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HIGHLIGHTS

o  P™c-cAbVCAMI1-5 is a new experimental radiotracer targeting a marker of inflammation
found in vulnerable atheromatous plaques in cardiac diseases.

e In order to complete an investigational medicinal product dossier, a validation of the
analytical method New—radietracer—reguires—validation—of—analytical—+methed to assess
radiochemical purity by HPLC and TLC is required.

e Specificity, accuracy, repeatability and intermediate precision, linearity, robustness,
guantification limit (LoQ), and range criteria were assessed for HPLC and TLC method.

e The results developed in this study show that the analytical method is particularly suitable
for assessing the radiochemical purity of " Tc-cAbVCAM1-5 in our laboratory.

ABSTRACT

Cardiovascular diseases, including fatal myocardial infarctions from atheromatous plaques, are the
primary global mortality cause. Detecting stenotic atheromatous plaques is possible through
coronary angiography, but vulnerable plaques with eccentric remodeling are undetectable with
current diagnostic methods. Addressing this challenge, our group developed a radiopharmaceutical
drug targeting Mvascular €cell Aadhesion Mmolecule 1 (VCAM-1), radiolabeled with technetium-99m.
Given the absence of a monograph in the European Pharmacopoeia, and in order to draft the
investigational medicinal product documentation, analytical methods had to be validated by Hhigh
Pperformance tliquid €chromatography (HPLC) and Fthin klayer €chromatography (TLC) to
determine the radiochemical purity (RCP) of ®™Tc-cAbVCAM1-5. This study therefore presents the
results of the validation of analytical methods obtained in this context. The method validation
followed the European Association of Nuclear Medicine (EANM) recommendations adapted from ICH
Q2(R1), ensuring conformity with specificity, accuracy, repeatability and intermediate precision,
linearity, robustness, quantification limit (LoQ), and range criteria. Regarding the results of
specificity, both HPLC and TLC methods demonstrated excellent separation of *™Tc-cAbVCAM1-5
from impurities *™TcO4 . Accuracy results indicated recovery percentages within the range of 99.52
to 101.40 % for the HPLC and 99.51 to 101.97 % for TLC, ensuring reliable measurements for each
concentration of *™TcO,. Precision of the methods was validated by assessing repeatability and
intermediate precision. Linearity was determined over the usual concentrations range and the
correlation coefficient was greater than 0.99 for both methods. The limit of quantification was
measured by diluting the **"TcO, to obtain a signal-to-noise ratio of around 10:1. Under these


mailto:jleenhardt@chu-grenoble.fr

47
48
49
50
51

52
53
54

55

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

conditions, we obtained an LOQ of 2.10 MBqg/mL for HPLC and 2Mbg/mL for TLC. In conclusion, the
analytical methods developed in this study comply with EANM recommendations. This therefore
allows us to correctly assess the radiochemical purity of *™Tc-cAbVCAM1-5, a new radiotracer
targeting inflammation in vulnerable plaques.

Keywords: High performance liquid chromatograph, method validation, radiopharmaceuticals,
radiochemical purity, single domain antibody, thin layer chromatography, methed—validation,

ool icals radiochemicalpurity, single-domain antibody.

1. Introduction

Cardiovascular diseases, particularly coronary artery disease, are the leading cause of death
worldwide[1]. Atherosclerosis represents a global health challenge and the management of this
disease is essential to prevent the risk of acute cardiovascular events[2]. Atheromatous plaques are
lesions developed within the arterial wall. When they occur in the coronary arteries, they can lead to
the formation of occlusive thrombus, which are responsible for myocardial infarction. Stenotic
atheromatous plaques can be detected by coronary angiography because they affect the artery
lumen. However, this is not the case for vulnerable plaques with eccentric remodelling which are
usually associated with intense inflammatory phenomena but do not affect the lumen of the artery.
In practice, 60 to 70% of myocardial infarctions are caused by the rupture of vulnerable plaque.
However, no current diagnostic technique can effectively detect this type of plaque[3,4]. In this
context our group has developed an anti-VCAM-1 single domain antibody (sdAb) radiolabeled with
technetium-99m targeting a marker of inflammation: the Mvascular €cell Aadhesion Mmolecule 1
(VCAM-1) whose expression is restricted to inflamed plaque. This has been validated in preclinical
studies, and it could allow a non-invasive diagnosis by imaging of vulnerable plaque[5,6]. In addition
to its clinical innovationess, this novel radiotracer is distinctinctive in its vector (sdAb). There are only
a few sdAb in clinical nuclear imaging, with the majority of them being radiolabelled with gallium-68.
The only sdAb radiolabelled with 99mTc using the tricarbonyl method is an anti PD-L1 sdAb intended
for patients with non-small cell lung cancer[7]. In the case of radiopharmaceuticals, a wide range of
tests must be implemented in order to assess the quality of the final product and ultimately to
release production batches [8-11]. Radiochemical purity (RCP) is one of the most crucial assays,
defined as the ratio (in percentage) between the radioactivity of the radionuclide as a
radiopharmaceutical and the total radioactivity of that nuclide in the pharmaceutical preparation
(radiopharmaceutical + impurities) [10,12]. It is important to ascertain the proportion of these
radiochemical impurities that are likely to be present or to appear in a preparation, because they
lead to additional irradiation of the patient and, in particular, to impaired imaging that can have an
impact on the diagnosis. Most of the time, this RCP evaluation is performed using analytical
separation techniques such as thin layer chromatography or liquid chromatography. Analytical
methods must be validated before being used in routine quality control procedures. The aim of
validation is to ensure that methods are suitable for their intended use[13]. In order to obtain the
agreement of the French national agency for medicines and health products to carry out a clinical
study evaluating *"Tc-cAbVCAM1-5 as a new radiotracer, we-needed-te-fil we had to complete an
linvestigational Mmedicinal Rproduct Bdossier (IMPD). Part of this IMPD is intended for analytical

methods validation in order to determine the RCP by High—Perfermance—Liquid-Chromatography
{HPLC} and Fhintayer—Chromatography {TLC), given the innovative nature of this drug and the

absence of monograph available in the European pharmacopoeia. The guidelines published by the
International Conference on Harmonization of Technical Requirements for Registration of
Pharmaceuticals for Human Use (ICH) are not fully adapted to radiopharmaceuticals, resulting in a
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significant disparity in previously published studies on the same subject[14—18]. The aim of this work
is to describe and validate the analytical method for determining the RCP of the radiolabeled **™Tc-
cAbVCAM1-5 by HPLC and TLC according to the European Association of Nuclear Medicine (EANM)
recommendations. [9,13]

2. Materials and Methods
2.1.Reagents and Equipment

cAbVCAM1-5, the sdAb used for radiolabeling, was provided by PX'Therapeutics (France). Reagent kit
for ®™Tc tricarbonyl core synthesis was supplied by ERAS Labo (France). NAP 10 purification column
was obtained from GE Healthcare. **™Tc eluate was provided by a *’Mo / **™Tc generator (Tekcis®
Curium, France).

Analytical HPLC was carried out using column eluting with a pump and UV detector Shimatzu LC-
20AD (Kyoto, Japan) coupled with the radio detector Flow-Ram (Lablogic,Brandon, FL, USA) and
controlled by the software Laura (edition 4 spl, Lablogic, Brandon, FL, USA). Flow-Ram is a Nal
detector, and the parameters for this analytical method were as follows: 850 V for photomultiplier
voltage and tubing of 0.018 cm? for liquid scintillation flow cell volume.

The HPLC system was equipped with a Symmetry 300 C4 (Waters, 150*4.6mm, 5um). Concerning the
UV detection, the samples were monitored with a UV detector at 200 nm and the column
temperature was around 20 °C. The solvents used were (A) ultra-pure water + 0.1 % trifluoroacetic
acid (TFA) and (B) acetonitrile/H,0 (90:10 ; v/v) + 0.1 % TFA. TFA was purchased from Sigma Aldrich
(HPLC > 99%) and acetonitrile from VWR (HPLC—super gradient Reagent Eur. Ph). The flow rate of
the mobile phase was set at 1 mL/min, with a total run of 30 minutes. The following gradient was
used upon HPLC analysis: 0—5 min 95% A, 5—-20 min 95% A to 40% A, 20-25 min 40% A, 25-30 min
40% A to 95% A. The HPLC injection volume was 20 pL.

The retention time (Rt) of *™Tc-cAbVCAM1-5 is 18.93 minutes, while the impurities **™TcO4- and
PMTc-tricarbonyl have a retention time corresponding to the dead volume of the column, i.e. Rt=
2.20 minutes.

Analytical TLC was carried out using the radio detector Scan-Ram (Lablogic, Brandon, FL, USA) and
instant thin layer chromatography impregnated with a silicic acid (ITLC SA) strips (1 x 10 mm). Scan-
Ram is a plastic scintillation detector, and the parameters for this analytical method were as follows:
820 V for photomultiplier voltage and collimator of 3 mm. The mobile phase was composed of
sodium chloride 0.9%. The volume of sample deposited on the strip was 5 pL.

PMTc-cAbVCAM1-5 remains at the baseline, i.e, a retardation factor (Rf) between 0.0 and 0.3 and
PmTc0, and " Tc-tricarbonyl (impurities) migrates with the solvent, i.e, a Rf between 0.6 and 1.0.

2.2.Synthesis development:

The experimental radiopharmaceutical was produced in a specific radiopharmacy laboratory in a
class A high-energy shielded enclosure. cAbVCAM1-5 labeling with **™Tc was performed as previously
described [5]. Firstly, 900uL of Na**"TcO, (2.5-3 GBq) was injected into the precursor vial from the
P™Tc CORE core Ftricarbonyl. The vial was incubated at 100°C in a water bath (Stuart™) during 20
minutes. After neutralization with HCl 1 M (200 puL), 77 pL (100 pg) of sdAb was injected in the vial
and heated for 45 minutes at 75°C. After the end of the heating *™Tc-cAbVCAM1-5 was purified on a
NAP 10 column and diluted to obtain a final concentration around 200 MBg/mL + 10 %. Finally, the
last stage allowed for the sterilizing filtration of the final product through 0.22 um filters (Pall
medical).
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2.3.Validation of the analytical method for radiochemical identity

As there are no stable isotopes available for technetium, we used the “cold” (non-radiolabelled) sdAb
cAbVCAM1-5 as a reference to assess the radiochemical identity of the experimental
radiopharmaceutical. Validation of ¥mTc-cAbVCAM1-5 radiochemical identity was performed by
determining Rt of the radioactive product and of the “cold” reference standard (UV). Both must have
identical Rt with an 5 % margin of error as the UV and radioactivity detector are generally connected
in line [13]. The delay time between the non-radioactive reference standard and the radioactivity
detector was determined and represented 0.1 min.

2.4.Validation of analytical method — Radiochemical purity

The validation of the analytical method for the determination of **"Tc-cAbVCAM1-5 RCP was carried
out according to the EANM Gguidelines [13], the ICH Q2 guidelines [19] and the guide for the
elaboration of monographs on radiopharmaceutical preparations [9].

2.4.1. Specificity

Specificity confirmed the ability of the analytical method to provide an unequivocal evaluation of the
active substance in the presence impurities that could be found in the final product. For this purpose,
we evaluated the Rt for HPLC and the Rf for TLC of the main substance (*"Tc-cAbVCAM1-5) and of
the impurities (free *™TcO, and ®™Tc-tricarbonyl) three times. As the two impurities had the same
retention time and retardation factor, we used the **™TcO, impurity for this analyse analysis. The
(Rt2—Rt1)

specificity was thus evaluated by calculating the resolution: Rsyp;c = 2 X W2TWD)

and Rsp e = 2 X

(Rf2—Rf1)
(W2+W1)

HPLC and TLC.

(W represented the peak width to baseline). Rs should be higher than 2 for both methods,

2.4.2. Accuracy

f 99m. f 99m

Four samples o Tc-cAbVCAM1-5 were spiked with known amounts o TcO,4 impurity and the
exact *"TcO, content was assessed. Standard radio TLC and HPLC analysis were performed on each
sample. Each sample were analysed twice and the average *™TcO, was used to determine:

- Recovered RCP (= 100 — (% measured free 99mTc04—).
- Theoretical RCP (= RCP orlglnal*(loo—("/i(?;ided free 99mTc04-)
radiochemical purity of the original sample)

) (with  RCP original =

(recovered RCP)

- Percentage recovery according the following formula: (% recovery =
8 Y 8 & ( % y (theoretical RCP)

100)

The considered acceptable recovery criteria was in the 90-110 % [13].

2.4.3. Repeatability and intermediate precision
Repeatability:

Six TLC plates and six HPLC runs of the same sample produced by one *"Tc-cAbVCAM1-5 synthesis
were used to determine the precision of the method. For each chromatogram obtained, we
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integrated the peaks corresponding to *™Tc-cAbVCAM1-5 and impurities to obtain the Rf or Rt and
the RCP. Standard deviation (SD) and coefficient of variation (CV) values were calculated.

Intermediate precision:

A same sample of ®™Tc-cAbVCAM1-5 was analysed by three different operators three times. For TLC,

each operator had to deposit the sample, place the strip in the development tank, scan the plate and
finally evaluate the radiochromatogram. For HPLC, each analyst had to inject the sample and analyse
the radiochromatogram. For each chromatogram obtained, we integrated the peaks corresponding
to ®™Tc-cAbVCAM1-5 and impurities to obtain the Rf or Rt and the RCP. SD and CV values were
calculated.

2.4.4. Linearity

In order to assess linearity, we used the statistical function of linear regression with the least squares
method. The equation of the curve and the correlation coefficient were calculated according to the
equation y = ax + b, where y is the area under the peak curve of the active substance expressed in
count per second (cps) ; a is the slope of the line, x is the volumetric radioactive activity of our
sample expressed in MBg/mL and b the intersection of the line with the y-axis. Given the relatively
short half-life of technetium-99m, we considered that the radioactive decay of the tracer was
sufficient to assess linearity. To achieve this, we injected the sample of **™Tc-cAbVCAM1-5 in HPLC or
deposited it on a strip for TLC method, at different time over a period of 8 hours. The correlation
between the radioactive concentration and the area of the main peak was then evaluated and the
correlation coefficient (R?) calculated.

2.4.5. Robustness

The assessment of robustness measures the ability of the method to remain unaffected by small but
deliberate variations in the parameters of the method and gives an indication of its reliability during
normal use.

Two variations of methods were used to evaluate this parameter in HPLC:

- Condition A : samples were injected with a different column for HPLC (Column C18)
- Condition B : HPLC mobile phase modification :
o (A) ultra-pure water + 0.1% trifluoroacetic acid (TFA)
o (B) acetonitrile + 0.1 % TFA instead of acetonitrile/H20 (90:10 ; v/v) + 0.1 % TFA

To evaluate this parameter in TLC, we performed 2 different conditions

- Condition A : Modification of the migration strip, ITLC impregnated with a silica gel (ITLC SG)
instead of ITLC SA (with silicic acid).
- Condition B : Using NaCl 20 % instead of NaCl 0.9 % as the mobile phase

For each method and each condition we evaluated the Rt and the Rf and the RCP of *™Tc-
cAbVCAM1-5

2.4.6. Limit of quantification

The quantification limit (LOQ) was determined using the signal-to-noise ratio approach, where
known low concentrations of free technetium (*™TcO,) impurity were compared to the background
noise. A signal-to-noise ratio of 10:1 was used to assess the quantification limit. We prepared
samples of 1% to 10 % of the final activity, which was usually around 200 MBg/mL, and injected each
dilution twice in the HPLC and three times in the TLC.
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2.4.7. Range

The applicable measurement range was defined based on the assessment of linearity and limit of
qguantification. The upper activity limit is determined by the intrinsic characteristics of detector
response, which is known to be linear provided that deadtime does not exceed 5 % [13].

3. Results and discussion:
3.1.Validation of the analytical method: Radiochemical identity:

The radiochemical identity test confirmed that the Rt of the major peak of the radioactive product
(**™Tc-cAbVCAM1-5) matched with the Rt of the cold reference standard (cAbVCAM1-5) (figure 1).
This test could only be performed using HPLC method. Under the HPLC analytical conditions
described above, we found a difference of 0.68 minutes (corresponding to 96.41 % of the radiotracer
retention time). The difference between retention times was therefore no more than 5 %. We could
imagine that this retention time would be even closer if it were possible to obtain stable technetium,
which was not possible here.

3.2.Validation of the analytical Method (TLC and HPLC): Radiochemical purity

3.2.1. Specificity

The specificity of the analytical method was assessed by comparing the retention times of *"Tc-
cAbVCAM1-5 (radiotracer) and the potential impurities found: free **™TcO,". The resolution between

the impurities and the ®"Tc-cAbVCAM1-5 peak was Rsypc = 2 X S\Z;S\:g = 45.01 (Table 1). As this

value was well above the reference, we can conclude that this HPLC analysis method was specific for
correctly separating potential impurities from the radiotracer peak. For the TLC method, the

resolution between the *™TcO, impurity and the *"Tc-cAbVCAM1-5 peak was Rspic = 2 X
(Rf2—Rf1)
(W2+W1)
we can conclude that the thin layer chromatography system is perfectly suitable for separating

impurities from the investigational radiopharmaceutical.

=12.73 (Table 1). This result meets the acceptance criteria (Rs > 2) and therefore once again

3.2.2. Accuracy

For this test, it is essential to prepare the samples carefully to ensure precision. To achieve this,
accurate pipetting and radioactivity measurement must be carried out as precisely as possible.
Recovery percentages were determined using the calculated and theoretical RCP for each sample.
The results were conclusive for HPLC method (Table 2), with values ranging from 99.52 to 101.40 %,
well within the specifications (i.e. between 90 and 110 %). For the TLC detector, the range of
recovery percentage values was 99.51 % to 101.97 % (Table 2), which complied equally with the
specifications. This method can be used when the main radioactive impurity is known. This is the
case here with the ®™Tc0O4- impurity, which is usually found during technetium-99m radiolabelling. It
is particularly interesting to highlight that the possibility of combining the HPLC method with the TLC
method confirms the absence of adsorption of impurities in the HPLC system. Similar results were
found for the two analytical methods for the spike recovery analysis, confirming the accuracy of the
measurement.
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3.2.3. Repeatability and intermediate precision

The precision of the radio detector was determined by repeatability and intermediate precision.

The results obtained in table 3 concerning the retention time of the *"Tc-cAbVCAM1-5 product and
the RCP were consistent for repeatability and intermediate precision with coefficients of variation of
less than 2 %. The HPLC analytical method therefore allows the generation of repeatable results for
the assessment of Rt of compounds and PRC. The precision of the TLC method was also assessed by
repeatability and intermediate fidelity. The results obtained (table 3) were consistent with the
specifications for radiochemical purity, since the coefficients of variation for repeatability and
intermediate precision were below 2%. With regard to the retention factor, the CVs were greater
than 2% for both conditions. This may be due to a non-reproducible strip migration time or different
strip sizes. However, this does not affect the determination of the RCP, as the resolution remained
well above 2. Under these conditions, we have concluded that the analytical method by TLC allows us
to generate precise results for evaluating the RCP. It is interesting to underline that the intermediate
precision test is perfectly suited to assessing the precision of results obtained with 3 different
operators, since in HPLC method the compound is manually injected into the system, and in TLC
method there may be differences in sample handling (sample removal, migration of the plate in the
tank, or TLC plate development on the radiochromatograph).

3.2.4. Llinearity

The linearity of HPLC and TLC radiodetectors has been validated by injecting or depositing the sample
several fold (decreasing with time). Knowing the initial volume concentration, we can calculate the
theoretical volume concentration at different times. We then evaluated the correlation between the
area under the curve of the peak of interest and the volume concentration of the sample tested.
Under these conditions, the linear regression line enabled us to determine the linear correlation
coefficient, which was equal to R? = 0.995 for the HPLC method and R? = 0.998 for the TLC method
(figure 2). For both methods, the linearity of radioactivity measurement systems were well
demonstrated. A-dilution-method-wasalso-usedbutthe gualityand reproducibility of the pipetting

99m-deeay--A dilution method was also used, but the quality and reproducibility of pipetting lead to
an additional bias. For this reason, we validated the assay by simple technetium-99m decay, as
recommended by the EANM guideline[13].

3.2.5. Robustness

To assess the robustness of our HPLC method, we first changed chromatographic column. We used a
C18 column instead of the C4 column generally selected. In this case, the retention time was reduced
(18.48 + 0.01 min). The profile of the chromatogram obtained was also modified, with a broad peak
that dropped off slowly. We also observed increased retention within the column because the
intensity of the peak was lower than that normally observed. For the second condition, we modified
the mobile phase by increasing the proportion of organic solvent. In this case we obtained a
chromatogram with a shorter retention time for the **Tc-cABVCAM1-5 peak than usually found
(17.88 = 0.01 min), which was consistent with the increase of the acetonitrile proportion. For each of
the two conditions, the PRE RCP assessment was not affected (98.81 + 0.11 % for condition A and
99.68 + 0.08 % for condition B) with a CV of 0.08 % and 0.11 % for conditions A and B.

To assess the robustness of the TLC method, we first used a glass microfiber chromatography paper
impregnated with a silica gel (ITLC-SG) instead of glass microfiber chromatography paper
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impregnated with a silicic acid (ITLC-SA) usually used. Switching to a different strip (ITLC SG instead of
ITLC SA) did not affect the retardation factor of the radiotracer peak (0.09 £ 0.03), or the assessment
of RCP (97.37 £ 0.13 %).For the second condition, modification of the mobile phase (20% NaCl
instead of 0.9% NaCl) did not alter the retention factor of the peak of interest (0.13 + 0.03), nor did it
affect the PRC evaluation (99.29 + 0.22 %). For each of the conditions tested and in both methods,
the CV obtained for PRC assessment were less than 2%. (HPLC conditions A: CV= 0.08 % and
condition B: CV=0.11 % ; TLC condition A: CV= 0.13 % and condition B: CV= 0.23 %). These results
confirm the robustness and reliability of the two analytical methods developed.

Even though robustness assessment is not listed in the EANM recommendation. We nevertheless
decided to evaluate this parameter as recommended in the guide for the elaboration of monographs
on radiopharmaceuticals preparation[9].

3.2.6. Limit of quantification

The limit of quantification was measured by diluting a sample of *"TcO, until a signal-to-noise ratio
of around 10:1 was obtained. We obtained a LOQ for the HPLC method of 2.10 MBg/mL (S/N=
11.5:1) and 2.0 MBg/mL (S/N 7.1:1) for the TLC method. These values correspond to approximately 1
% of the usual radioactive volumetric activity. Linear regression of the integrated peak areas
obtained against the calculated radioactive concentration gave a correlation coefficient of 0.998 for
the HPLC method and 0.996 for the TLC method. This also confirmed the linearity of the two
radiodetectors for low and even very low radioactive concentrations. Both linear regressions are
shown in figures 3.

3.2.7. Range

The validated analysis range was between the value found for the LOQ (2.1 MBg/ miL for the HPLC
method and 2.0 MBg/miL for the TLC method) and the high value of the linearity test (202.0 MBg/mL
for HPLC method and 228 MBg/mL for TLC method). This range was selected to meet the validation
guidelines by EDQM and our synthesis specification. Table 4 is a summary of the results obtained for
the HPLC and the TLC methods concerning the analytical validation of the RCP of *™Tc-cAbVCAM1-5.
The results obtained are consistent with the specifications for all the parameters except for the
assessment of the retardation factor of the main peak in TLC method for both repeatability and
intermediate precision. However, this does not affect the evaluation of the RCP because the
specificity for each analysis was always optimal (Rs > 2).

4. Conclusion

Analytical method validation for radiopharmaceuticals is very specific and requires adaptation of the
ICH Q2 recommendations. This manuscript describes the validation of an HPLC and TLC method for
determining the radiochemical purity of the investigational radiopharmaceutical **"Tc-cAbVCAM1-5.
In accordance with EANM and European Pharmacopoeia recommendations, we validated the
parameters of specificity, accuracy, linearity, precision with repeatability and intermediate precision,
limit of quantification, robustness and range for each of the two methods (TLC method and HPLC
method). The advantage of this study is the ability to validate the analytical methods using liquid and
solid chromatography (independent and complementary methods), thereby confirming the results
obtained and avoiding any problems with the adsorption of radioactive impurities on the HPLC
column. This therefore allows us to correctly assess the radiochemical purity of " Tc-cAbVCAM1-5, a
new radiotracer targeting inflammation in vulnerable plaques. Partly thanks to this work, the French
national agency for the safety of medicines and health products was able to validate the IMPD for
this experimental radiopharmaceutical, enabling a phase I-lla clinical trial to be carried out
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(NCT04483167). In addition, this manuscript may be of future use to teams wishing to validate their
analytical method for assessing the radiochemical purity of new radiopharmaceutical drugs under
development.
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