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1. Preamble

Technetium-99m is still the most frequently used tracer in

in-vivo nuclear medicine and is likely to retain its leading position

for the foreseeable future. One of its properties which makes it

desirable in nuclear medicine investigations is a half life of 6

hours. This provides the clinical investigator with adequate

opportunity to study the functional status of the patient while it

prevents the build up of excessive and unwanted radioactivity after

the tests have been completed. One might have expected the short half

life of Tc-99m to have impaired the widespread application of nuclear

techniques in medicine. Only a few countries, of which Australia is

probably the most prominent, have successfully overcome the 6 hours

half life to provide a daily service of Tc-99m products in which the

national demand is satisfied from a single, centralised radiopharmacy.

A majority of countries, particularly in W Europe and N America,

have opted instead to supply Tc-99m to the clinical end-users in the

form of its parent radioisotope, molybdenum-99. The half life of

Mo-99 is 66 hours which, in the context of rapid air travel, presents

few problems to extensive international distribution. In-house

preparation of Tc-99m from Mo-99 is achieved by the end user via

several practical devices, collectively called Tc-99m generators,

utilising chemical separations based on chromatography, sublimation or

solvent extraction.

Molybdenum-99 can be produced either by the neutron activation of

molybdenum [(n,Y)99Mo] or by the fission of uranium-235. These



options were exploited in the early Tc-99m generators but as the

techniques of nuclear medicine were extended to a wider range of

procedures, the patterns of usage increasingly favoured the use of

fission product (fp) Mo-99. Generators based upon fp Mo-99, adsorbed

on alumina and eluted with a small volume of physiological saline to

yield a concentrated solution of Tc-99m, became the most accepted

source of Tc-99m. Paradoxically as the use of fission Mo-99 increased

the number of organisations willing to produce it was seen to decline.

Although estimates vary, it is now claimed that between 75-85% of the

western world's total demand for fission Mo-99 is satisfied by two

large installations in Canada and Belgium; smaller scale production

facilities are also known to exist in the USA, W Germany, E Germany,

USSR, China, Argentina and, of course, in Australia,

Nuclear medicine is very advanced in Europe, in North America and

in a few other areas of the world. In these countries there are

highly developed nuclear industries with radiopharmaceutical infra

structures and substantial financial resources. These communities

have come to expect maximum benefits from contemporary technology,

particularly as it relates to health care. The medical profession in

these countries has recognised the advantages of the fission Mo-99

generator, particularly its ease of operation and capability to yield

high concentration Tc-99m solutions. In addition these countries

possess the resources and necessary skills to overcome any

difficulties which may be characteristic of the technology.

Improved health care through nuclear medicine is also a goal of

the less industrialised and developing countries. In these countries

the growth of nuclear medicine is often subject to access to Tc-99m.



Many of these countries have their own low flux research reactors

which they are anxious to use in satisfying their domestic

radioisotope needs. In reassessing these requirements/ the

developing countries have been increasingly tempted also to opt

for the fp Mo-99 generator as the next most logical step in the

development of nuclear medicine.. The high fission cross-section

of U-235 and the now reliably good performance of the Alj03-based

generator have been perceived as the solutions to problems facing

these countries. Early fears of actinide and/or fission product

contamination have largely been overcome through the development

of multistage processes.

The production of pure fp Mo-99 requires elaborate manufacturing

facilities to safeguard the environment; the production of fission

Mo-99 is also responsible for the generation of significant amounts

of high level, long lived radioactive wastes. These complications

incur significant financial penalties.

If the cost of the Tc-99m obtained from different generator

types is compared (Table 1)„ there is a clear suggestion that the

most widely used generator might also be the most expensive.

TABLE 1

TYPE

CHROMA-
TOGRAPHIC

SUBLIMATION

SOLVENT
EXTRACTION
(MEK)

"MO

Fission

(n,Y)

(n,7)

(n,y)*

(n,"Y)

SEPARATION
EFFICIENCY

70 - 95%

70 - 95%

20%

50%

50 - 75%

99mTC
QUALITY

Good

Good

Fair

Satis

Good

9>Tc
CONCENTRATION

High

Low

High

High

High

EASE OF
OPERATION

Simple, portable

Simple, portable

Complex, fixed

Automatic ,
Portable

Complex, fixed

EST
:OST i
S.mCi"
9SmTc

0.2

0.05

0.1

0.08

0.1

PROSPECT

Continuing

Obsolete

Obsolete

Low power
reactor

Obsolescent



* The advanced sublimation generator based upon

titanium molybdate (Mo-99) Zsinka (1984)

The problems of cost and fission waste disposal are endured

because to most countries, fission Mo-99 provides the only basis upon

which effective generators can be produced.

Some countries have continued the search for a generator system

9 9
capable of successfully exploiting (n,y) Mo. With the exception of

an Australian invention, the alternative generator systems based on

9 9(n,Y) Mo do not compare favourably with the "gold standard1 set by

the fission Mo-99 generator. These alternatives suffer from being

non-portable, difficult to operate and yield Tc-99m at lower

efficiencies or inferior qualities.

The gel generator, containing (n,Y)99Mo, is a product of AAEC

research which promises the only real hope of replacing the fission

Mo-99 generator. It can be scaled up or down to meet the requirements

of centralised radiopharmacy or be transported to the nuclear medicine

department in a hospital; it operates through the simple technique of

column elution; separation of Tc-99m can be achieved with near

theoretical efficiency and the separated Tc-99m is not contaminated

with undesirable radioactive or chemical impurities. Table 2 provides

a comparison to the fission Mo-99 and (n,y)99Mo gel generators.



TABLE 2

3MA-

99Mo

FISSION

(n,Y)

SEPARATION
EFFICIENCY

70 - 95%

85 - 95%

99mTc
QUALITY

Good

Good

CONCENTRATION

High

High

OPERATION

Simple, portable

Simple, portable

EST
COST
$ mCi"1

0.2

0.06

PROSPECTS

Continuing

The next
generation !

As a result of several years studies on the more fundamental
9 9aspects of the preparation and performance of the (n/T) Mo gel, those

connected with the project are confident that it could successfully

replace the chromatographic generator containing fission Mo-99.

The development of the gel generator is desirable for several

reasons: it removes Mo-99 specific activity as a limiting factor in

effective generator design; it eliminates the need for costly and

elaborate processing facilities - a prerequisite to protect the

environment when processing irradiated uranium; it avoids the

generation of high activity radioactive wastes whose final disposal is

always difficult and not available in some countries; by its very

nature it allays all fears of actinide or fission product

contamination of the Tc-99m product. Finally, there is no real limit

to the amount of (n.y) 9Mo that can be produced. These advantages may

have special significance to those countries where a nuclear industry

is not fully developed. However, the gel generator concept could also

have a major impact on the markets of Europe and North America not

only because of these technical advantages but also because of the

potential they have for reducing the unit cost of Tc-99m.



Those bold enough to make such predictions, claim that

the future need for Tc-99m generators in nuclear medicine is

assured. It is presumed that the generators containing fission-

Mo-99 will predominate for some time to come but they will be

increasingly challenged by alternative technologies especially

those which can promise the benefits of nuclear medicine to ever

larger communities.

The new AAEC technology leading to the development of the

gel generator provides a glimpse into the future. One can see

a generator that looks and operates exactly like the best that

exist today. Only if you looked inside its outer containment

might you notice that an alumina column had been changed for

one consisting of zirconium molybdate (Mo-99).

This report describes the strategy and tactics to be

applied to winning final clinical approval for the gel

generator as a source of high quality Tc-99m suitable for

general use in nuclear medicine.
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2. Technetium Generators, Principles and Practice

The ability to use Mo-99 as the source of Tc-99m is because of

the decay sequence:

Mor99 - 66h - ft* Tc-99m - 6h
87.5% f

66h - '
12.5%

......... where the gradual decay of Mo-99 is followed by a growth and

then decay of Tc-99m. Because the half life of Mo-99 is appreciably

longer than that of Tc-99m, the spontaneous processes of formation and

destruction of Tc-99m lead to a situation where the Tc-99m activity

reaches a peak value after which it enters into a state pf equilibrium

with the Mo-99 activity. At equilibrium both radioisotopes appear to

disintegrate at a rate proportional to the half life of Mo-99.

This phenomenon, whereby the half life of Tc-99ro is apparently

increased from 6 to 66 hours, is the means by which problems of

distribution can be overcome. In addition, Tc-99m harvested from the

system is quickly replaced by freshly produced Tc-99m by the further

decay of Mo-99. The growth of Tc-99m from Mo-99 is illustrated

graphically in Figure 1. The regrowth of Tc-99m is most rapid

immediately after a separation and while it takes approximately 23

hours for the Tc-99m ô reach a maximum value, only 4.5 hours growth

is required to reach half the maximum activity. Hence the more

frequently Tc-99m is separated from Mo-99, the greater is the yield.

Several practical "considerations impose limits; eg: a large regional
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radiopharmacy operating around the clock might separate Tc-99m 3-5

times each 24 hours, a hospital only 1-2 times per day.

The frequent repetition of the separation process focusses

attention on the question of ease of operation and the successful

generator is one in which the Tc-99m can be rapidly and efficiently

won with the minimum input of operator skill. In part, this explains

the predominance of generators from which the Tc-99m is separated by

column chromatography.

Another important feature of the successful generator is its

ability to yield eluates of high Tc-99m concentration. Figure 2 shows

a direct relationship between column height and the volume necessary

to elute the peak concentration. Clearly, therefore, for any given

activity of Tc-99m the size of the generator column must be small for

the concentration of Tc-99m in the eluate to be maximised.

A small chromatographic column in the generator implies, however,

a lessening of its capacity to contain Mo-99; in practical generators

involving Mo-99 adsorbed onto alumina this need not be a problem

providing the specific activity of the Mo-99 is high. Table 3

compares (n,y)Mo-99 with fission Mo-99 and shows that this requirement

is satisfied only by fission Mo-99.

TABLE 3

Nuclear Reaction Cross Section n-Flux Mo-99 Specific Activity
barns n/cm2/sec Ci Mo-99/g Mo

98-Mo(n,Y)Mo-99 0.5 7 x 1013 ~ 2

U-235(n,f)Mo-99 580(6.1% ' 7 x 1013 " 1011

f yld)



The quality of the eluted Tc-99m is the final criterion upon which a

generator will be judged. Quality is multi-facetted involving

radionuclidic, radiochemical, chemical and biological purities. While

all are important only one, that is radionuclidic purity, is

especially relevant to the development of the new Tc-99m generator.

In all Tc-99m generators the most probable radionuclidic impurity

is, of course, the parent Mo-99; other fission products and the

actinides may be present to contaminate the separated Tc-99m.

Typically, the following radionuclides can be found in allegedly

refined fission Mo-99: 1-131, 1-132, Ag-111, Ag-112, Pd-112, Ba-140,

La-140, Zr-95, Nb-95, Ru-103, Cs-137, Sr-89, Sr-90, Np-239, U-235 and

Pu-239. Even low levels of these impurities are most undesirable and

capable of significantly increasing the overall radiation exposure of

the patients. The tolerable concentrations of some approach their

limits of detection and the tests applied to ensure

compliance-to-specification are frequently subsequent to the clinical

application of the Tc-99m. The problem is nowadays less serious due

to the development of improved refining processes; however there

still occur batchwise variations in Mo-99 quality which demand the

unabated vigilance of quality control.

Radionuclidic purity of Tc-99m obtained from (n,y )Mo-99 is

governed exclusively by target purity. Analytical grade molybdenum

trioxide contains levels of rhenium and tungsten which after neutron

activation can compromise the quality of the separated Tc-99m; it is

usual practice to reduce these impurities to insignificant levels by

pre-irradiation refining. The absence of pure alpha and



beta-emitting impurities in (n,Y)Mo-99 allows quality control testing

to be satisfactorily completed prior to clinical application.

Pharmacopoeia monographs specify in considerable detail, the

minimum acceptable quality of Tc-99m with regard to radlonuclidic

impurities; they imply that the responsibility for adhering to

standards resides with the user organisation. Unfortunately the

majority of users have little chance of examining more than the

rudimentary aspects of radionuclidic purity and consequently they look

to the generator manufacturers to provide the necessary guarantees.

The development of nuclear medicine, in Australia and elsewhere,

has witnessed a progressive growth in the average dose of Tc-99m

administered per patient, (see Table 4, period 1970 to 1984).

TABLE 4: AUSTRALIAN STATISTICS ON THE CLINICAL USE OF TECHNETIUM-99m

1970 1980 1984

No of patients 28 700 104 140 120 980

Total Activity - Ci Tc-99m 186 1 150 1 568

Average dose - mCi Tc-99m/patient 6,5 11,0 13,0

Source: Australian Radiation Laboratory, Commonwealth Department of
Health.

With this growth there has occurred an increased dependence on

the portable, in-house, Tc-99m-generator and a declining interest in

Tc-99m from the national centralised radiopharmacy. The portable

generators currently supplied to Australian hospitals by the AAEC are

products of a highly developed technology and are comparable in

quality to those available in the advanced countries of Europe and N .

America. These generators are based on fission Mo-99 because of the



superior operating characteristics this lends to the generator. The

idea of a zirconium molybdate (Mo-99) gel capable of yielding Tc-99m

from a simple column elution process was conceived by AAEC

scientists*. This gel generator has been further developed at Lucas

Heights to the stage where pre-clinical and clinical trials are now

considered appropriate. The gel contains ^25 wt % molybdenum compared

to 0.2 wt % for the typical adsorption capacity for Mo on alumina;

this increase in the molybdenum capacity enables the use of low

specific activity (n,y) Mo-99 to produce high activity generators.

The gel is an insoluble cation exchanger with an open structure which

allows the free diffusion of Tc-99m. The Mo-99 is chemically combined

as an intrinsic part of the gel structure rather than being held by

the more labile adsorption bonds as in the fission Mo-99 : alumina

generator.

The Tc-99m, as the pertechnetate ion, can be separated from the

gel column by the passage of water or saline solution; water elution

is unsuited to the elution of the portable generators used in

hospitals because the hypotonic nature of the eluate precludes direct

administration to patients. Under the appropriate conditions of gel

preparation and conditioning, Tc-99m separation is very efficient with

better than 80% being eluted following the passage of 1 mL saline per

g gel. Replacement of part (5-10%) of the zirconium with eerie ion

improves elution efficiency by maintaining the technetium in the fully

oxidised anionic form. Elution performance is unaffected by the use

of saline from plasticised PVC bags and only slightly affected by

autoclaving.

* Australian Patent 51580R; Evans J.V., Matthews R.W., [1978].
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The radionuclidic purity of Tc-99m from a gel generator is

high and even higher when a small zirconia filter is included

down stream of the generator bed. The Mo- 9 9 content of the

eluates is consistently less than 0.001% of the Tc-99m activity.

Of the other radionuclidic impurities that are detectable, Nb-92m

predominates at

The experiments that have already been performed clearly

suggest that the gel generator matches the fission Mo-99 generator

in all aspects of operation. Despite the fact that the gel is a

non-stoichiometric compound with a largely unknown polymeric

structure that varies considerably with the conditions of synthesis

it is capable of being produced to yield excellent results.

By avoiding the complex chemical processing of irradiated

uranium (and the risk it imposes on the environment) and the

subsequent disposal of unwanted fission waste activities (see

Pig. 3) the zirconium molybdate (Mo-99) gel process offers a

product of considerable interest. When the virtues of simplicity

and economy are exploited in a generator which consistently and

efficiently produces high quality Tc-99m, then the total system

merits serious consideration as either a competitor to, or a

replacement for, the ubiquitous fission Mo-99 generator.



3. Publications and Patent Protection

The use of zirconium molybdate (Mo-99) gel as a source of Tc-99m

was first proposed by Evans and Matthews (1977); the proposal

demonstrated that (n,Y)Mo-99 could replace fission Mo-99 in a

generator system. The commercial significance of the idea was quickly

realised and steps were taken to obtain patent protection for the

concept and its application in nuclear medicine. The following

patents apply:

Australian patent

Canadian patent

German patent application

French utility certificate

Japanese patent application

United Kingdom patent

United States patent

515808

1131429

P2825216.6

78,17398

69739/78

2000361

4280053

The countries in which the patents were filed were already active

in generator production and obviously the most capable of recognising

the inherent advantages in safety and economy that the invention

promises. The world's technetium generator demand, estimated to be

worth in excess of $100,000,000 per annum and growing, was seen as the

best incentive for technological change and that the Gel Generator was

capable of providing the commercial 'edge1 for a company hoping to



increase its market share. There has been no change to this situation

and although reviewed in 1987, the patents remain active with an

expectation that some will bear fruit.

In the ensuing 10 year period (1977-87) the gel generator has

been the subject of research the results of which have been described

in a series of publications. Many of these documents define a

state-of-the-art situation as it applies to the preparation and

properties of zirconium molybdate (Mo-99) gel and hence are considered

essential to plans for commercial exploitation. This group of

publications have been restricted in circulation through a

classification of 'Commercial in Confidence1. In this category are

the following:

AAEC/E Series

Development of the Zirconium Molybdate Gel Generator

593 Part I : Laboratory Development.

594 Part II : Factors Affecting Gel Preparation and

Generator Performance.

595 Part III : High Activity Gels.

596 Part IV : Quality Control and Biological Tests.

597 Part V : Preparation and Evaluation of Hydrous

Zirconium Oxide Ion Exchangers.

600 Part VI : Elution with Water and the Post-Elution

Treatment of Eluates.

640 Part VII : Zr(iv), Mo(vi) Speciation and Gel

Characteristics.



AAEC/M Series

110 A Manual of Procedures for the Hot Cell

Preparation of High Activity Zirconium

Molybdate Gel.

Tne discovery that zirconia could be used to adjust the pH and

concentrate the Tc-99rn eluted from large volume/low specific activity

zirconium molybdate (Mo-99) beds - described in AAEC/E 597 - led to

the AAEC taking further patent action. The following improvement

patents apply to the general technology associated with the gel

generator:

Australian patent

Germany patent application

France patent application

Japan patent application

US patent application

UK patent application

Canada patent application

541 543

P5-03-760-1

85.02 581

281 52/85

701373

85/01265

461991

Finally a small number of public disclosures have also been made,

relating to the gel generator, to focus attention on the innovation

and on the progress made by AAEC's research scientists. A legitimate

goal of these papers was to attract the interest of potential

purchasers of the technology; there has been limited success in this

direction. The publications were appropriately timed so as not to
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jeopardise current patent applications; nor did they divulge the

essential technological data-base built up in the decade of research.

In this list of publications are the following:

'A New Generator for Technetium 99m1; Third World Congress of

Nuclear Medicine and Biology, Paris 1982.

"The Gel Generator - A New Concept in Tc-99m Production1;

13th Ann. Scientific Meeting of the Australian and New Zealand

Society of Nuclear Medicine, Melbourne 1982.

'A New Generator for Technetium 99m1; International Symposium on

the Use and Development of Low and Medium Flux Reactors,

Massachusetts 1983.

'On Meeting Requirements with the Gel Generator'; 15th Ann.

Scientific Meeting of the Australian and New Zec.land Society

of Nuclear Medicine, Adelaide 1984.

'Performance Criteria of a Gel Generator' Radionuclide Generator

Technology Seminar, Vienna 1986.

'Technetium-99m Generator Technology - Present and Future

Prospectives'; Radionuclide Generator Technology Seminar,

Vienna 1986.

'Zirconium Molybdate Gel as a Generator for Technetium-99m'

AAEC/E 599 (1984).

'Zirconium Molybdate Gel as a Generator for Technetium 99m -

I. The Concept and its Evaluation' Applied Radiation and

Isotopes, International Journal of Applied Instrumentation,

Part A. (In press 1987)

'Zirconium Molybdate Gel as a Generator for Technetium 99m -

II. High Activity Generators1. Applied Radiation and Isotopes
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International Journal of Applied Instrumentation, Part A. (In

press 1987) .

The AAEC scientists responsible for the patent specifications,

AAEC/E reports, journal articles and conference presentations listed

above are:

J V Evans, P W Moore, M E Shying, J M Sodeau (Principals)

R W Matthews (now of CSIRO; early studies)

D J Maddalena, K J Farrington (occasional specialised contributions

R E Boyd (some recent promotional aspects).



£ J.

4. The Overall Strategy of the Development Program

The prime purpose of the development program is to show that

Tc-99m/ obtainable from the gel generator (portable) containing low

specific activity (n,y) Mo-99, satisfies the requirements of clinical

nuclear medicine. It is implicit in achieving this goal to

demonstrate how well the gel generator meets the criteria when

compared to other generator types, particularly the chromatographic

generator containing high specific activity fission Mo-99.

The experiments will be conducted under laboratory conditions

which allow close supervision by highly skilled staff and, because the

number of generators produced per batch of gel will be small, are not

affected by the possible problems of scale.

Accordingly it is important to recognise that the results of the

program are but a statement of the clinical potential of the new

product which has been expressed in terms which facilitate subsequent

technological and economic assessments. Put more simply, the strategy

of the development program is to establish a reputation for the gel

generator but not the means by which it can be.produced in quantities

sufficient for it to become a commodity of trade.

In essence the program will examine a chemical process capable of

producing a granulated gel presentation of zirconium molybdate with

constant and predictable properties. The program will attempt to show

that high activities of Mo-99 can be suitably incorporated to resist

the forces of hydrolysis and radiolysis which would act to decompose

the gel. The program will demonstrate how well Tc-99m can be
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repetitively separated from the gel and examine several aspects

relating to the quality of the Tc-99m. The program will be used to

demonstrate that the gel generator can be autoclaved according to the

harsh conditions necessary to guarantee freedom from microbiological

contamination and still maintain its integrity of structure and

performance. The generator will be operated in a closed system mode,

identical to the current fission Mo-99 generator, to demonstrate that

aseptic use does not detract from the continual and efficient elution

of pure Tc-99m.

Technetium-99m eluted from the gel generator will be monitored

for its compatibility with a range of radiopharmaceutical

preparations. Biological distributions in animals will be measured

and visualised by methods known to be capable of detecting variation

in quality. (These experiments will not aim at establishing the

pharmacology of the Tc-agents but rather to determine the effect, if

any, of changing the source of the Tc-99m). A limited toxicity study

will be performed in zirconium nitrate, molybdic acid and zirconium

molybdate to determine the mutagenic potential of these substances.

Ultimately, the program will involve studies in Man according to

the general principles for the clinical evaluation of drugs (WHO,

Technical Report Series, 403, 1968 and the NH & MRC guidelines). With

the cooperation of one or more clinical investigators, the program

will conclude with an assessment of the safety and efficacy of Tc-99m

derived from the gel generator; this will be achieved through Phases

I and II of well planned and conducted clinical trials in which the

maintenance of acceptable ethical standards are ensured.
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Human Resources

The human resources for the work program have been carefully worked

through personal interviews, to gauge individual motivations, and

through group sessions to ensure a spirit of cooperation. The proposed

beam and responsibilities are as follows:-

Project management and coordination;

liaison with outside bodies for the

furtherance and promotion of the

gel generator concept.

NDF4 Submissions, Clinical Trials etc,

R E BOYD

(Isotope Division)

Hot cell technology; gel manufacture;

generator assembly; enriched Mo-98

recovery (if necessary).

J SODEAU

(Isotope Division)

The planning and performance of the

comprehensive test plan to assess

radionuclidic, radiochemical, chemical

and microbiological purities.

D HENDERSON

(Isotope Division)

Compatibility studies on radio-

pharmaceutical kits on the animal model.

D MADDALENA

(Isotope Division)

Assessment of process variables as they M SHYING
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relate to generator performance,

improved understanding of gel properties

(particle size, chemical conditioning,

stability generator age and activity).

Interpretation of QC results particularly

batch variation.

(Env Sci Division)

Assistance with aseptic production

techniques.

M SAUNDERS

(CPU)

Determination of mutagenicity of

ingredients and final product

(Ames testing).

K HAMMERTON

(Health & Safety

Division).

Studies in Man, phases I and II

clinical trials.

.... to be arranged

with the cooperation

of clinical investi-

gator from a Sydney

teaching hospital.

Manufacture of specialised in cell

equipment for gel manufacture and

generator assembly and sterilisation.

D HURWOOD (ES&O)

P ANDERSON (CPU)

NB: It is understood that Mr Shying will also have access to

specialist assistance from Environmental Science Division

for the resolution of certain problems.



6. Some Details of the Work Plan

The development of the gel generator, as described in this

program, presumes that the bulk of the supporting scientific research

is complete and well-documented. However, implicit in the program are

certain changes whose effects on the process are still unknown, eg:

to move from laboratory bench to hot cell might make process control

more difficult; concentrating on a physically small but high activity

generator to be autoclaved and then eluted with saline might

exacerbate gel stability problems. Accordingly it is considered

prudent to re-establish, or fine tune, the chemical process for the

preparation of the gel.

It is intended to study the following:

The effect of changing the Mo:Zr ratio.

The effect of source, concentration and pH of the zirconium

solution.

The effect of concentration, pH and the consequences of intense

irradiation on the quality of the molybdenum solution.



The effect of gel conditioning eg, Water/Saline - volume and

temperature.

The effect of cations (Na+).

The effect of autoclaving (121°C for 33 minutes).

The effect of elution rate.

Optmisation of zirconia clean-up filter.

The effect of cerium additions to the gel.

These process parameters will be examined for their influence on

Elution Efficiency, Mo Breakthrough, Elution Profile, Gel Stability

and Eluate pH.

Production Trials: With the assembly of the in-cell process

equipment there will be a need for commissioning trials; these will

be performed at the tracer level and then at full activity.

Techniques for the manufacture of the gel, its filtration, drying

and disintegration must be established and, where necessary, changes

made to the in cell equipment. Methods will be devised for the

accurate dispensing of the gel granules into the generator vial.

Generators will be sealed and autoclaved in the hot cell. Final

assembly of the generator within its containment will be achieved with

the cooperation and supervision of staff of the CPU.



Each of these operations must be closely defined to ensure a

consistency of production; it is envisaged that several trial and

error attempts will be made before all conditions for routine

manufacture have been established. The preclinical trials will be

delayed until this phase of the work program is completed.

Preclinical Trials;

The purpose of the preclinical trials is to generate a library of

data on the performance of the gel generator and the quality of Tc-99m

obtained from it.

Some twenty batches of high activity zirconium molybdate (Mo-99)

gel will be produced for which the following data will be recorded:

Activation details - target design, target mass,

irradiation cycle, neutron flux,

activity yield, specific activity

and radionuclidic purity.

Mo-99 Solution - Concentration, activity per ml, pH.



Zr Solution - Concentration, pH.

Volume of ingredients

Process conditions

From each batch of Zr/Mo gel at least one high activity (~1 Ci)

and one low activity (0.1 Ci) autoclaved generator will be produced.

These generators will be eluted each day for 2 weeks and the resultant

Tc-99m solutions subjected to a comprehensive schedule of tests.

In anticipation of a submission for approval to conduct clinical

trials to the Australian Health Department, the test program on the

generators will be recorded in a formalised pattern according to:

Details of analytical methods used; specifications for limit

tests and where appropriate a statement of the sensitivity of

the recommended methods (limits of detection).

Results of performance testing. Full data on the measurement

of qualitative and quantitative performance covering the

elution efficiency of each generator and the radionuclidic,

radiochemical, chemical and microbiological (sterile,

apyrogenic) qualities of the eluates.

All tests will be performed according to a schedule and sampling

plan, the details of which are provided below.



The data are provided in raw and in summary forms with an

appreciation of inter- and intra-batch variations and

compliance to pharmacopoeial specifications.

Statement of product specifications - release specification,

specification at calibration time; recommended release and

expiry conditions.

A summary of the elution characteristics of the gel generator

including; a statement of mean elution efficiency, the

variation of elution efficiency with increasing age of the

generator, the variation of elution efficiency with increasing

number of elution cycles, the effect of generator activity

on the mean elution efficiency, the elution profile in terms of

the eluant volume necessary to elute the maximum Tc-99m activity

and the peak width (ml) - determined for different generator

sizes.

In addition, samples taken at the beginning and end of the normal

life of a generator will be examined for radiopharmaceutical reagent

compatibility. These experiments will report:

Results of the measurement of the biodistribution, in two

species of experimental animals under standardised conditions,

of a range of commonly used radiopharmaceutical reagents

reconstituted with Tc-99m produced from a gel generator.

An appreciation of the results when compared with Tc-99m

produced by other methods. Details of all procedures used



and a comprehensive appreciation of the results.

It will be necessary to record information on the following:

Some toxicity considerations of the ingredients with an

appreciation of the nature, levels and potential toxic

effects of chemical impurities in the Tc-99m produced from

the gel generator.

Radiotoxicity; an appreciation of the levels of radionuclidic

impurities in the Tc-99m and their effect on radiation

exposure.

The data generated up to this point will form the basis of an

approach to the Australian Department of Health for permission to test

the gel generator (as a source of Tc-99m) on humans in Phases I and II

Clinical Trials. Relevant communications (supplementary questions and

responses) between the AAEC and the Department of Health in regard to

the application to trial this new drug should be expected.
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7. The Protocol of Clinical Trials

The ultimate test for the gel generator will be its performance

in a clinical environment. Current nuclear medicine practice utilises

radiopharmaceutj.cals of Tc-99m in a wide range of investigations;

some of these are shown below (Table 5)

TABLE 5 - Technetium-99m Radipharmaceuticals

Diagnostic

Agent

Mechanism for

Localisation

Region of

Application

Tc-macroaggregates

Tc-sulphide colloid

Tc-antimony sulphide

Tc-Sn-DTPA

Tc-Sn-HMPAO

Tc-Sn-Gluconate

Tc-Sn-DMSA

Tc-Sn-DISIDA

Tc-pertechnetate

Tc-Sn-IDP

Tc-Sn-MDP

Tc-Sn-RBC

Tc-Leucocytes

Capillary blockade

Phagocytosis

Phagocytosis

Diffusion

Diffusion

Glomerular filtration

Glomerular filtration

Active transport

Active transport

Unknown

Unknown

Lung perfusion

Liver, spleen

Lymph flow

Brain, urine flow

Cerebral blood flow

Kidneys, urine flow

Kidneys

Liver, bile flow

Thyroid

Myocardium

Skeleton

Cardiac blood flow

Abscess
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To be an effective replacement source of Tc-99m, the output from

the gel generator must be capable of entering into any of these

formulations without perturbing the biochemical characteristics upon

which the clinical applications are based.

Clinical trials are necessary to demonstrate in Man the

equivalence (or otherwise) of Tc-99m produced by the gel generator at

any time during its normal operating life to that from other

generators (principally the fission Mo-99 chromatographic generator).

It is planned to limit the clinical trials to Phase I (the first

administration of the drug to man, usually a small number of

volunteers, but sometimes patients, carried out in an appropriately

equipped clinical laboratory with a high degree of surveillance from

experienced medical officers) and Phase II (the first trials of the

drug in patients suffering from the disorder for which the drug is

intended and usually conducted by investigators regarded as medical

specialists).

The guidelines published by the Australian Department of Health

for preparing applications for the clinical investigational use of a

therapeutic substance suggest that an adequately conducted clinical

trial must provide at least the following information on drug

efficacy:

The study design - stating the objectives, rationale, type of

comparison, subject selection, observational

and analytical procedures.



The subject profile - sex, age, weight and diagnosis.

The treatment profile - formulation used, dosage (route, frequency,

amount, duration) and previous, concurrent

or subsequent therapy.

The observations - presented individually with details of

methods used to record and quantitate the

results.

The analysis - comparison between treated and control

groups; statement on statistical methods.

The conclusion - the Investigators interpretation of the

experimental results.

The clinical trials must also assess the safety of the new drug

through a report on the incidence and severity of adverse reactions.

Because the changes involved in substituting the gel generator

for the fission Mo-99 generator are quite small and, in any case,

defined by the objective measurement of relevant physico-chemical

parameters, it is conceivable that some relaxation of the normal trial

requirements may be negotiated through the Department of Health by a

submission filed jointly by the AAEC and the medical investigator(s).



8. Negotiations with the Australian Department of Health

The 'Therapeutic Goods Act and Regulations' vest responsibility

for approving the import of new therapeutic substances into Australia

with the Therapeutic Goods Branch of the Australian Department of

Health (ADH). In practice this has been extended to include the

domestically produced radiopharmaceuticals of the AAEC.

(The rationale for this is based on the situation that Australia

has no fine chemical industry and as a result some ingredients, if not

all, of a domestically produced therapeutic substance originate from

overseas. With the ingredients being imported into Australia, the ADH

argue that the end product becomes subject to the Act and its

Regulations. The AAEC has never challenged this interpretation

although such a move has been mooted).

It is not recommended that the Gel Generator Project be used as a

test case through which a challenge to the authority of the ADH could

be mounted. On the contrary it is advised that the cooperation of the

ADH be sought as early as possible to facilitate a rapid acceptance of

Tc-99m derived from the gel generator.

Accordingly, once the equipment has been installed in cell and

the chemical process for the gel has been finally established, it is

planned to visit and advise the Australian Radiation Laboratory,

Melbourne of our plans. During this visit the rationale and the full

scope of the experimental plan will be explained and their comment

sought. The pre-clinical test program will be formally proposed at

this meeting and the changes, if any, negotiated. This type of



Lnter-departmental cooperation has already proved valuable in speeding

jp the approval process since it identifies those areas considered to

need special attention.

On completion of the pre-clinical tests it will be necessary to

file a partial NDF4 Submission before the Studies in Man can be

commenced. To facilitate this it is also intended to visit the

Therapeutic Goods Branch, Canberra, for further explanatory

discussions.

Phase II of the clinical trials must await ADH's acceptance of

the results of Phase I; this final step in the development program

may also benefit from personal representation in Canberra.

It is obvious that the Gel Generator Development Program will

demand continued negotiation with officers of the ADH if the stated

goals are to be achieved in the minimum time scale.



"Mo / 99mTc GEL GENERATOR O.C. ANALYSIS FORM

No

1

2

3

4

5

6

7

8

9

10

11

12

13

14

ELUATE

(GBq)

X

X

X

X

X

X

X

X

X

X

X

X

X

X

"MO
(GBq)

X

X

X

X

X

X

X

X

X

X

X

X

X

X

EFFIC

(%)

X

X

X

X

X

X

X

X

X

X

X

X

X

X

PH

X

X

X

Zr

(ppm)

X

X

X

RADIO

CHEMICAL

PURITY

X

X

X

RADIO

NUCLIDIC

PURITY

X

X

X

X

X

X

X

X

X

X

X

X

X

X

LONG

LIVED

X

X

X

N03"

(ppm)

X

X

X

CelONS

(ppm)

X

X

,

X

MICRO

X

X

RBC

LABEL

X

•

X

X



99Mo / 99rilTc GEL GENERATOR Q.C. ANALYSIS FORM

No

1

2
3
4
5
6
7
8
9

10
11
12
13
14

DAY DATE TIME
(hrs)

I.C.
(PA)

xlO
xlO
xlO
xlO
xlO
xlO
xlO
xlO
xlO
xlO
xlO
xlO
xlO
xlO

ELUATE
(GBq)

"MO
(GBq)

EFFIC
(%)

pH Zr
(ppm)

RADIO
CHEMICAL

PURITY

RADIO
NUCUDIC

PURITY
LXDNG
LIVED

NO3~
(ppm)

CelONS
(ppm)

1

-

MICRO

GENERATOR No: GEL BATCH No:



QC SPECIFICATIONS

PARAMETER LIMIT

PH 4.0 - 8.0

Zr < 5 ppm

Radiochemical
Purity > 953 Too i,'

Radionuclidic
Purity

"Mo < 0.1%
others < 0.01%

24 hours after elution

NO, < 40 ppm

Ce Ions < 5 ppm

Microbiological
Status

Sterile,
Apyrogenic



Chemical Development

Selection Trials

Tracer Level Trials

In-Cell Equipment and
Cell Modifications

Tracer Level
Production Trials

High Activity
Production Trials

Preclinical Trials

1987 1988

Apr May Jim Jul Aug Scp Oct Nov Dec Jan Fcb Mar Apr May Jun Jul Aug

Timetable for the Project


