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connected, and to subtraction input - threshold frequency generator, and also interpolator, threshold
cascade and executing mechanism, all serially connected to output of comparison device. Also, device
additionally includes transformation time-setting device, launch input of which is connected to output of
threshold cascade, and also electronic key, connected by input to detector of ionizing radiations, and by
output - to control input of threshold frequency generator, control input of the key is connected to
transformation time setting device. Described device realizes corresponding method for correcting

measuring parameters of radioisotope discontinuous threshold detector.
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Nuclear physics, namely methods and devices for correcting and stabilizing measuring routes of

radioisotope devices.
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Increased precision and increased stability of radioisotope discontinuous threshold detector.2 cl, 3 dwg

Abstract

FIELD: nuclear physics, namely methods and devices for correcting and stabilizing measuring routes of
radioisotope devices. ~ SUBSTANCE: suggested radioisotope discontinuous threshold detector contains a
source of ionizing radiation, detector of ionizing radiation, threshold frequency generator, comparison
device, to addition input of which detector is connected, and to subtraction input - threshold frequency
generator, and also interpolator, threshold cascade and executing mechanism, all serially connected to
output of comparison device. Also, device additionally includes transformation time-setting device, launch
input of which is connected to output of threshold cascade, and also electronic key, connected by input to
detector of ionizing radiations, and by output - to control input of threshold frequency generator, control
input of the key is connected to transformation time setting device. Described device realizes corresponding
method for correcting measuring parameters of radioisotope discontinuous threshold detector. ~ EFFECT:

increased precision and increased stability of radioisotope discontinuous threshold detector. ~ 2 cl, 3 dwg
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PATENT
22859 Attorney Docket No.: 56782.1.7

Customer Number

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
First Named Inventor:  Stephen E. Hidem

Application No.: 12/137,364 Group Art Unit: 3763
Filed: June 11, 2008 Examiner: ZHANG, Jenna
Title: INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED

MAINTENANCE AND/OR OPERATION AND METHODS OF USE

Mail Stop FINAL
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT

Dear Sir:

In response to the Final Office Action mailed May 28, 2013, the period of response for
which runs through August 28, 2013, please amend the application as follows. This Amendment
is accompanied by a Request for Continued Examination under 37 C.F.R. § 1.114 and constitutes

a sufficient submission.
Amendments to the Claims are reflected in the listing of claims which begins on page

2 of this paper.
Remarks begin on page 9 of this paper.
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AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions and listings of claims in the application.

Listing of Claims:

1. (Currently Amended) A method for operating an infusion system, the system comprising an
eluant reservoir, a pump coupled to the reservoir, an infusion tubing circuit, a radioisotope
generator, an activity detector, a waste bottle and a computer including a computer interface, the
infusion tubing circuit including an eluant line coupled to the pump and to the generator, a waste
line coupled to the generator and to the waste bottle, and a patient line coupled to the generator,
the method comprising:
entering, into the computer, via the computer interface, a command to activate the pump in
order to generate an eluate from a portion of a volume of eluant pumped through the
generator, via an elution within the generator;
receiving an indication that the elution is completed, from the computer, via the computer

interface, that-the-elutionis-completed; when the pump has completed pumping the

portion of the volume of eluant; and

receiving from the computer, via the computer interface, a display of time lapsed since the

clution was completed.

2. (Original) The method of claim 1, further comprising:
entering, into the computer, via a computer interface, the volume of eluant contained in the
reservoir, prior to the elution; and
receiving, from the computer interface, an indication of a volume of eluant in the reservoir,
based upon tracking the portion of the volume of eluant that is pumped from the

TESErvoir.
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3. (Previously Presented) The method of claim 1, further comprising:
coupling the patient line of the infusion tubing circuit to a first shielded test vial, in order to
collect a first sample of the eluate from the patient line during the elution;
measuring an activity of the first sample; and
entering into the computer, via the computer interface, the measured activity of the first
sample and a time between completion of the elution and the measuring of the activity,

the computer calculating a breakthrough of the generator.

4. (Original) The method of claim 3, further comprising:
selecting a breakthrough test procedure of the computer, via the computer interface, prior to
entering the command to activate the pump; and
wherein coupling the patient line to the first shielded test vial is instructed by the computer

interface, after selecting the breakthrough test.

5. (Previously Presented) The method of claim 3, further comprising:

exchanging the patient line of the infusion tubing circuit for a first new patient line, after
collecting the first sample;

coupling the first new patient line to a second shielded test vial;

repeating the steps of claim 1, after exchanging the patient line, wherein the pump is
activated a second time and a second elution takes place, in order to fill the second vial
with a second sample of the eluate from the first new patient line;

measuring an activity of the second sample; and

entering into the computer, via the computer interface, the measured activity of the second
sample and a time between completion of the second elution and the measuring of the
activity of the second sample, the computer calculating a calibration coefficient for the
infusion system based on the measured activity of the second sample and an activity of

the eluate detected, during the second elution, by the activity detector of the system.
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6. (Original) The method of claim 5, further comprising:
selecting a calibration procedure of the computer, via the computer interface, prior to
entering the command to activate the pump for the second time; and
wherein coupling the first new patient line to the second shielded test vial is instructed by the

computer interface, after selecting the calibration procedure.

7. (Original) The method of claim 5, further comprising:
exchanging the first new patient line of the infusion tubing circuit for a second new patient
line, after the computer calculates the calibration coefficient;
purging air from the second patient line;
coupling the second new patient line to a patient, after purging; and
repeating the steps of claim 1, after exchanging the first new patient line for the second new
patient line, wherein the pump is activated a third time and a third elution takes place, in

order to inject a dose of the eluate to the patient from the second patient line.

8. (Original) The method of claim 7, further comprising receiving a report from the computer,
upon completion of the third elution, the report including a patient identification number and at

least one quantification of the dose of the eluate.

9. (Previously Presented) The method of claim 1, further comprising:

coupling the patient line to a shielded test vial in order to collect a sample of the eluate from
the patient line during the elution;

measuring an activity of the sample; and

entering into the computer, via the computer interface, the measured activity of the sample
and a time between completion of the elution and measuring of the activity, the computer
calculating a calibration coefficient for the infusion system based on the measured
activity and an activity of the eluate detected, during elution, by the activity detector of

the system.

666 of 2568



Application No. 12/137,364
Response to Final Office Action date May 28, 2013

10. (Original) The method of claim 9, further comprising:
selecting a calibration procedure of the computer, via the computer interface, prior to
entering the command to activate the pump; and
wherein coupling the patient line to the shielded test vial is instructed by the computer

interface, after selecting the calibration procedure.

11. (Original) The method of claim 1, further comprising:
purging air from the patient line;
coupling the patient line to a patient, after purging, in order to inject a dose of the eluate to
the patient from the patient line; and
receiving a report from the computer, upon completion of the elution, the report including a

patient identification number and at least one quantification of the dose of the eluate.

12. (Original) The method of claim 1, wherein the computer interface comprises a touch-

activated display screen.

13. (Original) The method of claim 1, further comprising:
receiving an indication, from the system, that the eluate is being diverted, from the generator,
through the waste line of the infusion tubing circuit, when the pump is activated;
receiving an indication, from the system, that the eluate is being diverted from the generator,

through the patient line of the infusion tubing circuit, when the pump is activated;

14. (Original) The method of claim 13, wherein:
the system further comprises a light projector;
the indication that the eluate is being diverted through the waste line comprises a flashing
light projection from the light projector; and
the indication that the eluate is being diverted through the patient line comprises a solid light

projection from the light projector.

15. (Original) The method of claim 13, further comprising receiving an indication from the

system that a peak bolus of radioactivity has been detected, in the eluate, by the activity detector.
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16. (Original) The method of claim 15, wherein:
the system further comprises a light projector; and
the indication that the peak bolus of radioactivity has been detected comprises a flashing light

from the light projector.

17. (Original) The method of claim 1, further comprising:
entering, into the computer, via the computer interface, a command to set a waste bottle level
indicator to zero, when the waste bottle is empty and prior to entering the command to
activate the pump; and
receiving, from the computer, via the computer interface, an indication that the waste bottle
needs to be emptied, based upon the computer tracking a volume of the eluate that is

diverted, from the generator, through the waste line of the infusion tubing circuit.

18. (Withdrawn) A computer readable medium having computer executable instructions for
executing a method for maintaining an infusion system, the method comprising:
receiving, via a graphical user interface, a volume of eluant contained in a reservoir of the
infusion system prior to activating a pump of the infusion system to pump a portion of the
volume of eluant through a radioisotope generator of the system in order to generate, via
clution, an cluate;
tracking the portion of the volume of eluant that is pumped from the reservoir;
providing an indication of a volume of eluant within the reservoir; and
tracking a volume of the eluate that is diverted from the generator to the waste bottle;

providing an indication that the waste bottle needs to be emptied.

19. (Canceled)

20. (Withdrawn) A computer readable medium having computer executable instructions for
executing a method of calibrating an activity detector of an infusion system, the method
comprising:

receiving a calibration command;
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receiving calibration parameters relating to an elution process;

activating a pump of the infusion system to initiate the elution process, the elution process
producing a sample of an eluate;

tracking a time from the end of the elution process;

receiving from the activity detector of the infusion system an activity level detected during
the elution process;

receiving a measured activity level of the eluate sample obtained from a dose calibrator;

receiving a time measured from the completion of the elution process to the measurement of
the activity level by the dose calibrator;

calculating a calibration coefficient for the infusion system based on the measured activity
level of the eluate sample and activity level detected during the elution process; and

providing the calibration coefficient as an output.

21. (Withdrawn) A computer readable medium having computer executable instructions for

executing a method of conducting a breakthrough test of a radioisotope generator of an infusion

system, the method comprising:

669 of 2568

receiving a breakthrough test command;

activating a pump of the infusion system to initiate an elution process, the elution process
using the generator to produce a sample of an eluate from a patient line;

tracking a time lapsed from the end of the elution process;

receiving a measured activity level of the eluate sample obtained from a dose calibrator;

receiving a time measured from the completion of the elution process to the measurement of
the activity level by the dose calibrator;

calculating a breakthrough of the radioisotope generator based on the measured activity level
and the time between completion of the elution process and the measuring of the activity
level; and

providing the breakthrough of the generator as an output.
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22. (Withdrawn) The computer readable medium of claim 21, further comprising:
receiving a second measured activity level of the eluate sample obtained from a dose
calibrator, the second measured activity level being a measurement taken at

predetermined time period after the completion of the elution process.

23. (Withdrawn) The computer readable medium of claim 21, wherein the predetermined time

period is 60 minutes after completion of the elution process.

24. (Withdrawn) A method for purging a tubing circuit of an infusion system with air, the
system comprising a pump coupled to the tubing circuit, a radioisotope generator, a waste bottle
and a computer including a computer interface, the method comprising:

receiving instructions from the computer, via the computer interface, to disconnect the pump
from an eluant reservoir of the system, and to by-pass the generator by disconnecting an
cluant line and an eluate line, of the tubing circuit, from the generator, and connecting the
eluant line to the eluate line; and

entering, into the computer, via the computer interface, a command to perform an air purge
of the tubing circuit, the air purge being automated, via the computer, to perform purges
of individual portions of the tubing circuit, in sequence, via control of the pump and of
two divergence valves of the tubing circuit;

wherein a first valve, of the two divergence valves, is located between a first portion of the
cluate line and two downstream portions of the eluate line, a first of the two downstream
portions extending to a waste bottle of the system and a second of the two downstream
portions extending to a vial outside the system;

a second valve, of the two divergence valves, is located between a first portion of the eluant
line, extending from the pump, and two downstream portions of the eluant line, a first of
the two downstream portions of the eluant line being connected to the first portion of the
cluate line, and a second of the two downstream portions of the eluant line being

connected to the second of the two downstream portions of the eluate line.

25. (New) The method of claim 1, wherein the display of time lapsed comprises a display of a

timer.
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Application No. 12/137,364
Response to Final Office Action date May 28, 2013

REMARKS
This Amendment is responsive to the Final Office Action dated May 28, 2013. Applicant
has amended independent claim 1, canceled claim 19, and added new claim 25. No new matter
has been added by way of the amendments, and support for the amendments can be found
throughout Applicant’s original disclosure including, ¢.g., at paragraph [55]. Claims 1-18 and
20-25 will be pending upon entry of this Amendment with claims 18—-24 withdrawn from

consideration. Reconsideration of the application is respectfully requested.

Interview Summary

Applicant thanks the Examiner for her time and the courtesies extended during the
telephonic interview conducted on August 7, 2013. Examiner Jenna Zhang and Applicant’s
representative Paul J. LaVanway, Jr. (Reg. No. 64,610) were involved in the telephonic
interview. The parties discussed rejected independent claim 1. The parties also discussed
Bergner et al. (US 4,585,941, hereinafter “Bergner”) and Mozley et al. (US 3,714,429,
hereinafter “Mozley”), which were cited in the Final Office Action dated May 28, 2013. No
exhibits were introduced or discussed.

Applicant’s representative noted distinctions between independent claim 1 and the
applied references. For example, Applicant’s representative discussed how independent claim 1
specified that “clution is completed, when the pump has completed pumping the portion of the
volume of eluant” and how the claim also required “receiving from the computer, via the
computer interface, a display of time lapsed since the elution was completed.” Applicant’s
representative submitted that neither Bergner nor Mozley disclosed or suggested the features of
independent claim 1.

The Examiner acknowledged the distinctions between independent claim 1 and the
Bergner and Mozley references. The Examiner further suggested making clarifying amendments
to independent claim 1 consistent with the amendment presented here. Agreement was reached
that independent claim 1, particularly as amended herein, was distinguishable from the rejections

of record.
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Response to Final Office Action date May 28, 2013

Claim Rejections Under 35 U.S.C. § 103(a)
In the Final Office Action, claims 1, 2, 9 and 11 were rejected under 35 U.S.C. § 103(a)

as purportedly being unpatentable over Bergner in view of Mozley. In addition, claims 3-8 were
rejected under 35 U.S.C. § 103(a) as purportedly being unpatentable over Bergner in view of
Mozley and further in view of Gerhart (US 3,774,036); claim 12 was rejected under 35 U.S.C. §
103(a) as purportedly being unpatentable over Bergner in view of Mozley and further in view of
Graves et al. (US 7,163,031, hereinafter “Graves™); and claim 17 was rejected under 35 U.S.C. §
103(a) as purportedly being unpatentable over Bergner in view of Mozley and further in view of
Agarwal et al. (US 4,096,859, hereinafter “Agarwal”).

As discussed and agreed during the telephonic interview, Bergner in view of Mozley does
not disclose or suggest all the features of independent claim 1, particularly as independent claim
1 is amended herein. Nothing in the other references cited in the Office Action overcomes the
deficiencies in Bergner and Mozley. Accordingly, in view of the agreement reached during the
telephonic interview, Applicant requests reconsideration and withdrawal of the outstanding
rejection against independent claim 1. Claims 2—-17 and 25 depend from independent claim 1
and are therefore patentable at least by virtue of their dependency from the independent claim, as

well as in their own right.
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Response to Final Office Action date May 28, 2013

CONCLUSION

It is submitted that all claims in this application are in condition for allowance. Applicant
respectfully requests reconsideration and prompt allowance of all pending claims.

In view of the differences identified above, Applicant reserves further comment
concerning the additional features set forth in the claims. However, Applicant does not
acquiesce in the propriety of the Office Action’s application or interpretation of the references
with respect to the claims, and reserves the right to present additional arguments in any further
prosecution of this application.

The Commissioner is authorized to charge any deficiencies and credit any overpayments
to Deposit Account No. 06-1910. The Examiner is invited to telephone the undersigned attorney

to discuss this application.

Dated: August 28, 2013 Respectfully submitted,

/Paul J. LaVanway, Jr./
FREDRIKSON & BYRON, P.A.
200 South Sixth Street, Suite 4000 Paul J. LaVanway, Jr.
Minneapolis, MN 55402-1425 USA Registration No. 64,610
Telephone: (612) 492-7387
Facsimile: (612)492-7077

Please grant any extension of time necessary for entry; charge any fee due to Deposit Account No. 06-1910.

7223790_1.DOC
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Application No. Applicant(s)

, -, ] 12/137,364 HIDEM ET AL.
Applicant-Initiated Interview Summary i i
Examiner Art Unit
JENNA ZHANG 3763

All participants (applicant, applicant’s representative, PTO personnel):

(1) JENNA ZHANG. (3) .

(2) PAUL LAVANWAY. (4) .

Date of Interview: 07 August 2013.

Type: [X Telephonic [ Video Conference
[] Personal [copy given to: [] applicant  [] applicant’s representative]

Exhibit shown or demonstration conducted: [] Yes [ No.
If Yes, brief description:

Issues Discussed []101 [J112 [J102 [X]103 [JOthers
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 1.

Identification of prior art discussed: Bergner (US Pat. No. 4,585,941).

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Applicant explained how the instant invention is different from Bergner noting in particular how the reference of
Bergner does not provide a basis for obviousness for the claimed invention. Examiner explained the interpretation of
the claims and further explained how Bergner provides a basis for one of ordinary skills to perform the method steps
as claimed. However, Examiner agreed with Applicant the distinction between the instant invention and Bergner and
suggested amending the claims to highlight this distinction. Examiner further agrees that the proposed amendmentis
would be sufficient to distinquishing the claimed invention from the current grounds of rejection.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a hon-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

] Attachment

. Z./ /Nicholas D Lucchesi/
Examiner, Art Unit 3763 Supervisory Patent Examiner, Art Unit 3763

U.S. Patent and Trademark Office
PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20130807
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, ho separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

—Name of applicant

—Name of examiner

—Date of interview

—Type of interview (telephonic, video-conference, or personal)

—Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

—An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant’s record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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Application No. Applicant(s)

12/137,364 HIDEM ET AL.
Office Action Summary Examiner AriUnit
JENNA ZHANG 3763

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

)X Responsive to communication(s) filed on 20 April 2012 and 17 May 2012.
2a)[X] This action is FINAL. 2b)[] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
___;therestriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5 Claim(s) 1-17is/are pending in the application.

5a) Of the above claim(s) ______is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)X Claim(s) 1-17 is/are rejected.
8)[] Claim(s) ____is/are objected to.
9)[] Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway
program at a participating intellectual property office for the corresponding application. For more information, please see
hito/iwww. useto.qovipatents/init_svenis/pph/indsx.isp or send an inquiry to PPHisedoack@uspio.aoy.

Application Papers

10)[] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 24 October 2008 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ().
a)[J Al b)[] Some * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. _____
3.[]] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) |:| Notice of References Cited (PTO-892) 3) D Interview Summary (PTO-413)
Paper No(s)/Mail Date.

2) & Information Disclosure Statement(s) (PTO/SB/08) 4) |:| Other:

Paper No(s)/Mail Date See Continuation Sheet.

U.S. Patent and Trademark Office
PTOL-326 (Rev. 09-12) Office Action Summary Part of Paper No./Mail Date 20130225
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Continuation Sheet (PTOL-326) Application No. 12/137,364

Continuation of Attachment(s) 2). Information Disclosure Statement(s) (PTO/SB/08), Paper No(s)/Mail Date :5/31/2012;
10/17/2012; 11/7/2012; 1/18/2013; 4/3/2013.
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Application/Control Number: 12/137,364 Page 2
Art Unit: 3763

DETAILED ACTION
1. In response to the Responses filed on April 17, 2012 and May 17, 2012, no

claims are amended. Currently, claims 1-17 are still pending.

Claim Rejections - 35 USC § 103
2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented 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 having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for establishing a background for determining
obviousness under 35 U.S.C. 103(a) are summarized as follows:

Determining the scope and contents of the prior art.

Ascertaining the differences between the prior art and the claims at issue.
Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the application indicating
obviousness or nonobviousness.

o=

3. This application currently names joint inventors. In considering patentability of
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of
the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was

not commonly owned at the time a later invention was made in order for the examiner to
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consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g)

prior art under 35 U.S.C. 103(a).

4. Claims 1, 2, 9, and 11 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Bergner (US Pat. No. 4,585,941) in view of Mozley et al (US Pat. No.
3,714,429).

Regarding claim 1, Bergner teaches a method for operating an infusion system,
the system comprising: an eluant reservoir, a pump (64) coupled to the reservoir, an
infusion tubing circuit (Fig. 1), a radioisotope generator (28), an activity detector (58), a
waste bottle (42) and a computer (60, 62) including a computer interface, the infusion
tubing circuit including an eluant line coupled to the pump and to the generator, a waste
line coupled to the generator and to the waste bottle, and a patient line coupled to the
generator (col. 3, line 23 until col. 4, line 53; Fig. 1), the method comprising:

entering, into the computer, via the computer interface, a command to
activate the pump in order to generate an eluate from a portion of a volume of
eluant pumped through the generator, via an elution within the generator;

receiving an indication, from the computer, via the computer interface, that
the elution is completed, when the pump has completed pumping the portion of
the volume of eluant; and

receiving an indication, from the computer, via the computer interface, of

time lapsed since the elution was completed (col. 4, line 7 until col. 6, line 19).
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Although Bergner discloses that an indication received, Bergner does not teach
that a display of time is received form the computer as required by the instant claims. It
is noted, however, that Mozley et al teaches that receiving and displaying the time
elapsed to show the user the radioactivity distribution of the treatment (col. 7, line 66
until col. 10, line 30). Therefore, it would have been obvious to one of ordinary skill in
the art at the time of the invention to modify the method of operating an infusion system
of Bergner with the feature of receiving from the computer, via the computer interface, a
display of time lapsed since the elution was completed as taught by Mozley et al such
that the radioactivity distribution can be seen by the user.

Regarding claim 2, Bergner teaches entering, into the computer (60, 62), via a
computer interface, the volume of eluant contained in the reservoir, prior to the elution;
and receiving, from the computer interface, an indication of a volume of eluant in the
reservoir, based upon tracking the portion of the volume of eluant that is pumped from
the reservoir (col. 4, line 4 until col. 5, line 32).

Regarding claim 9, Bergner teaches coupling the patient line to a shielded test
vial in order to collect a sample of the eluate from the patient line during the elution;
measuring an activity of the sample; and entering into the computer, via the computer
interface, the measured activity of the sample and a time between completion of the
elution and measuring of the activity, so that the computer may calculate a calibration
coefficient for the infusion system based on the measured activity and an activity of the
eluate detected, during elution, by the activity detector of the system (col. 6, line 21 until

col. 9, line 48).

687 of 2568



Application/Control Number: 12/137,364 Page 5
Art Unit: 3763

Regarding claim 10, Bergner teaches selecting a calibration procedure of the
computer, via the computer interface, prior to entering the command to activate the
pump (col. 4, line 26 until col. 9, line 48) but does not teach that the step of coupling the
patient line to the shielded test vial is instructed by the computer interface, after
selecting the calibration procedure. However, it would have been obvious to one of
ordinary skill in the art at the time of the invention to modify the device of Bergner so
that the controllers 60, 62 would notify the user to perform the step of coupling the
patient line to the shielded test vial for an automated reminder to the user to increase
the safety of the treatment.

Regarding claim 11, Bergner teaches purging air from the patient line; coupling
the patient line to a patient, after purging, in order to inject a dose of the eluate to the
patient from the patient line; and receiving a report from the computer, upon completion
of the elution, the report including a patient identification number and at least one
quantification of the dose of the eluate (col. 3, line 63 until col. 4, line 6 and lines 36-53;
col. 6, lines 1-19).

Regarding claims 13-16, Bergner teaches

receiving an indication, from the system, that the eluate is being diverted,
from the generator, through the waste line of the infusion tubing circuit, when the
pump is activated; and receiving an indication, from the system, that the eluate is
being diverted from the generator, through the patient line of the infusion tubing

circuit, when the pump is activated (col. 5, lines 8-24);
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receiving an indication from the system that a peak bolus of radioactivity
has been detected, in the eluate, by the activity detector (col. 7, line 1 until col. 9,
line 47); and
wherein the system further comprises a light projector (104, 96, 100, 108;
col. 9, line 49 until col. 10, line 11);
Although Bergner teaches the use of flashing and solid light projections from the light
projector (106, 108) as alerting notifications (col. 11, line 46 until col. 12, line 29),
Bergner does not teach that the indication that the eluate is being diverted through the
waste line is a flashing light projection, the indication that the eluate is being diverted
through the patient line comprises a solid light projection from the light projector, and
the indication that the peak bolus of radioactivity has been detected comprises a
flashing light from the light projector. However, it would have been obvious to one of
ordinary skill in the art at the time of the invention to modify the device of Bergner with
the use of flashing and solid light projections as the indication that the eluate is being
diverted through the waste line is a flashing light projection, the indication that the eluate
is being diverted through the patient line comprises a solid light projection, and the
indication that the peak bolus of radioactivity has been detected comprises a flashing

light from the light projector, to provide a notification that alerts the user.

5. Claims 3-8 are rejected under 35 U.S.C. 103(a) as being unpatentable over

Bergner (US Pat. No. 4,585,941) in view of Mozley et al (US Pat. No. 3,714,429) further

in view of Gerhart (US Pat. No. 3,774,036).
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Regarding claim 3, Bergner teaches coupling the patient line of the infusion
tubing circuit to a first shielded test vial, in order to collect a first sample of the eluate
from the patient line during the elution; measuring an activity of the first sample; and
entering into the computer, via the computer interface, the measured activity of the first
sample and a time between completion of the elution and the measuring of the activity
(col. 3, line 55 until col. 5, line 68). However, Bergner does not teach method step of the
computer calculating a breakthrough of the generator as required by the amended
instant claim. It is noted that Gerhart teaches that breakthrough testing is performed to
ensure the safety of a radioactive treatment dosage (col. 2, lines 27-39). Therefore, it
would have been obvious to one of ordinary skill in the art at the time of the invention to
modify the method of Bergner with a breakthrough test procedure as taught by Gerhart
to ensure the safety level of the treatment. Furthermore, it would have been obvious to
one of ordinary skill in the art at the time of the invention to modify the device of Bergner
so that the controllers 60, 62 perform the breakthrough test to calculate a breakthrough
of the generator since the controllers 60, 62 controls the operations of the device of
Bergner.

Regarding claim 4, Bergner does not teach selecting a breakthrough test
procedure of the computer, via the computer interface, prior to entering the command to
activate the pump; and wherein coupling the patient line to the first shielded test vial is
instructed by the computer interface, after selecting the breakthrough test. However, as
explained for claim 3 above, Bergner in view of Gerhart teaches performing a

breakthrough test procedure prior to entering the command to activate the pump to
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ensure the safety level of the treatment. Furthermore, it would have been obvious to
one of ordinary skill in the art at the time of the invention to modify the device of Bergner
so that the controllers 60, 62 would notify the user to perform the step of coupling the
patient line to the shielded test vial for an automated reminder to the user to increase
the safety of the treatment. Hence, the modified method of Bergner in view of Gerhart
discloses selecting a breakthrough test procedure of the computer, via the computer
interface, prior to entering the command to activate the pump; and wherein coupling the
patient line to the first shielded test vial is instructed by the computer interface, after
selecting the breakthrough test.

Regarding claim 6, the modified method of Bergner further teaches selecting a
calibration procedure of the computer, via the computer interface, prior to entering the
command to activate the pump for the second time; and wherein coupling the first new
patient line to the second shielded test vial is instructed by the computer interface, after
selecting the calibration procedure, as set forth for claim 10 (col. 6, line 21 until col. 9,
line 48).

Regarding claims 5 and 7, Bergner further teaches repeating the steps of claim
1, wherein the pump is activated a second time and a second elution takes place, in
order to fill the second vial with a second sample of the eluate from the first new patient
line; measuring an activity of the second sample; and entering into the computer, via the
computer interface, the measured activity of the second sample and a time between
completion of the second elution and the measuring of the activity of the second

sample, so that the computer may calculate a calibration coefficient for the infusion
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system based on the measured activity of the second sample and an activity of the
eluate detected, during the second elution, by the activity detector of the system.
Bergner also teaches purging air from the second patient line; and repeating the steps
of claim 1, wherein the pump is activated a third time and a third elution takes place, in
order to inject a dose of the eluate to the patient from the second patient line (col. 6, line
21 until col. 9, line 48).

Regarding claim 8, Bergner further teaches receiving a report from the
computer, upon completion of the third elution, the report including a patient
identification number and at least one quantification of the dose of the eluate (col. 5,

lines 41-68 and col. 9, line 49 until col. 10, line 11).

6. Claim 12 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bergner
(US Pat. No. 4,585,941) in view of Mozley et al (US Pat. No. 3,714,429) further in view
of Graves et al (US Pat. No. 7,163,031 B2).

Regarding claim 12, Bergner teaches the use of displays but does not teach a
touch-activated display screen. However, it is noted that Graves et al teaches the use
of a touch screen electronic display screen for inputting and outputting into a computer
for a radiopharmaceutical delivery device (col. 4, line 53 until col. 5, line 2). Therefore, it
would have been obvious to one of ordinary skill in the art at the time of the invention to
modify the device of Bergner with using a system that has a touch-activated display
screen as disclosed by Graves et al to consolidate the number of components required

for inputting and outputting commands and notifications in an infusion device.
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7. Claim 17 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bergner
(US Pat. No. 4,585,941) in view of Mozley et al (US Pat. No. 3,714,429) further in view
of Agarwal et al (US Pat. No. 4,096,859).

Regarding claim 17, Bergner teaches the use of a waste bottle and tracking the
waste level to determine the trigger point (col. 10, lines 12-68) but does not explicitly
teach entering, into the computer, via the computer interface, a command to set a waste
bottle level indicator to zero, when the waste bottle is empty and prior to entering the
command to activate the pump; and receiving, from the computer, via the computer
interface, an indication that the waste bottle needs to be emptied, based upon the
computer tracking a volume of the eluate that is diverted, from the generator, through
the waste line of the infusion tubing circuit. However, Agarwal et al teaches a medical
delivery device with a waste container in which a controller tracks the waste level to
alert the user to empty the waste container (col. 5, line 38 until col. 6, line 36). It would
have been obvious to one of ordinary skill in the art at the time of the invention to modify
the method of Bergner with the steps of setting initial waste bottle level to zero when the
bottle is empty and tracking the waste bottle level so that an alert is given to the user
that the waste bottle is full and needs to be emptied as taught by Agarwal et al, to
prevent overflowing of waste from the waste bottle.

It is noted that the modified method of Bergner and Agarwal et al teaches
entering, into the computer, via the computer interface, a command to set a waste bottle

level indicator to zero, when the waste bottle is empty and prior to entering the
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command to activate the pump; and receiving, from the computer, via the computer
interface, an indication that the waste bottle needs to be emptied, based upon the
computer tracking a volume of the eluate that is diverted, from the generator, through

the waste line of the infusion tubing circuit

Response to Arguments
8. Applicant's arguments filed on April 20, 2012 and May 17, 2012 have been fully
considered but they are not persuasive.

In response to Applicant’'s argument that Bergner in view of Mozley et al does not
disclose a method including a display of time lapsed since an elution was completed, it
is noted that Bergner discloses the importance of tracking the time lapsed between
elutions because patients can only having a certain amount of radioactive substances
within their system for a given time period and quantizing of radioactivity of a liquid
stream (col. 1, lines 64-67; col. 3, line 55 until col. 4, line 65; and col. 5, lines 41-67).
Although Bergner shows a graph of radioactivity over time, Bergner does not explicitly
display of time lapse since elution. However, Mozley et al teaches displaying time lapse
of radioactive distribution. Therefore, it would have been obvious to one of ordinary skill
in the art that modification of Bergner in view of Mozley et al discloses the step of
receiving from the computer, via the computer interface, a display of time lapsed since

the elution was completed.
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Conclusion
9. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.

10.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JENNA ZHANG whose telephone number is (571)270-
5369. The examiner can normally be reached on Monday-Thursday 8AM - 5PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Nicholas Lucchesi can be reached on 571-272-4977. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

. Z./

Examiner, Art Unit 3763
04/23/2013

/Nicholas D Lucchesi/

Supervisory Patent Examiner, Art Unit 3763
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Description
CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Pro-
visional Patent Application Serial Number 60/758,419,
filed January 12, 20086, and from U.S. Patent Application
Serial No. 11/610,574, filed December 14,2006, the re-
spective contents of which are incorporated herein by
reference.

FIELD OF THE INVENTION

[0002] Thisinvention relates generally to systems and
methods for radicisotope generation. in one aspect, this
invention relates to systems and methods for producing
customized, predictable and reproducible supplies of ra-
dioisotopes for use in nuclear medicine.

BACKGROUND OF THE INVENTION

[0003] Nuclear medicine is a branch of medicine deal-
ingwiththe use of radioisotopes as radiopharmaceuticals
or radioactive tracers in the diagnosis and treatment of
disease. Radioisotopes are natural or artificially created
isotopes (isoctopesbeing one of two or more atoms having
the same atomic number but different mass numbers) of
a chemical element that have an unstable nucleus that
decays, emitting aipha, beta, or gamma rays until stability
is reached.

[0004] Radioisotopes, such as the meta stable Tech-
netium-99m (Tc-99m), are used in medical tests as ra-
dioactive tracers that medical equipment can detect in
the bedy. Other generator-derived radioisotopes that are
used astracersinclude yttrium-90, rhenium-188, and gal-
lium-68. Tc-99m, in particular, emits readily detectable
gamma rays, and it has a half-life of 6 hours. A variety
of different radiopharmaceuticals based on Tc-99m are
used for imaging and functional studies of the brain, my-
ocardium, thyroid, lungs, liver, gallbladder, kidneys, skel-
eton, blood and tumors. Schwochau, Klaus. Technetium,
Wiley-VCH (2000) (ISBN 3-527-29496-1). Scientists
continue to find new uses for radioisotopes, such as Tc-
99m. For example, doctors recently used Tc-99m to di-
agnose precisely the infected lymph nodes in breastcan-
cer patients by injecting Tc-39m into the breast around
the tumor to allow them to locate the node quickly and
precisely before ever making an incision. Brookhaven
National Laboratory site on the history of the technetium
cow. (http://www.bnl.gov/bndweb/history/Tc-99m.asp).
[0005] A Tc-99m generator, often called a technetium
cow, is a device used to extract Tc-99m from decaying
molybdenum-99 ("Mo-389"). Mc-99 has a half-life of 66
hours and can be transported over long distances to ra-
diopharmacies and hospitals where its decay product Te-
99m is used for nuclear medicine diagnostic procedures.
Removing the Te-99m from the generator (*milking" the
generator) is typically done every 6 hours or, at most,
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twice daily. Most commercial generators use column
chromatography, in which Mo-99 is adsorbed onto alu-
mina. Normal saline solution can be run through acolumn
of immobilized Mo-99 to elute soluble Tc-99m, resulting
in a saline solution containing the Tc-99m.

[0006] Today, commercial radiopharmacies typically
replace their generators on a biweekly basis, since the
useful life of a Tc-99m generator is about 6 half lifes or
approximately two weeks. Hence, typical clinical nuclear
medicine units purchase atleast one such generatcreve-
ry two weeks or order several in a staggered fashion.
The lead-lined generators are heavy and bulky and rep-
resent significant manipulation and toil for personnel to
replace and to dispose of spent generators. Large guan-
tities of lead, molded plastic containers, and packing ma-
terials are used only once and discarded aftertwo weeks.
Shipping costs andwaste are realconsiderations forend-
users. Further, conventional generator systems lack flex-
ibility as they are limited to fixed activity denominations
per unit sold, resulting in limited predictability and repro-
ducibility. Typical generators also do not provide activity
above 19 Ci.

[0007] It would be desirable therefore to provide sys-
tems and methods for producing customized, predictable
and reproducible supplies of radioisotopes, including
high activity levels, that do not require weekly replace-
ment, handling and transport of heavy shieldingmaterials
associated with conventicnal generators.

SUMMARY OF THE INVENTION

[0008] In one aspect, the present invention provides
systems comprising a reactor housing that is fabricated
from a radioactive shielding material and has both an
internal velume and a surface that comprises an entry
port and an exit port; a chromatographic column that is
positioned within said internal velume such that a first
end of said column is in fluid communication with said
entry port and a second end of said column is in fluid
communication with said exit port; and a filter module
that is disposed external to said reactor housing and in
fluid communication with said exit port.

[0009] In another aspect, the present invention pro-
vides kits comprising a column, a delivery housing, and
a shielded filter module.

[0010] The present invention also provides methods
comprising the steps of providing a system that compris-
es: a reactor housing that is fabricated from a radioactive
shielding material and has both an internal volume and
a surface that comprises an entry port and an exit port;
a first chromatographic column that is positioned within
said internal volume such that a first end of said column
is in fluid communication with said entry port and a sec-
ond end of said column is in fluid communication with
said exit port; and a first filter module that is disposed
external to said reactor housing and in fluid communica-
tion with said exit port; and positioning a first delivery
vessel comprising a solution of at least one radioisotope
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external to said reactor housing and in fluid communica-
tion with said entry port for a time and under conditions
effective to elute said chromatographic column with at
least a portion of said solution.

[0011] Inyetanotheraspect, the presentinvention pro-
vides methods comprising the steps of providing a sys-
tem that comprises: a reactor housing that is fabricated
from a radioactive shielding material and has both an
internal volume and a surface that comprises an entry
port and an exit port; afirst chromatographic cclumn that
comprises at least one radioisotope and is positioned
within said internal volume such that a first end of said
column is in fluid communication with said entry port and
a second end of said column is in fluid communication
with said exit port; and a filter module that is disposed
external to said reactor housing and in fluid communica-
tion with said exit port; and removing said first chroma-
tographic column from said reactor housing.

[0012] Instill yetanother aspect, the present invention
provides methods comprising the steps of providing a
system that comprises: a reactor housing that is fabricat-
ed from a radioactive shielding material and has both an
internal volume and a surface that comprises an entry
port and an exit port; afirst chromatographic column that
is positioned within said internal volume such that a first
end of said column is in fluid communication with said
entry port and a second end of said column is in fluid
communication with said exit port; and a first filter module
that is disposed external to said reactor housing and in
fluid communication with said exit port; and removing
said first filter module.

[0013] The present invention also provides methods
comprising the steps of: providing a system that compris-
es: areactor housing that is fabricated from a radioactive
shielding material and has both an internal volume and
a surface that comprises an entry port and an exit port;
said internal volume being substantially defined by a first
end, a second end, and a wall extending between said
first end and said second end; a first chromatographic
columnthatis positioned within said internal volume such
that a first end of said column is in fluid communication
with said entry port and a second end of said column is
in fluid communication with said exit port; and afilter mod-
ule that is disposed external to said reactor housing and
in fluid communication with said exit port; positioning a
collection vessel external to said reactor housing and in
fluid communication with said exit port via said filter mod-
ule.

[0014] Inyetanctheraspect,the presentinvention pro-
vides methods comprising the steps of: receiving cus-
tomer information including a target output of a radioiso-
tope; and adding a solution of a parent radioisotope to a
delivery vessel in an amount sufficient to produce said
target output upon decay of said parent radioisotope.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1isacutaway side view depicting onegen-
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erator system according to the invention.
[0016] FIG. 2 is a cutaway side view depicting one
shielded filter module according to the invention.

[0017] FIG.3isanisometricview of one cartaccording
to the invention.
[0018] FIG. 4 is a cutaway side view of one generator

system according to the invention.

[0019] FIG. 5isaperspective view of a column assem-
bly being inserted into an internal volume of a reactor
housing accerding to the invention.

[0020] FIG. 6 is a perspective view of a radioactive
shielding plug being inserted into an opening in a reactor
housing accoerding to the invention.

[0021] FIG. 7 is a perspective view of an adapter disk
disposed on the surface of a reactor housing according
to the invention.

Further aspects of the invention are set out below in the
following numbered paragraphs:-

1. A system comprising:

a reactor housing that is fabricated from a radi-
oactive shielding material and has both an inter-
nal volume and a surface that comprises an en-
try port and an exit port;

a chromatographic column that is positioned
within said internal volume such that a first end
of said column is in fluid communication with
said entry port and a second end of said column
is in fluid communication with said exit port; and
a filter module that is disposed external to said
reactor housing and in fluid communication with
said exit port.

2. The system of paragraph 1 wherein said radiocac-
tive shielding material is lead, tungsten or depleted
uranium.

3. The system of paragraph 1 wherein said reactor
housing is substantially rectilinear.

4. The system of paragraph 1 wherein said reactor
housing is substantially cylindrical.

5. The system of paragraph 1 wherein said reactor
housing includes a first end, a second end, and a
wall extending between said first end and said sec-
ond end.

6. The system of paragraph 5 wherein said entry port
and said exit port are positioned at said first end.

7. The system of paragraph 6 further comprising a
ridge of radioactive shielding material extending
around said entry port at said first end.

8. The system of paragraph 6 further comprising a
ridge of radioactive shielding material extending
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around said exit port at said first end.

9. The system of paragraph 1 wherein said column
comprises aluminum oxide particles from about 50
to about 200 pm in size.

10. The system of paragraph 1 wherein said column
comprises silica gel particles from about 20 to about
100 pm in size.

11. The system of paragraph 1 wherein said column
comprises one or more layers or polypropylene filter
membranes, deactivated fused silica wool, one or
more glass filter membranes from about 0.2 to about
10 pminsize and made of polyether sulfone, orstain-
less steel tubing with needle and filter adaptors.

12. The system of paragraph 11 further comprising
two acetal plastic plugs with funnel drains.

13. The system of paragraph 1 wherein said filter
medule comprises a sterile 13 to 25 mm filter mem-
brane from about 0.1 to about 0.22 um size.

14. The system of paragraph 1 wherein said filter
module is attached to said reactor vessel by a tread

type adaptor.

15. The system of paragraph 14 wherein a needle
is attached to said filter module.

16. The system of paragraph 1 wherein a collection
housingis connected to said reactor housing via said
filter module.

17. The system of paragraph 1 wherein said column
comprises at least one radioisotope.

18. The system of paragraph 17 wherein said atleast
one radioisotope is Molybdate Mo- 99.

19. The system of paragraph 17 wherein said atleast
one radicisotope is Pertechnetate Tc99m.

20. The system of paragraph 1 further comprising a
delivery vessel that is disposed external to said re-
actor housing and in fluid communication with said
entry port.

21. The system of paragraph 20 wherein said deliv-
ery vessel is contained within a delivery housing that
is fabricated from radioactive shielding material,
such as lead, tungsten or depleted uranium.

22. The system of paragraph 21 wherein said deliv-
ery housing has a first end that includes a first cou-
pling, & second end that includes a second coupling,
and a wal] extending between said first end and said
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second end.

23. The system of paragraph 22 wherein said first
coupling is threaded.

24. The system of paragraph 22 further comprising
a transfer tool that comprises a pick-up and release
rod having a handle at a first end thereof and a cou-
pling at & second end thereof that is compatible with
said first coupling.

25. The system of paragraph 24 wherein said trans-
fer tool is a T-bar handle.

26. The system of paragraph 20 wherein said deliv-
ery vessel comprises a solution of at least one radi-
oisotope.

27. The system of paragraph 26 wherein said at least
one radioisotope is Molybdate Mo- 99.

28. The system of paragraph 26 wherein said solu-
tion is Sodium Molybdate Mo-99.

29. The system of paragraph 26 wherein said deliv-
ery vessel comprises about 1 to about 50 Ci.

30. The system of paragraph 20 wherein said deliv-
ery vessel comprises Normal Saline [0.9%)] solution.

31. The system of paragraph 21 wherein said deliv-
ery housing abuts a ridge of material that is external
to said reactor housing and extends around said en-

try port.

32. The system of paragraph 21 wherein said deliv-
ery housing is at least partially contained within a
ridge of material that is external to said reactorhous-
ing and extends around said entry port.

33. The system of paragraph 20 wherein said deliv-
ery vessel is at least partially contained within a ridge
of material that is external to said reactor housing
and extends around said entry port.

34. The system of paragraph 1 further comprising a
collection vessel that is disposed external to said re-
actor housing and in fluid communication with said
exit port via said filter module.

35. The system of paragraph 34 wherein said col-
lection vessel is evacuated.

36. The system of paragraph 34 wherein said col-
lection vessel comprises a solution of at least one

radioisotope.

37. The system of paragraph ‘36 wherein said at least
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one radioisotope is Technetium Tc99m.

38. The system of paragraph 36 wherein said solu-
tion is Sodium Pertechnetate Tc-99m.

39. The system of paragraph 1 further comprising
an adapter disk disposed on said reactor housing,
comprising a ridge of material that extends around
said entry port and a ridge of material that extends
around said exit port.

40. The system of paragraph 39 further comprising
an adapter ridge disposed circumferentially internal
to said ridge of material that extends around said
entry port.

41. The system of paragraph 40 further comprising
a saline vessel that is disposed external to said re-
actor housing and in fluid communication with said
entry port.

42. The system of paragraph 41 wherein said saline
vessel comprises Normal Saline
[0.9%] solution.

43. The system of paragraph 34 wherein said filter
module abuts a ridge of radioactive shielding mate-
rial that is external to said reactor housing and ex-
tends around said exit port.

44. The system of paragraph 34 wherein said filter
module is at least partially contained within a ridge
of radioactive shielding material that is external to
said reactor housing and extends around said exit
port.

45. The system of paragraph 34 wherein said col-
lection vesselis contained within a cellection housing
that is fabricated from radioactive shielding material.

46. The system of paragraph 45 wherein said col-
lection housing abuts a ridge of material that is ex-
ternal to said reactor housing and extends around
said exit port.

47. The system of paragraph 45 wherein said col-
lection housing is at least partially contained within
a ridge of material that is external to said reactor
housing and extends around said exit port.

48. The system of paragraph 1 further comprising a
cart that includes a plurality of delivery vessels that
each independently comprises a reactor vessel.

49. The system of paragraph 1 further comprising a
cart that includes a plurality of delivery vessels that
each independently comprise a solution of at least
one radioisotope and are contained within a delivery
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housing that is fabricated from radioactive shielding
material.

50. The system of paragraph 49 further comprising
a conveyor belt for moving said delivery housing.

51. The system of paragraph 49 further comprising
a transfer tool for moving said delivery housing.

52. The system of paragraph 49 wherein said at least
one radioisotope is Molybdenum-99.

53. The system of paragraph 49 wherein said solu-
tion is Sodium Molybdate Mo-99.

54. The system of paragraph 49 wherein said deliv-
ery vessels each independently comprise about 1 to
about 50 Ci.

55. The system of paragraph 1 further comprising a
cart that includes a plurality of evacuated collection
vessels.

56. The system of paragraph 1 further comprising a
cart that includes a plurality of saline vessels.

57. A kit comprising a column, delivery housing, and
a filter module comprising.a radioactive shielding
material insert.

58. The kit of paragraph 57 further comprising a
transfer tool.

59. The kit of paragraph 57 further comprising a plu-
rality of evacuated collection vessels.

60. The kit of paragraph 57 further comprising a plu-
rality of saline vessels.

61. A method comprising the steps of: providing a
system that comprises:

a reactor housing that is fabricated from a radi-
oactive shielding material and has both an inter-
nal volume and a surface that comprises an en-
try port and an exit port;
afirstchromatographic column that is positioned
within said internal volume such that a first end
of said column is in fluid communication with
said entry port and a second end of said column
is in fluid communication with said exit port; and
a first filter module that is disposed external to
said reactor housing and in fluid communication
with said exit port; and either:

positioning afirst delivery vesselcomprising
a solution of at least one radioisotope ex-
ternal to said reactor housing and in fluid
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communication with said entry port for a
time and under conditions effective to elute
said chromatographic column with at least
a portion of said solution; or

positioning a collection vessel external to
said reactor housing and in fluid
communication with said exit port via said
filter module; or removing said first chroma-
tographic column from said reactor housing;
or removing said first filter module.

62. The method of paragraph 61 wherein said first
delivery vesselis contained within a delivery housing
that is fabricated from radioactive shielding material
and has afirst end thatincludes a coupling, a second
end that includes a coupling, and a wall extending
between said first end and said second end.

63. The method of paragraph 62 wherein positioning
saidfirst delivery vessel comprises: mating said cou-
pling at said first end of said delivery housing with a
transfer tool comprising a rod having a handle at a
first end thereof and a coupling at a second end
thereof that is compatible with said coupling at said
first end of said delivery housing; and

lifting said delivery housing.

64. The method of paragraph 63 further comprising
mating said coupling at said second end of said first
delivery housing with a coupling on said reactor
housing that is compatible with said coupling at said
second end of said first delivery housing.

65. The method of paragraph 61 further comprising
removing said first delivery vessel from said position
relative to said reactor housing.

66. The method of paragraph 62 wherein said first
delivery vesselis contained within a delivery housing
that is fabricated from radioactive shielding material
and has afirst end that includes a coupling, a second
end that includes a coupling, and a wall extending
between said first end and said second end.

67. The method of paragraph 66 wherein removing
said first delivery vessel comprises:

mating said coupling at said first end of said first
delivery housing with a transfer tool comprising
a rod having a handle at & first end thereof and
a coupling at a second end thereof that is com-
patible with said coupling at said first end of said
first delivery housing; and

lifting said delivery housing.

68. The method of paragraph 66 further comprising
positioning a second delivery vessel comprising sa-
line externalto said reactor housing and in fluid com-
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munication with said entry port for a time and under
conditions effective tc elute said chromatographic
column with at least a portion of said saline solution.

69. The method of paragraph 68 further comprising
removing said second delivery vessel from said po-
sition relative to said reactor housing.

70. The methed of paragraph 69 further comprising
positioning a subsequent delivery vessel comprising
saline external to said reactor housing and in fluid
communication with said entry port for a time and
under conditions effective to elute said chromato-
graphic column with at least a portion of said saline
solution.

71. The method of paragraph 69 further comprising
positioning a subsequent delivery vessel comprising
a solution of at least one radioisctope external to
said reactor housing and in fluid communication with
said entry port for a time and under conditions effec-
tive to elute said chromatographic column with at
least a portion of said solution.

72. The method of paragraph 69 further comprising
removing said first chromatographic column from
said reactor housing.

73. The method of paragraph 72 further comprising
positioning a subsequent chromatographic column
in said reactor housing such that a first end of said
column is in fluid communication with said entry port
and a second end of said column is in fluid commu-
nication with said exit port.

74. The method of paragraph 69 further comprising
positioning a first collection vessel external to said
reactor housing and in fluid communication with said
exit port via said filter module.

75. The method of paragraph 74 wherein said col-
lection vesselis contained within acollection housing
that is fabricated from radioactive shielding material.

76. The method of paragraph 74 further comprising
removing said first collection vessel from said posi-
tion relative to said reactor housing.

77. The method of paragraph 69 further comprising
positioning a subsequent collection vessel external
to said reactor housing and in fluid communication
with said exit port via said filter module.

78. The method of paragraph 61 further comprising
removing said first filter module.

79. The method of paragraph 78 further comprising
positioning a subsequent filter module external to
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said reactor housing and in fluid communication with
said exit port.

80. The method of paragraph 61 comprising the
steps of:

providing said system; and

positioning a first delivery vessel comprising a
solution of at least one radioisotope external to
said reactor housing and in fluid communication
with said entry port for a time and under condi-
tions effective to elute said chromatographic col-
umn with at least a portion of said solution

81. The method of paragraph 61 comprising the
steps of:

providing said system; and removing said first
chromatographic column from said reactor
housing.

82. The method of paragraph 61 further comprising
positioning a subsequent chromatographic column
in said reactor housing such that a first end of said
columnis in fluid communication with said entry port
and a second end of said column is in fluid commu-
nication with said exit port.

83. The method of paragraph 61 comprising the
steps of:

providing said system; and
removing said first filter module.

84. The method of paragraph 61 further comprising
positioning a subsequent filter module external to
said reactor housing and in fluid communication with
said exit port.

85. The method of paragraph 61 comprising the
steps of:

providing said system; and

positioning a collection vessel external to said
reactor housing and in fluid communication with
said exit port via said filter module.

86. A method comprising the steps of;

receiving customer information including a target
output of a radioisotope; and adding a solution of a
parentradioisotope to a delivery vessel in an amount
sufficient to produce said target output upon decay
of said parent radioisctope.

87. The method of paragraph 86 wherein said radi-
oisotope is Technetium-99m.

88. The method of paragraph 86 wherein said parent
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radioisotope is Molybdenum-98.

89. The method of paragraph 86 further comprising
shipping said delivery vessel to said customer.

DETAILED DESCRIPTION OF ILLUSTRATIVE EM-
BODIMENTS

[0022] With reference to the drawings, FIG. 1 shows
one type of generator system 2 according tc the inven-
tion. The generator system may include a reactor housing
4 fabricated from a radioactive shielding material such
as lead, tungsten, or depleted uranium. The reactor hous-
ing 4 maybe substantially cylindrical, as shown in FIG.
1. In another embodiment, the reactor housing may be
substantially rectilinear. The reactor housing 4 may in-
clude afirstend 6, a secondend 8, and awall 10 extend-
ing between said first end 6 and said second end 8. The
reactor housing 4 may have both an internal volume 12
and a surface 14 that comprises an opening 16 for in-
serting a column 18 (said column may be included in a
column assembly 20, shown in more detail in FIG. 5), an
entry port 22, and an exit port 24. The opening 16, entry
port 22 and exit port 24 may be positioned at said first
end 6 of said housing 4. A radioactive shielding plug 26
may be disposed in said opening 16 in said surface 14
above said column 18. The radioactive shielding plug 26
may be fabricated from a radioactive shield material such
aslead, tungsten, or depleted uranium. The reactor hous-
ing 4 may have an adapter disk 28 disposed on the sur-
face 14 of said reactor housing 4 that comprises a ridge
of guide material 30 that may extend around said entry
port 22 and a ridge of guide material 32 that may extend
around said exit port 24. Preferably, the adapter disk 28
and ridges of guide material 30 and 32 are plastic. A ridge
of radioactive shielding material 34 may extend around
said exit port 24.

[0023] A chromatographic column 18 may be posi-
tioned within said internal volume 12 such that afirst end
36 of said column 18 is in fluid communication with said
entry port 22 and a second end 38 of said column 18 is
in fluid communication with said exit port 24. In one em-
bodiment, the column 18 may be included in a column
assembly 20. The column assembly 20, inturn, may com-
prise a column adaptor plate 40 having a-radioactive
shielding plug opening 42, an adaptor plate entry port 44
and an adaptor plate exit port 46 corresponding to said
entry port 22 and said exit port 24 of said reactor housing,
respectively, an adaptor plate vent port 48 (which may
include a vent filter}, and a column housing 50, preferably
fabricated from radioactive shielding material such as
lead, tungsten, or depleted uranium. The column assem-
bly 20 may comprise an entry needle 52 and a vent nee-
die 54 disposed in said adaptor plate entry port 44, and
an exit connection 56, adapted for fluid communication
with a changeable sterile needle 58 of a filter module 60.
An entry pipe 62 may extend from said entry needle 52
to said first end 36 of said column 18. A vent pipe 64 may
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extend from said vent needle 54 to a safety valve 55 (said
safety valve 55 protecting said vent filter by preventing
back pressure from being released onto said vent filter)
and said safety valve 55 may extend to said vent port 48.
An exit pipe 66 may extend from said second end 38 of
said column 18 to said exit connection 50. The column
18 may be inserted into said internal volume 12 of said
reactor housing 4 through said opening 16 in said surface
1.4 of said reactor housing 4. Alternatively, said column
assembly 20 maybe positioned such that said column 18
is disposed in said internal volume 12 of said reactor
housing 4. The column 18 may comprise at least one
radioisotope, including but not limited to Mo-99, Tc-99m,
Y-90, Re-188, or Ga-68. In preferred embodiments, the
column 18 is fabricated from glass. The column 18 may
contain alumina in the form of aluminum oxide, Al,O4
{mp of about 2,000°C and specific gravity of about 4.0).
Preferably, the column 18 is a glass column that contains
aluminum oxide. The aluminum oxide powder preferably
has a particle size of from about 20 to about 200 um. In
addition to the aluminum oxide powder, the column 18
may also include silica gel having a particle size of from
about 20 to about 100 um, The column 18 may also com-
prise one or more layers or polypropylene filter mem-
branes, deactivated fused silica wool, and/or one or more
glass filter membranes, The filter membranes preferably
measure from about 0.2 to about 10 pm and may com-
prise polyether sulfone, Acetal plastic plugs with funnel
drains, or stainless steel tubing with needle and filter
adaptors. Particularly preferred filter membranes are
those fabricated from polyether sulfone at a size of 0.2
wm.

[0024] A delivery vessel 68 may be disposed external
to said reactor housing 4 and in fluid communication with
said entry port 22. The delivery vessel 68 may be a 3 to
20 ml (preferably 10 ml) borosilicate glass vessel. The
delivery vessel 68 may be contained within a delivery
housing 70 that is fabricated from radioactive shielding
material such as lead, tungsten, or depleted uranium.
The delivery housing 70 preferably is fabricated from ra-
dioactive shielding material and has a first end 72 that
includesa first coupling 74, a second end 76 thatincludes
a second coupling 78, and a wall 80 extending between
said first end 72 and said second end 76. The first cou-
pling 74 and second coupling 78 may be threaded or may
form a lure lock. In certain embodiments, delivery vessel
68 comprises a solution of at least one radioisotope, in-
cluding but not limited Mo-99 or Tc-99m in the form of
sodium molybdate Mo-99 or sodium pertechnetate Te-
99m, respectively. In such embodiments, delivery vessel
68 preferably comprises from about 1 to about 50 Ci (1
curie (Ci) is 37 gigabecquerels (GBq) exactly and 1 Bg
=2.7027 <1011 Ci). In other embodiments, delivery ves-
sel 68 comprises Normal Saline [0.9%] solution. The de-
livery housing 70 may abut a ridge of guide material 30
that may be external to said reactor housing 4 and may
extend around said entry port 22. The delivery housing
70 may be at least partially contained within a ridge of
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guide material 30 that may be external to said reactor
housing and may extend arcund said entry port 22. In
certain embodiments, an adapter guide ridge 81 may be
disposed on said adapter disk 28 circumferentially inter-
nal to said ridge of guide material 30. A saline vessel 82
may be disposed external to said reactor housing 4, and
in fluid communication with said entry port 22 and may
abut said adapter guide ridge 81 (FIG. 4) that extends
around said entry port 22. The saline vesse! 82 may com-
prise Normal Saline [0.9%] solution.

[0025] The generator system 2 may comprise a col-
lection vessel 84 that is disposed external to said reactor
housing 4 and in fluid communication with said exit port
24 via afilter module 60, discussed below with reference
to FIG. 2. The collection vessel 84 may be evacuated,
and ultimately is used to collect a solution of at least one
radioisotope. The collection vessel 84 may be a 1010 30
ml borosilicate glass vessel. Preferably, the collection
vessel 84 is a 20 to 30 ml sterile, evacuated, borosilicate
glass vessel. As shown in FIG. 1, collection vessel 84 is
contained within a ccllection housing 86 that is fabricated
from radioactive shielding material.

[0026] As shown in FIG. 2, a filter module 60 may be
disposed external to the reactor housing 4 and may be
in fluid communication with said exit port 24. The filter
module 60 may include a radicactive shielding material
insert88that is positioned between said collection vessel
84 and said reactor housing 4. The filter module 60 pref-
erably holds a sterile 13 to 25 mm filter membrane 90 of
0.1to 0.22 pm size, preferably of 0.2 pm size. The filter
module 60 may be attached via a tread type adaptor to
join the reactor to a sterile evacuated collection vessel
84. A changeable sterile needle 58 may be attached to
the sterile filter 90 for daily sterile eluting procedures. The
filter module 60 may abut a ridge of radioactive shielding
material 34 and/or may abut a ridge of guide material 32
that is external to said reactor housing 4 and extends
around said exit port 24. The filter module 60 may be at
least partially contained within said ridge of radioactive
shielding material 34 and/or said ridge of guide material
32. The radioactive shielding material may be lead, tung-
sten, or depleted uranium.

[0027] The generator system may include a cart 92,
as shown in FIG. 3. The cart 92 preferably is fabricated
from steel and lead. The frame is preferably fabricated
from steel. The walls of cart 92 are preferably lead plates
or lead brick. The cart 92 may hold a plurality of reactor
housings 94, 96, 98, 100, 102, 104, and 106 that may
be fabricated from radicactive shielding material The cart
92 may alsc comprise a plurality of delivery vessels 68
and/or a plurality of evacuated collection vessels 84
and/or a plurality of saline vessels 82. The cart 92 may
include a transfer tool 108 that comprises a pick-up and
release rod 110 having a handle 112 at a first end 114
thereof and a coupling 116 at a second end 118 thereof
thatis compatible with the first coupling 74 of said delivery
housing 70. The transfer tool 108 preferably is a universal
T-bar handle. The cart 92 may also include a conveyor
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belt 120, or other motion enhancing device, to assist a
user with moving a delivery housing 70 proximate to a
reactor housing (e.g., 94,96, 98, 100, 102, 104 and 106).
[0028] Methods of radioisotope generation according
to the invention may be described with reference to FIGS.
1 and 2. In certain embodiments, such methods involve
positioning a first delivery vessel 68 comprising a solution
of at least one radioisotope external to said reactor hous-
ing 4 and in fluid communication with said entry port 22
for a time and under conditions effective to elute said
chromatographic column 18 with at least a portion of said
solution. The first delivery vessel 68 maybe positioned
by mating said first coupling 74 at said first end 72 of said
delivery housing 70 with transfer tool 108 and lifting the
delivery housing 70. The coupling 78 at said second end
76 of said first delivery housing 70 may be mated with a
coupling on said reactor housing 4 that is compatible with
said coupling 78 at said second end 76 of said first de-
livery housing 70. The delivery vessel 68 may be re-
moved from said position relative to said reactor housing
4 by lifting said delivery housing 70. Subsequent delivery
vessels comprising saline solution or a solution of at least
one radioisotope may be used to elute said column 18
with atleasta portion of said solutions. Acollectionvessel
84 may be positioned external to said reactor housing 4
and in fluid communication with said exit port 22 via said
filter module 60. The column 18, column assembly 20,
filter module 60, filter membrane 90, sterile needle 58,
delivery vessel 68, collection vessel 84 and/or saline ves-
sel 82 may be removed from said reactor housing 10 and
may be replaced by subsequent columns, column as-
semblies, filter modules, filter membranes, sterile nee-
dles, delivery vessels, collection vessels and/or saline
vessels, respectively, as appropriate.

[0029] In certain embodiments, methods of radioiso-
tope generation according to the invention involve the
receipt of customer information inclugding a target output
of a radioisotope, the addition of a solution of a parent
radioisotope to a delivery vessel in an amount sufficient
to produce said target output upon decay of said parent
radioisotope, and the shipment of said delivery vessel to
said customer. The customer’s generator system, inturn,
may be loaded and re-loaded with varying volumes of
said parent radioisotope effective to collect specific target
concentrations of the desired radioisotope. The genera-
tor systems may be re-loaded more than 2 times, more
preferably more than 4 times, and most preferably more
than 6 times. Preferably, the customer information re-
ceived includes a target output of Te-99m from 1 to 50
Ci, and the solution added to the delivery vessel includes
Mo-99 in an amount sufficient to produce said target out-
put upon decay of said Mo-99.

[0030] A kit for radioisotope generation according to
the invention is also contemplated and may be described
with reference to FiGs. 1-3. The kit may include a column
18 or a column assembly 20, a delivery housing 70 con-
taining a delivery vessel 68 comprising at least one ra-
dioisotope, a filter module 60 comprising a radioactive
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shielding materialinsert 88, a transfertool 108, a plurality
of evacuated collection vessels 84 and a plurality of saline
vessels 82. The kit can be used to replenish existing re-
actor housings 4 and thereby avoids shipment and dis-
posal thereof.

In addition, exemplary steps for radioisotope generation
according to the invention may be described with refer-
ence to FIGs. 1-7. As shown in FIG. 5, a column assem-
bly 20 may be inserted into an internal velume 12 of a
reactor housing 4 (said reactor housing having an entry
port 22 and an exit port 24), through an opening 16 in
the surface 14 of the reactor, housing 4. Then, as shown
in FIG. 6, the opening 16 above the column 18 may be
plugged with a radioactive shielding plug 26. Then, as
shown in FIG. 7, an adapter disk 28, comprising a ridge
of guide material 30 extending around the entry port 22
and a ridge of guide material 32 extending around the
exit port 24, may be disposed on the surface 14 of the
reactor housing 4. A filter module 60 may then be dis-
posed external to the reactor housing 4 in fluid commu-
nication with the exit port 24. A delivery vessel 68 con-
taining a radioisotope, contained in a delivery housing
70, may then be disposed external to the reactor housing
4 and in fluid communication with the entry port 22. An
evacuated collection vessel 84, contained with a collec-
tion housing 86, may then be disposed external to the
reactor housing 4 in fluid communication with the exit
port 24 via the filter module 60. After waiting a suitable
amount of time (e.g., more than about three minutes),
the collection vessel 84 and then the delivery vessel 68
may be removed. An adapter guide ridge 81 may then
be disposed on the surface of the adapter disk 28 such
that it extends around the entry port 22. A saline vessel
82 may then be disposed externalto the reactor housing
4 and in fluid communication with the entry port 22. An
evacuated collection vessel 84, contained within a col-
lection housing 86, may then be disposed external to the
reactor housing 4 and in fluid communication with the
exit port 24 via the filter module 60. After again waiting
a suitable amount of time, said collection housing 86 may
be removed. An evacuated collection vessel 84, con-
tained within a collection housing 86, may then’be dis-
posed external to the reactor housing 4 and in fluid com-
munication with the exit port 24 via the filter module 60.
The aforementioned exemplary steps may be repeated
with subsequent delivery vessels, columns, filter mod-
ules and collection vessels as may be appropriate.
[0031] Thus, there have been described systems and
methods for preducing customized, predictable and re-
producible supplies of radioisotopes that do not require
weekly replacement, handling and transport of heavy
shielding materials associated with conventional gener-
ators. It will be appreciated that numerous modifications
may be made to the example embodiments described
herein, and that such modifications do not depart from
the scope of the invention as defined by the following
claims.
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Claims

1.

A system comprising:

a reactor housing that is fabricated from a radi-
oactive shielding material and has both an inter-
nal volume and a surface that comprises an en-
try port and an exit port;

a chromatographic column that bears at least
one radioisotope and is positioned within said
internal volume;

a filter module that is disposed external to said
reactor housing and in fluid communication with
said column;

an adapter disk disposed on said reactor hous-
ing, comprising a ridge of material that extended
arcund said entry port and a ridge of material
that extends around said exit port, and,

an adapter ridge disposed circumferentially in-
ternal to said ridge of material that extends
around said entry port.

A system according to claim 1, wherein said reactor
house includes a first end, a second end and a wall
extending between said first end and said second
end.

A system according to claim 1, wherein said column
comprises aluminum oxide particles from about 50
to 200 pm in size.

A system according to claim 1, wherein said column
comprises silica gel particles from about 20 to 100
pmiin size.

A system according fo claim 1, wherein a collection
housing is connected to said reactor housing via said
filter module.

A system according to claim 1, including a delivery
vessel that is disposed external to said reactor hous-
ing in fluid communication with said column.

A system according to claim 8, wherein said delivery
vessel comprises a solution of about 1 to 50 Ci of at
least one radioisotope.

A system according to claim 1, including a collection
vessel that is disposed external to said reactor hous-
ing and in fluid communication with said column via
said filter module.

A system according to claim 1, wherein said filter
module abuts a ridge of radioactive shielding mate-
rial that is external to said reactor housing and ex-
tends around said exit port.

10. A system according to claim 1, wherein said filter
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11.

12.

13.

14,

15.

16.

18

moedule is at least partially contained within a ridge
of radicactive shielding material that is external to
said reactor housing and extends around said exit
port.

A system according to claim 1, wherein said collec-
tion vessel is contained within a collection housing
that is fabricated from radioactive shielding material.

A system according to claim 1, including a cart that
includes a plurality of delivery vesseis that each in-
dependently comprises a reactor vessel.

A system according to claim 1, including a cart that
includes a plurality of delivery vessels that each in-
dependently comprise a solution of at least one ra-
dioisotope and are contained within a delivery hous-
ing that is fabricated from radioactive shielding ma-
terial.

A system according to claim 13, wherein said deliv-
ery vessels each independently comprise about 1 to
about 50 Ci.

A system according to claim 1, wherein said column
is configures to be reloaded with radioisctope solu-
tion at least one.

A system according to claim 1, including a column
assembly comprising a further chromatographic col-
umn forreplacing said chromatographic column after
said at least some of said radioisotope has been elut-
ed therefrom.
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Description
FIELD OF THE INVENTION

[0001] Thisinvention relates generally to systems and
methods for radioisotope generation. In one aspect, this
invention relates to systems and methods for producing
customized, predictable and reproducible supplies of ra-
dioisotopes for use in nuclear medicine.

BACKGROUND OF THE INVENTION

[0002] Nuclear medicine is a branch of medicine deal-
ingwith the use of radicisotopes as radiopharmaceuticals
or radioactive tracers in the diagnosis and treatment of
disease. Radioisotopes are natural or artificially created
isotopes (isctopes being one of two or more atoms having
the same atomic number but different mass numbers) of
a chemical element that have an unstable nucleus that
decays, emitting alpha, beta, or gamma rays until stability
is reached.

[0003] Radioisotopes, such as the meta stable Tech-
netium-99m (Tc-99m), are used in medical tests as ra-
dioactive tracers that medical equipment can detect in
the body. Other generator-derived radioisotopes that are
used as tracers include yttrium-90, rhenium-188, and gal-
lium-68 . Tc-99m, in particular, emits readily detectable
gamma rays, and it has a half-life of 6 hours. A variety
of different radiopharmaceuticals based on Tc-99m are
used for imaging and functional studies of the brain, my-
ocardium, thyroid, lungs, liver, gallbladder, kidneys, skel-
eton, blood and tumors. Schwochau, Klaus. Technetium,
Wiley-VCH (2000) (ISBN 3-527-29496-1). Scientists
continue to find new uses for radioisotopes, such as Tc-
99m. For example, doctors recently used Tc-99m to di-
agnose precisely the infected lymph nodes in breast can-
cer patients by injecting Tc-99m into the breast around
the tumor to aliow them to locate the nede quickly and
precisely before ever making an incision. Brookhaven
National L aboratory site on the history of the technetium
cow. (http://Awww.bnl.gov/bnlweb/history/Tc-99m.asp).
[0004] A Tc-99m generator, often called a technetium
cow, is a device used to extract Tc-99m from decaying
molybdenum-89 ("Mo-99"). Mo-99 has a half-life of 66
hours and can be transported over long distances to ra-
diopharmacies and hospitals where its decay product Tc-
99m is used for nuclear medicine diagnostic procedures.
Removing the Tc-99m from the generator ("milking" the
generator) is typically done every 6 hours or, at most,
twice daily. Most commercial generators use column
chromatography, in which Mo-99 is adsorbed onto alu-
mina. Normal saline sclution canbe runthrough acolumn
of immobilized Mo-99 to elute soluble Tc-99m, resulting
in a saline solution containing the Tc-99m.

[0005] Today, commercial radiopharmacies typically
replace their generators on a biweekly basis, since the
useful life of a Tc-99m generator is about 6 half lifes or
approximately two weeks. Hence, typical clinical nuclear
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medicine units purchase atleast one such generatoreve-
ry two weeks or order several in a staggered fashion.
The lead-lined generators are heavy and bulky and rep-
resent significant manipulation and toil for personnel to
replace and to dispose of spent generators. Large quan-
tities of lead, molded plastic containers, and packing ma-
terials are used only once and discarded after two weeks.
Shipping costs and waste are real considerations forend-
users. Further, conventional generator systems lack flex-
ibility as they are limited to fixed activity denominations
per unit sold, resulting in limited predictability and repro-
ducibility. Typical generators also do not provide activity
above 19 Ci.

[0006] It would be desirable therefore to provide sys-
tems and methods for producing customized, predictable
and reproducible supplies of radioisotopes, including
high activity levels, that do not require weekly replace-
ment, handling and transport of heavy shieldingmaterials
associated with conventicnal generators.

SUMMARY OF THE INVENTION

[0007] Inone aspect, the presentinvention provides a
system comprising:

areactor housingthatis fabricated from a radioactive
shielding material and has both an internal volume
and a surface that comprises an entry port and an
exit port;

a chromatographic column that is positioned within
said internal volume wherein; said first chromato-
graphic column is housed within a column assembly
comprising:

a column housing defining an internal space for
receiving said first chromatographic column;

a column adaptor plate;

an exit pipe in fluid communicaticn with said first
chromatographic column via said column hous-
ing and with an exit connection that is mounted
on said column adaptor plate; and

an entry pipe in fluid communication with said
first chromatographic column via said column
housing and with an entry needle that is dis-
posed in an adaptor plate entry port that is
mounted on said column adaptor plate;

wherein said column assembly is configured for in-
sertion as a unit into the internal volume of said re-
actorhousingthrough an opening in an upper portion
of said reactor housing; and,;

a filter module that is disposed external to said re-
actor housing and in fluid communication with said
column.

[0008] The present invention also provides a method
comprising the steps of:
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providing a system that comprises:

a reactor housing that is fabricated from a radi-
oactive shielding material and has both aninter-
nal volume and a surface that comprises an en-
try port and an exit port;
afirstchromatographic columnthatis positioned
within said internal volume wherein

said first chromatographic column is housed
within a column assembly comprising:

a column housing defining an internal space for
receiving said first chromatographic column;

a column adaptor plate;

an exit pipe in fluid communication with said first
chromatographic column via said column hous-
ing and with an exit connection that is mounted
on said column adaptor plate; and

an entry pipe in fluid communication with said
first chromatographic column via said column
housing and with an entry needle that is dis-
posed in an adaptor plate entry port that is
mounted on said column adaptor plate;
wherein said column assembly is configured for
insertion as a unit into the internal volume of said
reactor housing through an opening in an upper
portion of said reactor housing; and;

a first filter module that is disposed external to
said reactor housing and in fluid communication
with said first chromatographic column; and
positioning a first delivery vessel comprising a
solution of at least one radioisotope external to
said reactor housing and in fluid communication
with said first chromatographic column for atime
and under conditions effective to elute said first
chromatographic column with at least a portion
of said solution; and,

positioning a collection vessel external to said
reactor housing and in fluid communication with
said exit port via said filter module.

[0009] Inyetanctheraspect, the presentinvention pro-
vides a method comprising the steps of:

providing a system that comprises:

a reactor housing that is fabricated from a radi-
oactive shielding material and has both an inter-
nal volume and a surface that comprises an en-
try port and an exit port; and
afirstchromatographic columnthatis positioned
within said internal volume, wherein said first
chromatographic column is housed within a col-
umn assembly comprising

a column housing defining an internal space for
receiving said first chromatographic column;

a column adaptor plate;

an exit pipe in fluid communication with said first
chromatographic column via said column hous-
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ing and with an exit connection that is mounted
on said column adaptor plate; and

an entry pipe in fluid communication with said
first chromatographic column via said column
housing and with an entry needle that is dis-
posed in an adaptor plate entry port that is
mounted on said column adaptor plate;
wherein said column assembly is configured for
insertion as a unitinto the internal velume of said
reactor housing through an opening in an upper
portion of said reactor housing;

removing said first chromatographic column
from said internal volume by extracting said col-
umn assembly through an cpening in an upper
portion of said reactor housing;

positioning a second chromatographic column
within said internal volume by inserting a second
column assembly through said opening in said
reactor housing;

positioning a first delivery vessel comprising a
solution of at least a first radicisotope external
to said reactor housing and in fluid communica-
tion with said second chromatographic column
for a time and under conditions effective to elute
said second chromatographic column with at
least a portion of said solution; and,
positioning a first collection vessel external to
said reactor housing and in fluid communication
with said second chromatographic column.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG.1isacutaway side view depicting one gen-
erator system according to the invention.

[0011] FIG. 2 is a cutaway side view depicting one
shielded filter module according to the invention.

[0012] FIG. 3isanisometric view of one cartaccording
to the invention.
[0013] FIG. 4 is a cutaway side view of one generator

system according to the invention.

[0014] FIG.5isaperspective view of a column assem-
bly being inserted into an internal volume of a reactor
housing according to the invention.

[0015] FIG. 6 is a perspective view of a radioactive
shielding plug being inserted into an opening in a reactor
housing according to the invention.

[0016] FIG. 7 is a perspective view of an adapter disk
disposed on the surface of a reactor housing according
to the invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EM-
BODIMENTS

[0017] With reference to the drawings, FIG. 1 shows
one type of generator system 2 according to the inven-
tion. The generator system mayinclude a reactor housing
4 fabricated from a radicactive shielding material such
as lead, tungsten, or depleted uranium. The reactorhous-
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ing 4 may be substantially cylindrical, as shown in FIG.
1. In ancther embodiment, the reactor housing may be
substantially rectilinear. The reactor housing 4 may in-
clude a first end 6, a second end 8, and a wall 10 extend-
ing between said first end 6 and said second end 8. The
reactor housing 4 may have both an internal volume 12
and a surface 14 that comprises an opening 16 for in-
serting a column 18 (said column may be included in a
column assembly 20, shown in more detail in FIG. 5), an
entry port 22, and an exit port 24. The opening 16, entry
pert 22 and exit port 24 may be positioned at said first
end 6 of said housing 4. A radioactive shielding plug 26
may be disposed in said opening 16 in said surface 14
above said column 18. The radioactive shielding plug 26
may be fabricated from a radioactive shield material such
as lead, tungsten, or depleted uranium. The reactor hous-
ing 4 may have an adapter disk 28 disposed on the sur-
face 14 of said reactor housing 4 that comprises a ridge
of guide material 30 that may extend around said entry
port 22 and a ridge of guide material 32 that may extend
around said exit port 24. Preferably, the adapter disk 28
and ridges of guide material 30 and 32 are plastic. A ridge
of radioactive shielding material 34 may extend around
said exit port 24.

[0018] A chromatographic column 18 may be posi-
tioned within said internal volume 12 such that a first end
36 of said column 18 is in fluid communication with said
entry port 22 and a second end 38 of said column 18 is
in fluid communication with said exit port 24. In one em-
bodiment, the column 18 may be included in a column
assembly 20. The column assembly 20, inturn, may com-
prise a column adaptor plate 40 having a radioactive
shielding plug opening 42, an adaptor plate entry port 44
and an adaptor plate exit port 46 corresponding to said
entry port 22 and said exit port 24 of said reactor housing,
respectively, an adaptor plate vent port 48 (which may
include a ventfilter), and a column housing 50, preferably
fabricated from radioactive shielding material such as
lead, tungsten, or depleted uranium. The column assem-
bly 20 may comprise an entry needle 52 and a vent nee-
dle 54 disposed in said adaptor plate entry port 44, and
an exit connection 56, adapted for fluid communication
with a changeable sterile needle 58 of a filter module 60.
An entry pipe 62 may extend from said entry needle 52
to saidfirst end 36 of said column 18. A vent pipe 64 may
extend from said vent needle 54 to a safety valve 55 (said
safety valve 55 protecting said vent filter by preventing
back pressure from being released onto said vent filter)
and said safety valve 55 may extend to said vent port 48.
An exit pipe 66 may extend from said second end 38 of
said column 18 to said exit connection 50. The column
18 may be inserted into said internal volume 12 of said
reacter housing 4 through said opening 16 in said surface
14 of said reactor housing 4. Alternatively, said, column
assembly 20 may be positioned such that said column
18 is disposed in said internal volume 12 of said reactor
housing 4. The column 18 may comprise at least one
radioisotope, including but not limited to Mo-99, Te-99m,
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Y-90, Re-188, or Ga-68. In preferred embodiments, the
column 18 is fabricated from glass. The column 18 may
contain alumina in the form of aluminum oxide, Al,Og
{mp of about 2,000°C and specific gravity of about 4.0).
Preferably, the column 18 is a glass column that contains
aluminum oxide. The aluminum oxide powder preferably
has a particle size of from about 20 to about 200 um. In
addition to the aluminum oxide powder, the column 18
may