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Abstract

In the radiolabelling process, the frequency of routine analytical testing must
be defined with a risk assessment based on different factors (Pharmeuropa
Vol. 26 No. 2, 5.19). Aim of this study is to define the criteria based on the
risk assessment required for setting the frequency of analytical controls. 331
preparations of three different radiopharmaceuticals labeled with *™Tc¢ were
examined analyzing temporal trends of radiochemical purity values, potential
correlation between radiochemical purity values and total radioactivity con-
tent of bulk as well as potential correlation between radiochemical purity val-
ues and radioactivity concentration of bulk. The analysis shows no direct cor-
relation between percentage of radiochemical purity and total radioactivity
content of preparation and between radiochemical purity values and radioac-
tivity concentration in final bulk solution. Moreover, the routine analytical
controls executed for one year on each preparation made it possible to deter-
mine how the analytical values do not have inter-operator dependency and
there is no evidence of specific temporal trends over time. The study is aimed
to assess any eventual criticality related with radiochemical purity tests, de-
termine the possibility of a parametric release and the optimal frequency of
tests, without reducing the level of safety of the preparations. This will pro-
duce a substantial reduction of costs and of radiation exposure to ionizing
radiation of the staff dedicated to Quality Control procedures.
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1. Introduction

In Europe, the preparation and quality control of radiopharmaceuticals from kits
is governed by Pharmeuropa Vol 26 No. 2-5.19 Extemporaneous preparation of
radiopharmaceutical preparations [1] and the specific Pharmacopeia Monogra-
phies for each product. Furthermore, in Italy, since 2005, this subject has been
ruled by a decree issued by the Ministry of Health on 30 March 2005 [2]. Both
regulations establish that each preparation must be submitted to a radiochemical
purity control before clinical use. However, Annex 17 to the EU Guide to Good
Manufacturing Practice 3] sets out that, under specific safety conditions, the
parametric release of the product may be undertaken. More specifically, relevant
guidance documents, like those published by the PIC/S Committee specify that
[4] a reduction in analytical controls on finished products can be considered in
the following conditions:

e The demonstration that the test is redundant, i.e. it has not detected any out
of alert limit situations, failures or other anomalies not already detected by
the remaining system.

e The product quality being assessed is assured, or directly tested by the re-
maining system.

The goal of this study is to assess any eventual criticality related with radio-
chemical purity tests, determine the possibility of a parametric release and the
optimal frequency of tests on radiopharmaceuticals from kits, while ensuring the
same safety standards established by the regulations for such matters and, at the

same time, reducing operator exposure to ionizing radiation.

2. Materials and Methods

This study examined the work done at the CDI’s nuclear medicine radiophar-
macy (hot lab) over a 12-month period (September 2013-August 2014), focusing
on the preparation of radiopharmaceuticals from kits. During that time, 344
preparations were made, as per the Table 1. The nuclear medicine radiophar-
macy provides radiopharmaceutical solutions for injection for the CDI nuclear
medicine department. In the lab there are two hot cells. One cell is dedicated to a
FDG dispensing unit. All the radiopharmaceuticals described in this study were
made in the second cell that also contains a 99mTc generator.

All of the preparations were subjected to the analytical controls indicated by
the manufacturers in the product characteristics: in particular, the radiochemical
purity has been tested with a Thin-layer chromatography technique (silica gel
and storage phosphor system). The radiochemical purity tests were performed
immediately after radiolabelling processes. All workers perform media fill test

twice a year and zero nonconformity were observed.
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Table 1. Number of preparations completed per each radiopharmaceutical between Sep-
tember 2012 and August 2013 in the CDI S.p.A.’s nuclear medicine hot lab.

Radiopharmaceutical pljel;:::aetrioonfs
DTPA-""Tc Pentetate Injection (Mallinckrodt SpA, IT) 63
HDP-*™Tc Oxidronate (Mallinckrodt SpA, IT) 117
Myoview-""Tc Tetrofosmin for Injection (GE Healthcare SrL, IT) 151
Maasol-*"Tc Human Albumin Macroaggregates Injection ;
(GE Healthcare SrL, IT)
Ceretec-*"Tc Exametazime Injection (GE Healthcare SrL, IT) 2
Nanocoll-*"T¢ Albumin Colloid (GE Healthcare SrL, IT) 4

During the preparation processes for the radiopharmaceuticals from kits in
nuclear medicine, radiochemical purity can essentially be influenced by three
factors:

e Manual skill of workers;
¢ Radioactivity concentration of the bulk;
e Total radioactivity content in the bulk.

For the purpose of this study the data have been analyzed on a semi-quantita-
tive level. In particular, to demonstrate that the radiochemical purity of radio-
pharmaceuticals from Kkits prepared at the nuclear medicine facility is not influ-
enced by the aforementioned three factors this document analyzes the following:
e Trends over time for radiochemical purity values;

e Potential correlation between the values for radiochemical purity and the to-

tal radioactivity of the preparation [5];

e Potential correlation between the same radiochemical purity values and ra-

dioactivity concentration [5].

This study refers to the DTPA, HDP and Myoview preparations. For the other
three types of preparations, given the limited statistics, it is not possible to put

forward similar assessments.

3. Results

No values outside of the specifications were identified and they were routinely
administered to patients. Table 2 show maximum, minimum and median radi-
ochemical purity values for DTPA, HDP, Myoview and Maasol preparations and

all radiochemical purity values observed for Ceretec and Nanocoll.

3.1. Analysis of Trends over Time for Radiochemical Purity
Values

Figures 1-3 show the trends as a function of time for radiochemical purity val-
ues, for the period under examination. For the simple moving average, the pe-
riod for the trendline is equal to 5. The charts included are for DTPA, HDP and
Myoview. For the remaining three kits, the limited number of preparations

completed makes any analysis of trends over time impossible. For Maasol, Cere-
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Table 2. Maximum, minimum and median radiochemical purity values for DTPA, HDP,
Myoview and Maasol preparations. All values are provided for Ceretec and Nanocoll due

to low clinical use of both radiopharmaceuticals in CDI S.p.A.’s nuclear medicine unit.

DTPA HDP Myoview Maasol Ceretec Nanocoll
Min 95.0% 95.0% 90.5% 95.5%
95.6%; 98.2%;
Max 99.2% 99.2% 98.8% 99.0% 96.0%; 97.4%
99.9%; 98.6%
Median 96.5% 96.2% 96.1% 98.6%
Legal limit 95.0% 95.0% 90.0% 95.0% 95.0% 95.0%
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Figure 1. Trend over time for the radiochemical purity of DTPA—Tc99m Pentetate In-
jection.
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Figure 2. Trend over time for the radiochemical purity of HDP—Tc99m Oxidronate.

tec and Nanocoll, it can be merely noted that no values outside of the quality
specifications were found during the analytical controls.

As can be seen from the charts, it is not possible to identify any specific trends
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over time during the observation period.

3.2. Study of the Correlation between Total Radioactivity and
Radiochemical Purity

The following Figures 4-6 show, for DTPA, HDP and Myoview radiopharma-
ceuticals, the distribution of radiochemical purity in relation to the total radioac-
tivity content of the bulk.

The charts also contain the linear interpolation parameters and the values of
the correlation index (R) squared. (The radioactivity data has been adjusted to
the values used in standard clinical practice.).

As shown, there is no correlation between the variation in the radiochemical

purity values and the radioactivity content of the bulk. Therefore, it is possible to
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Figure 3. Trend over time for the radiochemical purity of Myoview—Tc99m Tetrofosmin
for Injection.
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Figure 4. Chart of the correlation between total radioactivity and radiochemical purity of
DTPA—Tc99m Pentetate Injection.
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Figure 5. Chart of the correlation between total radioactivity and radiochemical purity of
HDP—Tc99m Oxidronate and.
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Figure 6. Chart of the correlation between total radioactivity and radiochemical purity of
Myoview—Tc99m Tetrofosmin for Injection.

rule out that the percentage of radiochemical purity might decrease with in-
creased radioactivity levels, at least for the radioactivity intervals contained in

the preparations created at CDI S.p.A.’s nuclear medicine hot lab.

3.3. Study of the Correlation between Radioactivity Concentration
and Radiochemical Purity

The following charts show, for DTPA, HDP and Myoview radiopharmaceuticals,

the distribution of radiochemical purity in relation the radioactivity concentra-
tion (MBq/ml) of the bulk preparation.

The charts also contain the linear interpolation parameters and the values of
the correlation index (R) squared (Figure 7).

As clearly shown by the charts, the values of radiochemical purity do not cor-
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relate with the radioactivity concentration levels of the preparation. Therefore, it
is possible to rule out that the percentage of radiochemical purity might decrease
with increased radioactivity concentration, at least for the radioactivity intervals
contained in the preparations created at CDI S.p.A.’s nuclear medicine hot lab
(Figures 7-9). (The radioactivity concentration data has been adjusted to the
values used in standard clinical practice.).

4. Discussion

The data shows that it is not possible to identify specific trends over time ap-
parently related to manual skill workers.
Furthermore, this parameter is independent of the radioactivity concentration

of the final preparation and the total radioactivity levels. The frequency of quality
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Figure 7. Chart of the correlation between the radioactivity concentration of the solu-
tions and radiochemical purity of DTPA—Tc99m Pentetate Injection.
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Figure 8. Chart of the correlation between the radioactivity concentration of the solu-
tions and radiochemical purity of HDP—Tc99m Oxidronate.
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Figure 9. Charts of the correlation between the radioactivity concentration of the solu-
tions and radiochemical purity of Myoview—Tc99m Tetrofosmin for Injection.

controls proposed by the Italian regulatory framework and by Pharmeuropa Vol.
26 No. 2-5.19 Extemporaneous preparation of radiopharmaceutical preparations
seems excessive in centers that comply with the highest quality standards. More
specifically, such centers are those where the preparations are completed in
grade A isolators (Annex 1—EU Guide to Good Manufacturing Practice [6]),
based on standard operating procedures, and strictly complying with the prepa-
ration instructions provided by the kit supplier, which is authorized to market
these products by EU regulatory bodies and which uses marking and fractionat-
ing procedures for radiopharmaceuticals that are validated using media fill both
initially and at regular intervals.

The data reported herein has been obtained after a year of controls performed
regularly on all the preparations.

Given such initial statistical information and the working conditions, it may
be considered to apply the concept of parametric release, in compliance with the
PIC/S document entitled “Recommendation on Guidance on Parametric Re-
lease—Appendix 2” [4].

This would result in considerable savings in the solvents and consumables
needed to perform quality controls (estimated at around 78%) [7].

In addition, reduced control frequency means a reduction in the extremity
doses operators are exposed to during quality controls [8] [9].
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