe S`V DWi :[dWUf[a`e"( ?` Cancer Imaging with Radiolabeled Antibodies& :( C(
=a^VW`TWdY WV[fad& A^giWd 7USVW_[U FgT^[eZWde $+33*% bb +/-'+1+(

F[bb[`& 9( =(& I( C[dlSVWZ& S`V E( 7( =S`eai& "A[`Wf[Ue aX fZW ?eafabW ;jUZS`YW 8WfiWW` 9abbWd$??%
S`V 9abbWd$??%'+&.&1'Jd[SlSUkU^a`S`W'D&D#&D## Jd[SUWfSfW"( ?` Proceedings of the 5th International
Symposium on Radiopharmaceutical Chemistry& Fd[`UWfa`& DWi @WdeWk& @g`W +33*& @agd`S^ aX BSTW^WV
9a_bag`Ve S`V HSV[abZSd_SUWgf[US^e& 29 $egbb^(%& ,,1',,3 $+33*%(

9^W_& H(& H( C( BS_TdWUZf& I( C[dlSVWZ& 9( =( F[bb[`& C( M( 8dWUZT[W^& C( HaeW^^[& E( 7( =S`eai& S`V
:( 9a^UZWd& "HSV[aUZW_[efdk aX BWSV',*- Xad HSV[a^STW^[`Y 7`f[TaVk 9a`\gYSfWe"( Proceedings of the
5th International Symposium on Radiopharmaceutical Chemistry& Fd[`UWfa`& DWi @WdeWk& @g`W +33*&
@agd`S^ aX BSTW^WV 9a_bag`Ve S`V HSV[abZSd_SUWgf[US^e& 29 $egbb^(%& --/'--1 $+33*%(

C[dlSVWZ& I( S`V H( C( BS_TdWUZf& "CWSegdW_W`f aX fZW 9kU^afda` 8WS_ ;`WdYk aX fZW 7^bZS FSdf[U^W
Tk HgfZWdXadV IUSffWd[`Y [` =a^V <a[^"( ?` Proceedings of the IAEA Consultants' meeting on Data
Requirements for Medical Radioisotope Production& A( E]S_Sfa ;V[fad& ?7;7 ?D:9$D:9%'+3/)=P
@S`gSdk +322(

CSge`Wd& B( <(& H( CSZd& @(7( LSUZ[WdW I( 9( Id[hSefShS S`V I( C[dlSVWZ& "FdaVgUf[a` aX >[YZ IbWU[X[U
7Uf[h[fk I`'++1_ fZW Il[^SdV'9ZS^_Wde FdaUWee"( ?` Proceedings of the 7th International Symposium on
Radiopharmaceutical Chemistry, Groningen, the Netherlands& @g^k +322& @agd`S^ aX BSTW^WV 9a_bag`Ve
S`V HSV[abZSd_SUWgf[US^e& 26 $egbb^(%& +11'+12 $+322%(

=S`eai& E( 7(& C( M( 8dWUZT[W^& I( C[dlSVWZ& C( HaeW^^[& :( 9a^UZWd& 7( HSgT[feUZW] S`V
@( IUZ^a_( ":[XXWdW`UW [` fZW 8[aV[efd[Tgf[a` aX ?`V[g_ S`V Offd[g_ BSTW^WV Ca`aU^a`S^ 7`f[TaV[We"( ?`
Proceedings of the 7th International Symposium on Radiopharmaceutical Chemistry, Groningen, the
Netherlands& @g^k +322& @agd`S^ aX BSTW^WV 9a_bag`Ve S`V HSV[abZSd_SUWgf[US^e& 26 $egbb^(%& ,3*',3,
$+322%(

CSge`Wd& B( <(& I( C[dlSVWZ& S`V I( 9( Id[hSefShS& "7 DWi IbS^^Sf[a` HSV[a`gU^[VW HWeWSdUZ S`V
FdaVgUf[a` <SU[^[fk"( ?` Proceedings of the 6th International Symposium on Radiopharmaceutical
Chemistry& 8aefa`& CSeeSUZgeWffe& @g`W +320& @agd`S^ aX BSTW^WV 9a_bag`Ve S`V HSV[abZSd_SUWgf[US^e&
18 $egbb^(%& +,2*'+,2- $+320%(
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C[dlSVWZ& I(& B( <( CSge`Wd& S`V I( 9( Id[hSefShS& ":We[Y` aX S <g^^k 7gfa_SfWV& ?`'8WS_&
9a`f[`gage'<^ai ?'+,- FdaVgUf[a` IkefW_"( ?` Proceedings of the 6th International Symposium on
Radiopharmaceutical Chemistry& 8aefa`& CSeeSUZgeWffe& @g`W +320& @agd`S^ aX BSTW^WV 9a_bag`Ve S`V
HSV[abZSd_SUWgf[US^e& 18 $egbb^(%& +-20'+-22 $+320%(

CSge`Wd& B( <(& I( C[dlSVWZ& J( FdSUZ& S`V F( H[UZSdVe& "FdaVgUf[a` S`V IWbSdSf[a` aX J[`'++1_ Xad
8a`W HSV[afZWdSbk"( ?` Proceedings of the 5th International Symposium on Radiopharmaceutical
Chemistry, Ja]ka& @SbS`& @g^k +32.& @agd`S^ aX BSTW^WV 9a_bag`Ve S`V HSV[abZSd_SUWgf[US^e& 11

$egbb^(%& +,2.'+,2/ $+32.%(

C[dlSVWZ& I(& C( ASZ`& F( =dS`f& S`V >( 7( E#8d[W`& @d(& "7 :[ef[^^Sf[a`'TSeWV =W$02%'=S$02% Fae[fda`
=W`WdSfad"( ?` Proceedings of the Second International Congress of the World Federation of Nuclear
Medicine and Biology& MSeZ[`Yfa`& :(9(& +312(
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7( 9( FWSUaU]& H( 9abb[`Y& @( H( =d[eia^V& H( 7( 8a^^& :( B( :W`fa`& @( 7( =SgY^Wd& M[V`Wd& A( ;(
CgdbZk& :( IfdSUW`Wd( S`V I( C[dlSVWZ& tIWbSdSf[a` aX HSV[g_ Xda_ 8Sd[g_ S`V afZWd =dagb ??
;^W_W`fe Ke[`Y HWhWdeW FZSeW 9Sf[a` ;jUZS`YW 9Zda_SfaYdSbZk [` 9[fdSfW CWV[Su Xad egT_[ee[a` fa
HSV[aUZ[_[US 7UfS $,*,,% $g`VWd [`fWd`S^ dWh[Wi%(

@( =( CiS][eWYW& =( IUZiW[flWd S`V I( C[dlSVWZ& tIk`fZWe[e S`V IfST[^[fk aX 7Uf[`[g_',,/ ;`VaZWVdS^
<g^^WdW`We& ,,/7U690*u& 79I E_WYS /$.,%4,1*+0',1*,/& EUfaTWd ,*,*&
:E?4+*(+*,+)SUea_WYS(*U*+0/3(

I( C[dlSVWZ& t?``ahSf[a`& ?_bSUf S`V IfdSfWY[U ?_badfS`UW aX 7^bZS ;_[ff[`Y HSV[a`gU^[VWeu& @agd`S^ aX
CWV[US^ ?_SY[`Y S`V HSV[Sf[a` IU[W`UWe& 50& I0'I+* $,*+3%(

B( Adn^[U][& <( 8dgUZWdfeW[XWd& @( Ag`[]aie]S& >( Aal[SdS& 8( Adn^[U][& C( @S]gU[~e][& :( FSi^S]& 9(
7baefa^[V[e& I( C[dlSVWZ& H( Ha^S& 7( CWd^a& 7( CadYW`efWd`& tISXWfk S`V WXX[USUk aX fSdYWfWV S^bZS
fZWdSbk i[fZ ,+-8[':EJ7'egTefS`UW F [` dWUgddW`f Y^[aT^Sefa_Su& ;gdabWS` @agd`S^ aX DgU^WSd
CWV[U[`W S`V Ca^WUg^Sd ?_SY[`Y& .0$-%40+.'0,, $,*+3%(

ASfZ^WW` 8daVWd[U]& H[fS Bge]& @S_We >[`VWdWd& @gef[` =d[eia^V+& HaeW 8a^^& CSdU =Sd^S`V& BSidW`UW
>W[^Tda``& S`V ISWV C[dlSVWZ& tHWSUfad FdaVgUf[a` aX Fda_WfZ[g_'+.1u& 7bb^[WV HSV[Sf[a` S`V
?eafabWe& 144& /.'0- $,*+2%

C( Jada =a`lm^Wl& :( C( 9^[XXadV& H( 9abb[`Y& I( C[dlSVWZ& @( L( Ha\Se& tIk`fZWe[e S`V 9ZSdSUfWd[lSf[a`

aX ?`fd[`e[US^^k HSV[a^STW^WV BS`fZS`[VW FZaebZSfW DS`abSdf[U^We JaiSdV 8[a_WV[US^ S`V ;`h[da`_W`fS^

7bb^[USf[a`eu& @( DS`abSdf[U^W HWeWSdUZ& 20 (,-2%& Sdf[U^W [V( ,-2& +/ bb $,*+2%(

C( Jada =a`lm^Wl& H( 9abb[`Y& I( C[dlSVWZ& @( L( Ha\Se& tCg^f[Xg`Uf[a`S^ =VLE.4 ;g 9adW'IZW^^
DS`abSdf[U^We Ua`fS[`[`Y ,,/7U Xad JSdYWfWV 7^bZS JZWdSbk S`V Ca^WUg^Sd ?_SY[`Y( @( CSfWd[S^e
9ZW_[efdk 8& 0& 132/' 1331 $,*+2%

@a`SfZS` C( <[fle[__a`e& 8dk`S JaddW& 8dkS` @S_We <a^Wk& Hak 9abb[`Y& :Sh[V ;( >[^^& ISWV C[dlSVWZ&
9SfZk I( 9gf^Wd& BWa`SdV CSge`Wd& S`V :_[fd[ CWVhWVWh& t;hS^gSf[a` aX Ik`FZSeW BS`fWd`e Xad
USbfgd[`Y 7U',,/ Xda_ Tg^] fZad[g_u& @agd`S^ aX HSV[aS`S^kf[US^ S`V DgU^WSd 9ZW_[efdk& -+2 $+%& .11'
.2- $,*+2%(

B( Ada^[U][& <( 8dgUZWdfeW[XWd& @( Ag`[]aie]S& >( Aal[SdS& 8( Adn^[U][& C( @S]gU[~e][& :( FSi^S]& 9(
7baefa^[V[e& I( C[dlSVWZ& H( Ha^S& 7( CWd^a& 7( CadYW`efWd`& Fda^a`YWV egdh[hS^ [` eWUa`VSdk
Y^[aT^Sefa_S Xa^^ai[`Y ^aUS^ [`\WUf[a` aX fSdYWfWV S^bZS fZWdSbk i[fZ ,+-8['egTefS`UW F S`S^aYgW&
;gdabWS` @agd`S^ aX DgU^WSd CWV[U[`W S`V Ca^WUg^Sd ?_SY[`Y& 45$3%& +0-0'+0-0 $,*+2%

@gef[` H( =d[eia^V& 9SdS K( @aef& :S`[W^ M( IfdSUW`Wd& IfWbZS`[W >( 8dgXXWk& :Sh[V :W`fa`&
CSdU =Sd^S`V& BSidW`UW >W[^Tda``& S`V ISWV C[dlSVWZ& tFdaVgUf[a` aX ,,3JZ Xad CWV[US^ 7bb^[USf[a`e4
;jU[fSf[a` <g`Uf[a`e aX Bai';`WdYk Fdafa`e a` ,-,JZ JSdYWfeu& FZke[US^ HWh[Wi 9 98& *..0*1 $,*+2%(
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C[UZSW^ ;( 7gfW`d[WfZ& 9Zd[efaX IW[V^& <dS`] 8dgUZWdfeW[XWd& JZa_Se >ad`& <^ad[S` Agdfl& 8W`WV[]f
<WgWdWU]Wd& 9S^aYWda :w7^WeeS`Vd[S& 9Zd[ef[S` FXaT& 9Zd[efae 7baefa^[V[e& @odYW` ;( =eUZiW`V& CSd]ge
IUZiS[YWd& A^W_W`e IUZW[VZSgWd& ISWV C[dlSVWZ S`V 7^XdWV CadYW`efWd`& tJdWSf_W`f aX USdU[`a_S in
situ aX fZW gd[`Sdk T^SVVWd i[fZ S` S^bZS'W_[ffWd [__g`aUa`\gYSfW fSdYWf[`Y fZW Wb[VWd_S^ YdaifZ XSUfad
dWUWbfad4 7 b[^af efgVku& ;gdabWS` @agd`S^ aX DgU^WSd CWV[U[`W S`V Ca^WUg^Sd ?_SY[`Y& 45$2%4+-0.'+-1+
$,*+2%

B[& C(& PZS`Y& N(5 Gg[``& J( F(& BWW& :(& B[g& :(& Ag`]W^& <(5 P[__Wd_S`& 8( ;(& CU7^[efWd& :(& E^WiW[`&
A(& CW`VS& O(& C[dlSVWZ& I(& 9abb[`Y& H(& @aZ`ea`& <( B(& IUZg^fl& C( A(& 7gfa_SfWV USeeWffW'TSeWV
bdaVgUf[a` aX Z[YZ ebWU[X[U SUf[h[fk Q,*-),+,FTRbWbf[VW'TSeWV fZWdSY`aef[U dSV[abZSd_SUWgf[US^e Xad
[_SYW'Yg[VWV dSV[a`gU^[VW fZWdSbk Xad US`UWd( 7bb^[WV HSV[Sf[a` S`V ?eafabWe& 127& /,'0* $,*+1%(

HSVUZW`]a& L(& CSefdW`& J(& CWkWd& 9( 7( B(& ?hS`ah& 7( I(& 8dkS`feWh& L( I(& 9abb[`Y& H(& :W`fa`&
:(& ;`Y^W& @( M(& =d[eia^V& @( H(& CgdbZk& A(& M[^ea`& @( @(& EiW`e& 7(5 MkS`f& B(5 8[d`TSg_& ;( H(5
<[fle[__a`e& @(5 CWVhWVWh& :(5 9gf^Wd& 9( I(5 CSge`Wd& B( <(& Dadf[Wd& C( <(& @aZ`& A( :(& C[dlSVWZ& I(&
<SeeTW`VWd& C( ;(& HSV[a_Wfd[U WhS^gSf[a` aX V[Y^kUa^S_[VW dWe[`e Xad fZW UZda_SfaYdSbZ[U eWbSdSf[a` aX
SUf[`[g_ Xda_ X[ee[a` bdaVgUf ^S`fZS`[VWe( JS^S`fS& 175& -+2'-,. $,*+1%

@W^W`e]S& @(& :ShWd`& I(& IfS`VSWdf& H(& C[dlSVWZ& I(& =dWW`TWdY& @'J(& t<^SYW^^[` bWbf[VW X^Y,, YS[`e
SUUWee fa ^a`Y'V[efS`UW fdSXX[U][`Y [` 7dST[Vabe[e h[S [fe dWUWbfad& <BI,u @agd`S^ aX ;jbWd[_W`fS^ 8afS`k&
La^( 68& +103 $,*+1%(

@( H( =d[eia^V& :( =( CWVhWVWh& @( M( ;`Y^W& H( 9abb[`Y& @( C( <[fle[__a`e& L( HSVUZW`]a& @( 9(
9aa^Wk& C( ;( <SeeTW`VWd& :( B( :W`fa`& A( ;( CgdbZk& 7( 9( EiW`e& ;( H( 8[d`TSg_& A( :( @aZ`& <( C(
Dadf[Wd& :( M( IfdSUW`Wd& B( >( >W[^Tda``& B( <( CSge`Wd& I( C[dlSVWZ& tBSdYW IUS^W 7UUW^WdSfad
FdaVgUf[a` aX ,,/7U4 ;XXWUf[hW 9daee IWUf[a`e Xad 12'+3, CWL Fdafa`e ?`U[VW`f a` ,-,JZ JSdYWfeu&
7bb^[WV HSV[Sf[a` S`V ?eafabWe& 118& -00'-1. ,*+0(

IgeS` >aY^W& HaeW 7`` 8a^^& ASdW` CgdbZk& :Sh[V :W`fa`& 7^^[ea` EiW`e& JS_SdS @( >ShWd^aU]& CSdU
=Sd^S`V& S`V ISWV C[dlSVWZ& tHWSUfad FdaVgUf[a` aX JZad[g_',,3u& 7bb^[WV HSV[Sf[a` S`V ?eafabWe&
114& +3',1& ,*+0(

IS`VdS C( :ShWd`& J[_afZk ;( CUA`[YZf& HaTWdf <( IfS`VSWdf& @W``[XWd B( CaddW^^'<S^hWk& ;^W`S :(
IZbS]& KVSkS 9( AS^^gd[& @aS``S @W^W`e]S& @WS` J( =dWW`TWdY S`V ISWV C[dlSVWZ& t9SdTa` DS`aX[TWd
7ddSke4 7 DahW^ Jaa^ Xad C[UdaVW^[hWdk aX 8[a_a^WUg^We fa F^S`feu& FBaI ED;&
:E?4+*(+-1+)\agd`S^(ba`W(*+/-0,+& bb+',0& 7bd[^ ,1& ,*+0(

@gef[` @WWf& 9Zd[ef[S` IUZ`W[VWd& IUaff J( Ig^^[hS`& MSVW =( HW^^WdYWdf& ISWV C[dlSVWZ& 7( 9SeeS`Za& >(
F( @W`eeW`& ;gYW`W L( J]S^kS& S`V ;d[U H( >gVea`& tHWeg^fe aX S V[dWUf eWSdUZ ge[`Y ek`UZdafda` dSV[Sf[a`
Xad fZW ^ai'W`WdYk ,,3JZ `gU^WSd [ea_Wd[U fdS`e[f[a`u& FZke( HWh( BWff& 114& ,/-**+$+'0% $,*+/%(

@Wee[]S L( Ha\Se& @a`SfZS` MaaViSdV& DS` 9ZW`& 7VS_ @( Ha`V[`a`W& 9Sd^ae >( 9SefS`a& S`V ISWV
C[dlSVWZ& $,*+/% tIk`fZWe[e S`V UZSdSUfWd[lSf[a` aX ^S`fZS`g_ bZaebZSfW `S`abSdf[U^We Se USdd[Wde Xad
,,-HS S`V ,,/HS Xad fSdYWfWV S^bZS fZWdSbku& @( DgU^( CWV( 8[a^aYk& 42, 0+.'0,* $,*+/%(
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CSd] <( CUBSgYZ^[`& :Sh[V HaTWdfea`& FSg^ >( FWhe`Wd& @a`SfZS` I( MS^^& ISWV C[dlSVWZ& S`V IfWbZW`
@( AW``W^& tB`FE. `S`abSdf[U^We VabWV i[fZ 7U',,/ S`V eWcgWefWdWV VSgYZfWde Xad fSdYWfWV S^bZS
fZWdSbku& 9S`UWd 8[afZWdSbk S`V HSV[abZSd_SUWgf[US^e( 29$+%& -.'.+& $,*+.%(

CSd] <( CUBSgYZ^[`& @a`SfZS` MaaViSdV& HaeW 7( 8a^^& 7VS_ @( Ha`V[`a`W& ISWV C[dlSVWZ& S`V @(
:Sh[V HaTWdfea`& t=a^V'9aSfWV BS`fZS`[VW FZaebZSfW DS`abSdf[U^We Xad S` ,,/7U [` h[ha 7^bZS
=W`WdSfadu& HSV[aUZ[_[US 7UfS& 101& /3/'0**& $,*+-%(

:W^_Sg B( B(& Ca[`W @(C(& C[dlSVWZ I(& S`V CakWd 8( 7( $,*+-% t<[def ;jbWd[_W`fS^^k :WfWd_[`WV
JZWd_aVk`S_[U LS^gWe aX <dS`U[g_4 >kVdSf[a` ;`WdYk& ;`WdYk aX FSdf[f[a`[`Y& S`V JZWd_aVk`S_[U
HSV[geu& @( FZke[US^ 9ZW_[efdk 85 117$-+%& 3,/2'3,0+(

CUBSgYZ^[` C( <(& MaaViSdV @(& 8a^^ H(7(& MS^^ @( I(& Ha`V[`a`W 7( @(& AW``W^ I( @(& C[dlSVWZ I(& S`V
HaTWdfea` @(:(& t=a^V 9aSfWV BS`fZS`[VW FZaebZSfW DS`abSdf[U^We Xad JSdYWfWV 7^bZS =W`WdSfad
HSV[afZWdSbku FBEI E`W& 2)+& W/./-+ $,*+-%(

MaaViSdV @(& AW``W^ I(@(& IfgU]Wk 7(& EeTad`W :(& MS^^ @(& Ha`V[`a`W 7(& IfS`VSWdf H(<(& S`V C[dlSVWZ
I(& ,*++&"BSFE. DS`abSdf[U^We :abWV i[fZ 7Uf[`[g_',,/ fZSf FSdf[S^^k IWcgWefWd :SgYZfWd
HSV[a`gU^[VWe"& 8[aUa`\gYSfW 9ZW_[efdk& 22& 100'110 $,*++%(

AW``W^& I( @(& MaaViSdV& @( :(& Ha`V[`a`W& 7( @(& MS^^& @(& >gS`Y& O& C[dlSVWZ& I(& tJZW <SfW aX C7T
fSdYWfWV 9V+,/_JW)P`I `S`abSdf[U^We in vivou& @( DgU^( CWV( 8[a^aYk& 35, Issue 4& May 2008& Pages 501-
514

:[W`Wd& C( :(& 7^XadV& @( C(& AW``W^& I( @(& C[dlSVWZ& I(& t,+,FT690* S`V [fe MSfWd'Ia^gT^W :Wd[hSf[hWe4
Ik`fZWe[e& IfST[^[fk S`V Ig[fST[^[fk Xad HSV[a[__g`afZWdSbku& @( 7_( 9ZW_( IaU(& 129& /+-+ $,**1%(

:[W`Wd& C( :(& 7^XadV& @( C(& M[^^[S_ea`& A( 7(& C[dlSVWZ& I( t+11Bg 690* S`V [fe MSfWd'Ia^gT^W
:Wd[hSf[hWe4 FdaVgUf[a`& Fgd[X[USf[a` S`V FafW`f[S^ Xad HSV[a[__g`afZWdSbku& 9ZW_( FZke( BWff $,**1%(
$egT_[ffWV%(

MaaViSdV& @( :(& AW``W^& I( @(& C[dlSVWZ& I(& :S[& I(& MS^^& @(& H[UZWk J(& 7hW`W^^& @(& Ha`V[`a`W& 7( @(&
t?` h[ha IF;9J)9J [_SY[`Y S`V T[aV[efd[Tgf[a` ge[`Y dSV[aSUf[hW 9V+,/_JW)P`I `S`abSdf[U^Wu&
DS`afWUZ`a^aYk 18& +1/+*- ' +1/+*2 $,**1%(

AW``W^& I(& BS`]XadV& J(& =Sd^S`V& C& Ig`VTWdY& @(& F(& C[dlSVWZ& I(& "8[aV[efd[Tgf[a` aX ,,/HS U[fdSfW [`
_[UW4 dWfW`f[a` aX VSgYZfWd dSV[a[eafabWe [` Ta`W"& DgU^WSd CWV[U[`W S`V 8[a^aYk& 32& 2/3'201 $,**/%(

8a^^& H( 7(& CS^]W_ge& :(& S`V C[dlSVWZ& I( tFdaVgUf[a` aX 7Uf[`[g_',,/ Xad 7^bZS FSdf[U^W CWV[SfWV
HSV[a[__g`afZWdSbku( Applied Radiation and Isotopes& 62& bb 001'013 $,**/%(

>ShWd^aU]& J( @(& C[dlSVWZ& I(& S`V CakWd& 8( 7(& tIW^WUf[h[fk aX 9S^[j Q.R SdW`W'T[e$TW`laUdai`'0% [` fZW
9a_b^WjSf[a` S`V JdS`ebadf aX <dS`U[g_ ?a`eu& Journal of American Chemical Society& 125& ++,0'++,1
$,**-%(

=Sd^S`V& C( 7(& C[dlSVWZ& I(& 7^WjS`VWd& 9( M(& >[dfl& =( @(& >aTTe& H( M(& S`V A`Sbb& <( <( @d(& t<^gj
9ZSdSUfWd[lSf[a` aX S FWd[bZWdS^ JSdYWf Fae[f[a` [` fZW >[YZ <^gj ?eafabW HWSUfadu& Applied Radiation and
Isotopes, 59& 0-'1, $,**-%(
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C[dlSVWZ& I(& BS_TdWUZf& <( O(& BS_TdWUZf& H( C(& t:WUSk aX Jg`YefW`'+23"& Applied Radiation and
Isotopes B Richard Lambrecht Memorial Issue& 56& 0-1'0.* $,**,%(

AW``W^& I( @(& C[dlSVWZ& I(& ;U]W^_S`& M( 9(& MS^V_S``& J( 7(& =Sd_SefS`[& A(& OadVS`ah& 7( J(&
IfST[`& C(& S`V 8dWUZT[W^& C( M(& "LSeUg^Sd JSdYWfWV HSV[a[__g`afZWdSbk i[fZ fZW !'W_[ffWd ,++7f"&
Radiation Research& 157& 0--'0.+ $,**,%(

AW``W^& I( @(& 8dWUZT[W^& C( M(& C[^W`[U& :( ;(& IUZ^a_& @(& S`V C[dlSVWZ& I( t7Uf[`[g_',,/ 9a`\gYSfWe
aX CST 99.3 S`V >g_S`[lWV :9>,99.34 JZWdSbk aX BI+1.J Jg_ade [` DgVW C[UWu& Cancer
Biotherapy and Radiopharmaceuticals& 17& ,+3',-+ $,**,%(

AW``W^& I( @(& BS`]XadV& J( A(& :ShWd`& I(& <aafW& B(& JS`[YgUZ[& A(& EZ[lg_[& ?(& Jegfeg_[& O(&

DS]SYSiS& I(& CSkg_[& J(& S`V C[dlSVWZ& I(& AJZWdSbk aX HSf JdSUZWS^ 9SdU[`a_S ?9'+, [` I9?: C[UW4

LSeUg^Sd JSdYWf[`Y i[fZ 8[',+-'C7T J;I',-"& ;gdabWS` @agd`S^ aX 9S`UWd& -2& +,12'+,21 $,**,%(

C[^W`[U& :( ;(& HaeW^^[& C(& C[dlSVWZ& I(& F[bb[`& =( 9(& =S`eai& E( 7(& 9aUZWd& :(& 8dWUZT[W^& C( M(&
S`V IUZ^a_& @( v?` L[ha ;hS^gSf[a` aX 8[e_gfZ'BSTW^WV Ca`aU^a`S^ 7`f[TaVk 9a_bSd[`Y :JF7'
:Wd[hWV 8[Xg`Uf[a`S^ 9ZW^SfWeu& Cancer Biotherapy and Radiopharmaceuticals& 16& +--'+.0 $,**+%(

C[dlSVWZ& I(& :g& C(& 8WWfe& 7(& A`Sbb& <( <( @d(& "JZWd_a'eWbSdSf[a` aX DWgfda` ?ddSV[SfWV Jg`YefW`
Xda_ HW S`V Ee"& Industrial and Engineering Chemistry Research& 39& -+03'-+1, $,***%(

AW``W^& I( @(& 9ZSbbW^^& B( B(& :SVSUZahS& A(& 8dWUZT[W^& C( M(& BS`]XadV& J( A(& :Sh[e& ?( 7(& IfST[`& C(&
S`V C[dlSVWZ& I(& ";hS^gSf[a` aX ,,/7U Xad LSeUg^Sd JSdYWfWV HSV[a[__g`afZWdSbk aX Bg`Y Jg_ade"&
Cancer Biotherapy and Radiopharmaceuticals& 15& ,-/',.. $,***%(

AW``W^& I( @(& C[dlSVWZ& I(& >gdef& =( 8(& <aafW& B( @(& BS`]XadV& J( A(& =^ai[W`]S& A( 7(& 9ZSbbW^^& B( B(&
AW^ea& @( H(& :ShWd`& I( C(& ISXShk& 7(& 8dWUZT[W^& C( M(& "BSTW^[`Y S`V :[efd[Tgf[a` aX B[`WSd FWbf[VWe
?VW`f[X[WV Ke[`Y [`'h[ha FZSYW :[eb^Sk IW^WUf[a` Xad Jg_ade"& Journal of Nuclear Medicine and
Biology& 27& 2+/'2,/ $,***%(

9SY^W& :( M(& AW``W^& I( @(& C[dlSVWZ& I(& 7^XadV& C( @(& M[^ea` B( @(& "In vivo IfgV[We aX <g^^WdW`W'TSeWV
CSfWd[S^e Ke[`Y ;`VaZWVdS^ CWfS^^aXg^^WdW`W HSV[afdSUWd" Proceedings of National Academy of Sciences&
96& /+2,'/+21 $+333%(

M[^ea`& B( @(& 9SY^W& :( M(& JZdSeZ& J( F(& AW``W^& I( @(& C[dlSVWZ& I(& 7^XadV& C( @(& ;ZdZSdVf& =( @&
"CWfS^^aXg^^WdW`W :dgY :We[Y`"& Coordination Chemistry Reviews& 190& +33 $+333%

JZdSeZ& J( F(& 9SY^W :( M(& 7^XadV& @( C(& Md[YZf& A(& ;ZdZSdVf& =( @(& C[dlSVWZ& I(& M[^ea` B( @(&
"JaiSdV <g^^WdW`W'8SeWV HSV[abZSd_SUWgf[US^e4 >[YZ O[W^V DWgfda` 7Uf[hSf[a` aX ;`VaZWVdS^ +0/>a
CWfS^^aXg^^WdW`We"& Chemical Physics Letter& +,01- $+333%(

AW``W^& I( @(& BS`]XadV& F( A(& <aafW( B( @(& :Sh[e& ?( 7(& 8a^^& H( 7(& S`V C[dlSVWZ& I(& "9a_T[`Sf[a`
LSeUg^Sd JSdYWfWV S`V Jg_ad JSdYWfWV HSV[a[__g`afZWdSbk"& Cancer Biotherapy and
Radiopharmaceuticals& 14& -1+'-13 $+333%(
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:WS^& A( 7(& :Sh[e& ?( 7(& C[dlSVWZ& I(& AW``W^& I( @(& 8dWUZT[W^& C( M( "?_bdahWV In Vivo IfST[^[fk aX
7Uf[`[g_',,/ 9a_b^WjWeu& @agd`S^ of Medicinal Chemistry& 42& ,322',33, $+333%(

:Sh[e& ?( 7(& =^ai[W`]S& A( 7(& 8a^^& H( 7(& :WS^& H( 7(& 8dWUZT[W^& C( M(& IfST[`& C& 8aUZe^Wd& F( D(&
C[dlSVWZ& I(& AW``W^& I( @(& "9a_bSd[ea` aX 7Uf[`[g_',,/ 9ZW^SfWe4 J[eegW :[efd[Tgf[a` S`V
HSV[afaj[U[fku& @agd`S^ of Nuclear Medicine and Biology& 26& /2+'/23 $+333%(

AW``W^& I( @(& 8a^^& H(& IfST[`& C(& IUZg^^Wd& >( C( S`V C[dlSVWZ& I(& "HSV[a[__g`afZWdSbk aX
C[Uda_WfSefSeWe [` Bg`Y i[fZ LSeUg^Sd JSdYWfWV ,+-8["& British Journal of Cancer 80& +1/'+2. $+333%(

AW``W^& I( @(& IfST[`& C(& <aafW( B( @(& BS`]XadV& F( A(& JWdlSYZ['>aiW& C(& FSffWdea`& >(& 8Sd]W`Tge& @&
Fabb& :( C( S`V C[dlSVWZ& I(& "Jaj[U[fk S`V C[UdaVae[_Wfdk Xad ,+-8[ 8ag`V fa CW_TdS`We aX
Ca`a^SkWd S`V IbZWda[V 9g^fgdWe aX Jg_ad 9W^^e"& Radiation Research& 151& ,..',/0 $+333%(

AW``W^& I( @(& IfST[`& C(& Oad[kSl& >(& 8dWUZT[W^& C(& S`V C[dlSVWZ& I(& "JdWSf_W`f aX Bg`Y Jg_ad
9a^a`[We i[fZ 3*O JSdYWfWV fa 8^aaV LWeeW^ ' 9a_bSd[ea` i[fZ fZW �'bSdf[U^W ;_[ffWd ,+-8["& Journal of
Nuclear Medicine and Biology& 26& +.3'+/1 $+333%(

HaeW^^[& C(& :( ;( C[^W`[U& I( C[dlSVWZ& C( 8dWUZT[W^& 9( =( F[bb[`& E( 7( =S`eai& :( 9a^UZWd& S`V @(
IUZ^a_( "8[aV[efd[Tgf[a` IfgV[We aX ?`V[g_'+++ S`V Offd[g_'BSTW^WV C78 81,(- ge[`Y :JF7'VWd[hWV
8[Xg`Uf[a`S^ 9ZW^SfWe "& Journal of International Society of Tumor Targeting( 1& ,*'.* $+333%(

HaeW^^[& C(& :( ;( C[^W`[U& C( 8dWUZT[W^& I( C[dlSVWZ& 9( =( F[bb[`& E( 7( =S`eai& :( 9a^UZWd& S`V @(
IUZ^a_& t?` L[ha 9a_bSd[ea` aX 9>N':JF7 B[YS`V ?ea_Wde [` 7fZk_[U C[UW 8WSd[`Y 9SdU[`a_S
NW`aYdSXfeu& 9S`UWd 8[afZWdSbk S`V HSV[abZSd_SUWgf[US^e +.$-%4,*3',*& +333(

CUCgddk& J( @(& F[bb[`& =( 9(& Mg& 9(& A[_& :( 7(& 8dWUZT[W^& C( M(& C[dlSVWZ& I(& S`V =S`eai& E( 7(&
"FZke[US^ FSdS_WfWde S`V 8[a^aY[US^ IfST[^[fk aX Offd[g_ $???% :[WfZk^W`Wfd[S_[`WbW`fSSUWf[U 7U[V
:Wd[hSf[hW 9a`\gYSfWe" Journal of Medicinal Chemistry, 41& -/.0'-/.3 $+332%(

AW``W^& I( @( S`V C[dlSVWZ& I(& "LSeUg^Sd JSdYWf[`Y Xad HSV[a[__g`afZWdSbk i[fZ ,+-8[ '' S` 7^bZS
FSdf[U^W ;_[ffWd"& Journal of Nuclear Medicine and Biology& 25& ,.+',.0 $+332%(

MS`Y& I( @(& B[`& M( O(& 9ZW`& C( D(& >e[WZ& 8( J(& C[dlSVWZ& I(& A`Sbb& <( <( & @d(& "HZW`[g_'+22
C[UdaebZWdWe4 7 `Wi HSV[Sf[a` Ik`ahWUfa_k 7YW`f"& Nuclear Medicine Communications& 19& .,1'.--
$+332%(

MS`Y& I( @(& B[`& M( O(& 9ZW`& C( D(& >e[WZ& 8( J(& C[dlSVWZ& I(& A`Sbb& <( <(& @d(& "?`fdSfg_adS^
?`\WUf[a` aX HZW`[g_'+22 C[UdaebZWdWe [`fa S` 7`[_S^ CaVW^ aX >WbSfa_S"& Journal of Nuclear
Medicine& 39& +1/,'+1/1 $+332%(

8a^^& H( 7(& C[dlSVWZ& I( S`V AW``W^& I( @( $+331%& tEbf[_[lSf[a` aX HSV[a^STW^[`Y aX ?__g`abdafW[`e
i[fZ ,+-8[u& HSV[aUZ[_[US 7UfS 79& +./'+.3(

C[dlSVWZ& I( S`V MS^eZ& F(& "Dg_Wd[US^ ;hS^gSf[a` aX fZW FdaVgUf[a` aX HSV[a`gU^[VWe [` S DgU^WSd
HWSUfad '' FSdf ?u& 7bb^[WV Radiation and Isotopes& 49& -13'-2, $+331%(
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C[dlSVWZ& I( S`V MS^eZ& F(& "Dg_Wd[US^ ;hS^gSf[a` aX fZW FdaVgUf[a` aX HSV[a`gU^[VWe [` S DgU^WSd
HWSUfad '' FSdf ??u& 7bb^[WV Radiation and Isotopes& 49& -2-'-3/ $+331%(

C[dlSVWZ& I(& A`Sbb& <( <(& @d( S`V BS_TdWUZf& H( C(& "8gd`'gb Udaee'eWUf[a` aX M'+22"& Radiochimica
Acta, 77& 33'+*, $+331%(

:SVSUZahS& ;( S`V C[dlSVWZ& I(& "JZW Ha^W aX J[` [` :[dWUf BSTW^[`Y aX FdafW[`e i[fZ HZW`[g_'+22"& J.
Nuclear Medicine and Biology, 6, 0*/'0*2 $+331%(

C[dlSVWZ& I(& 9( M( 7^WjS`VWd S`V <( <( A`Sbb& @d(& ";hS^gSf[a` aX DWgfda` ?`W^Sef[U IUSffWd[`Y& Q`&`#R&
Xad FdaVgUf[a` aX >[YZ Ib[` ++1_I`& ++3_I` S`V +3/_Ff ?eafabWe"& Applied Radiation and Isotopes& 48& ..+'
..0 $+331%(

:SVSUZahS& ;(& C[dlSVWZ& I(& I_[fZ& I( L(& A`Sbb& <( <( @d( S`V >WfZWd[`Yfa`& ;( B( "HSV[a^STW^[`Y
7`f[TaV[We i[fZ >a^_[g_'+00"& Applied Radiation and Isotopes 48& .11'.2+ $+331%(

:SVSUZahS& ;(& C[dlSVWZ& I( S`V BS_TdWUZf& H( C(& "Jg`YefSfW'?a`'7^g_[`S ?`fWdSUf[a` [` S+22M)+22HW
8[a_WV[US^ =W`WdSfad"& Journal of Physical Chemistry 99& +*310'+*32+ $+33/%(

I_[fZ& I( L(& :[ 8Sdfa^a& D& C[dlSVWZ& I(& BS_TdWUZf& H( C( S`V A`Sbb& <( <( @d(& "Q+00:kR
:kebdae[g_)Q+00>aR >a^_[g_ In Vivo =W`WdSfadu& 7bb^[WV Radiation and Isotopes 46& 1/3'10. $+33/%(

:SVSUZahS& ;(& C[dlSVWZ& I(& BS_TdWUZf& H( C(& >WfZWd[`Yfa`& ;( S`V A`Sbb& <( <(& "IWbSdSf[a` aX
9Sdd[Wd'XdWW +00>a Xda_ :k,E- JSdYWfe Tk FSdf[f[a` 9Zda_SfaYdSbZk S`V ;^WUfdabZadWe[e"& Journal of
Radioanalytical and Nuclear Chemistry - Letters& 199& ++/ $+33/%(

:SVSUZahS& ;(& C[dlSVWZ& I(& BS_TdWUZf& H( C(& >WfZWd[`Yfa`& ;( S`V A`Sbb& <( <(& "IWbSdSf[a` aX
9Sdd[Wd'XdWW >a^_[g_'+00 Xda_ DWgfda`'[ddSV[SfWV :kebdae[g_ JSdYWfe"& Journal of Analytical
Chemistry& 66& .,1,'.,11 $+33.%(

A`Sbb& <( <(& @d(& 9S^^SZS`& 7( F(& 8WWfe& 7( B(& C[dlSVWZ& I(& S`V >e[WZ( 8('J( "FdaUWee[`Y aX HWSUfad'
FdaVgUWV Jg`YefW`'+22 Xad <STd[USf[a` aX 9^[`[US^ IUS^W 7^g_[`S'8SeWV Jg`YefW`'+22)HZW`[g_'+22
=W`WdSfadeu 7bb^[WV Radiation and Isotopes& 45& ++,-'++,2 $+33.%(

AS_[a][& >(& C[dlSVWZ& I(& BS_TdWUZf& H( C(& A`Sbb& <( <( S`V :SVSUZahS& ;(& "+22M:+22HW =W`WdSfad
Xad 8[a_WV[US^ 7bb^[USf[a`e"& Radiochimica Acta& 0/& -3'.0 $+33.%(

@g`YZS`e& H( F(& :aTTe& :(& HSgT[feUZW]& 7( 7(& 8dWUZT[W^& C( M(& C[dlSVWZ& I(& =S`eai& E( 7( S`V
MS^V_S``& J( 7(& "FZSd_SUa][`Wf[Ue S`V 8[aSUf[h[fk aX :EJ7'8[e_gfZ 9a`\gYSfWV 7`f['JSU 7`f[TaVk
Xad 7^bZS ;_[ffWd JZWdSbk"& Cancer Research& 53& /02-'3 $+33-%(

C[dlSVWZ& I(& A( Ag_Sd S`V E( 7( =S`eai& "JZW 9ZW_[US^ <SfW aX ,+,8[':EJ7 <ad_WV Tk p':WUSk aX
,+,FT$:EJ7%,' 9a_b^Wj"& Radiochimica Acta& 60&+'+* $+33-%(
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CSge`Wd& B( <(& I( C[dlSVWZ& S`V I( 9( Id[hSefShS "?_bdahWV IbWU[X[U 7Uf[h[fk aX ++1_I` i[fZ fZW Il[^SdV'
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HaeW^^[& C(& @( IUZ^a_& E( 7( =S`eai& C( 8dWUZT[W^& I( C[dlSVWZ& 9( =( F[bb[`& :( ;( C[^W`[U S`V :(
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