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‘“Regulatory Submission Work’ (RSW).
A Package Designed by GE Healthcare
to Serve the Carbon-14 Human
ADME Study Market

Philip Wilde, Jeremy McDermott, Nigel Smith, Anthony
Rees, Gordon Reid,
GE Healthcare (formerly Amersham), Cardiff, UK

GE Healthcare (formerly Amersham) has been manufac-
turing organic compounds labelled with tritium and carbon-
14 since the 1950s. In the early days both tritium and carbon-
14 compounds were made for and sold via a catalogue opera-
tion. This still continues today. In the 1970s a custom
contract business for both tritium and carbon-14 labelled
compounds was launched to meet the market needs of
worldwide pharmaceutical and agrochemical companies.
Carbon-14 organic compounds have been used in human
ADME studies for a number of years. Until recently, most
companies were content to have them made under the same
manufacturing conditions as the carbon-14 compound
destined for pre-clinical studies. However, that view has now
changed amongst some companies. What has precipitated
that change?

In 2000 the International Conference on Harmonisation
(ICH) guidelines on ‘“Good Manufacturing Practice for
Active Pharmaceutical Ingredients” were first recommend-
ed for adoption to the regulatory bodies of the European
Union, Japan and the USA. In particular, within these
guidelines, section 19 described “APIs for Use in Clinical
Trials” giving guidance on the manufacture of a new API for
investigational use during its development. More recently,
in Europe from 1 May 2004 ‘“The European Clinical Trials
Directive” has been implemented with the particular aim of
protecting human subjects participating in clinical trials, and
especially, minors and adults incapable of giving informed
consent. GE Healthcare took the view that these documents
would be expected to lead to greater standardisation of best
practise in the manufacture of APIs and APIs for investiga-
tional use in humans. However, with regard to the radiosyn-
thesis of carbon-14 labelled compounds for human ADME
studies, the reality of the situation would appear to be a
divergence in interpretation of the papers rather than a
standardisation.

For example, at least one major pharmaceutical company
has started the building of a cGMP compliant lab for the



manufacture of carbon-14 labelled compounds for human
study work whilst a number of other companies continue to
synthesise carbon-14 material without any additional
controls. In the latter case, material is heavily diluted with
GMP grade inactive material followed by aseptic formula-
tion and administration. However, an increasing number of
companies have been wanting to take a middle road
approach. Partly in response to and partly in anticipation of
the middle road market need, GE Healthcare started to
develop ‘“‘Regulatory Submission Work’ (RSW) as a market
offering 2 years ago.

GE Healthcare “Regulatory Submission Work™ is based
on a standard manufacturing package but with the flexibility
to offer optional extras tailored to individual customer needs.
This involves extensive discussions on additional manufac-
turing controls, prior to order placement. In many cases it
also involves a customer audit of our manufacturing facility.
Although the package follows the concepts of GMP it is not
full GMP nor has the package been accredited by any nation-
al agency or authority. In particular, where RSW differs
markedly from traditional GMP is in the following:

(1) The airflow systems in use in GE Healthcare laboratories
have only a basic particulate filtration system and the air
is introduced via a plenum and removed through fume
hoods by an extract system. The airflows are designed to
protect the operator from the chemical and radiological
hazard posed by the compound and not the compound
from the operator.

(2) Quality Control is not independent of manufacturing
although Quality Assurance is. In addition, although au-
dit of the work undertaken to make the final product is by
QA, it is not performed by a certified Qualified Person.

(3) The computer systems which support the manufacturing

operation are not CFR21 Part 11 compliant.
In addition, it should be remembered that the preparation
of carbon-14 materials for human ADME work is usually
a one-off process and so the embracing of change control
and process validation, as in traditional GMP, is often not
relevant or possible.

The GE Healthcare standard RSW package is based both
upon manufacture certified to 1S09001:2000 granted in
January 2001 (this certification also applies to carbon-14
compounds manufactured for non-human work) plus
additional controls detailed in a comprehensive SOP dedicat-
ed to RSW work. In particular, the additional controls
embrace the good practices of GMP which are not required
in the traditional manufacture of carbon-14 compounds for

non-human use. These include a number of additional
controls to limit cross contamination of the material includ-
ing extensive clean down of working and support fume
hoods followed by checking and sign-off, extra verification
of chemicals used in the synthesis, greater segregation of the
manufacturing process, more frequent accuracy checking of
measurement equipment and independent audit of the
manufacturing work undertaken, amongst others.

The GE Healthcare optional extras RSW package, that
backs up the standard package, is based upon additional
controls that are dictated by the customer and captured as
part of the contract of manufacture. Some examples could be
raw materials analysis by IR and/or MS and/or NMR, new
preparative HPLC columns, critical stage QA audit, copy of
the laboratory file raw data and experimental write-up,
inactive validation synthesis in advance of the carbon-14
synthesis, amongst others.

There are four particularly major issues that must be
clearly agreed before the contract of manufacture is ideally
finalised and certainly before the manufacturing work
commences. These four points are important because they
often have major bearing on cost and/or timelines to do the
work. The four are:

(1) The stage of the synthesis at which RSW is to commence
In general GE Healthcare customers have so far tended
to choose the point at which their own synthesis proce-
dures have commenced. This is not exclusively the case
and it will depend on how many stages the synthesis has
and how many stages there are in making the carbon-14
labelled intermediate which becomes the starting
material in the customer synthesis.

(2) Preparation of facilities
Although GE Healthcare will perform an extensive
clean down of working and support enclosures followed
by checking and sign-off, if the customer has their own
clean down protocol and/or validation procedure that
they would like implemented, then this needs to be
agreed beforehand.

(3) Quality Control
Customer Quality Control procedures can be extensive
and complex, requiring significant amounts of carbon-
14 which must be allowed for at the outset of the carbon-
14 synthesis.

(4) Optional extras
Any optional extras required, as outlined above, must
be agreed in advance.

A visit by the customer including an audit is an excellent



starting point for the commencement discussion on the four
major points outlined above and any other issues that the
customer wishes to raise.

In summary, as a major supplier to the pharmaceutical
industry, it is the responsibility of GE Healthcare to provide
the market with the goods and services that the market
requires. With such a seemingly wide divergence in the
market specifications for carbon-14 compounds manufac-
tured for human use, GE Healthcare has developed a stan-
dard package to present to customers backed up with option-
al extras that can be agreed as necessary. As time moves on,
we expect that the more commonly requested optional
extras will become part of the standard package and hence
that the ‘“Regulatory Submission Work™ offering will
further evolve.

MICRODOSING TECHNIQUES IN
EXPLORATORY DEVELOPMENT

Colin W. Vose

Quintiles Ltd., Research Avenue South, Heriot Watt
University Research Park, Riccarton, Edinburgh EH14
4AP, UK.

Introduction

The pharmaceutical industry continues to face significant
challenges in its continuing efforts to improve efficiency..
Data from CMR International (1) in 2003 showed an average
cumulative success rate to market from the first dose to
patients of 4%, 8%, 9% and 47% respectively for CNS,
cardiovascular, anti-cancer and anti-infective drugs respec-
tively. This generally low success rate, particularly for CNS,
cardiovascular and cancer drugs probably reflects the
combined impact of the new disease modifying targets and
the requirements for improved efficacy and safety in clinical
usage of all drugs. In addition to these issues, the top 20
Pharma companies with a total R and D spend of $2 billion
launched 34 NCEs in 1980 but with a total R and D spend of
$26 billion launched 28 NCEs in 2001. has increased from $2
billion to $26 billion.

These pressures have led to increasing application of in
stlico, in vitro and in vivo PK/ADME and toxicology screen-
ing in support of drug discovery programmes, along with
early physico-chemical characterization of potential lead and
development candidates. Although this approach appears to
have reduced the contribution of inappropriate PK/ADME
to failures of drugs in clinical development, they are not
totally effective in predicting human PK/ADME (2, 3, 4)

perhaps only being good predictors of outcomes in man for
some 60% of compounds. The factors that contribute to the
limitations of such PK/ADME predictions can be where
prodrugs are under consideration, there are carrier transport
systems involved that cannot be mimicked preclinically or
atypical enzymes are involved for which in vitro reagents are
unavailable (4).

Microdosing in man

Exploratory development is responding to this challenge
with increasing use of newer techniques including microdos-
ing studies in man to aid development candidate selection. A
microdose, as defined by the CPMP guideline, is one a dose
not expected to exert any pharmacodynamic effects and
should not exceed 100 ug (5)., The use of a microdose allows
early PK/ADME studies in man to be carried out with more
limited preclinical safety evaluation compared to that
required for normal “‘First in Man”’ studies. However, the
appropriate preclinical safety requirements for such studies
continues under discussion as it was derived in part from the
ICH acute toxicity guidelines and recommendations for a
further reduction in the safety package is being suggested by
some groups (e.g. 4, 6) as indicated in the last column of
Table 1. Thus, safety evaluation by multiple routes of
administration in more than one species and in both sexes
may not be appropriate given the low does to be used in man
and the fact that such microdose studies will in most cases be
carried out in men rather than women. These challenges to
the guidelines will be of benefit in refining and reducing the
preclinical safety while ensuring the safe and ethical use of
microdose studies in man where appropriate.

It is of interest to note that the FDA is currently develop-
ing a guidance document on an extension of the exploratory
IND concept to enable drug microdoses in man with limited
safety evaluation requirements. This guidance seems likely
to overlap with that provided in the CPMP guideline and
will provide further opportunity to refine the preclinical
approach to microdose studies.

It is important to remember that a microdose study is not a
substitute for classical Phase I and Ila studies and will not
provide any pharmacodynamic data. The technique does
however offer the opportunity to support candidate selection
based on information on critical drug characteristics e.g.
pharmacokinetic and/or metabolic profile, tissue distribution
and access to target organ.



Table 1 Preclinical safety assessments for human microdosing studies compared to ICH acute dose guidelines

Safety study ICH acute dose CPMP microdose Limited safety
guidelines guidelines package*

Toxicology GLP single dose, two spe- GLP single dose, one spe- GLP single dose, one spe-
cies, two sexes with ex- cies based on in vitro cies, one sex with extended
tended observation metabolism, two sexes with observation

extended observation
Identify NOEL and dose Limit dose to 1000x clinical Limit dose to 1000x clinical
limiting toxicity dose based on allometry dose based on body surface
area
Intravenous and intended Intravenous and intended Intended clinical route only
clinical route clinical route with TK data

Genotoxicity GLP mutation and chro- Abridged GLP mutation Abridged GLP mutation
mosomal aberration studies and chromosomal and chromosomal

aberration studies aberration studies

Safety CNS, CV and respiratory CNS, CV and respiratory HERG study and broad

pharmacology studies studies receptor screen

*=Based on considerations from References 4 and 6

Analytical methods for and applications of microdose
studies

Various techniques are available for the analysis of
samples from human microdose studies. High sensitivity LC-
MS/MS or GC-MS methods for drug and/or metabolite(s)
with LLOQ values in the (LLOQ pg/ml to fg/ml range enable
bioanalysis of plasma samples following single doses of less
than 1 mg. This approach is exemplified by a study inves-
tigating the effects of ketoconazole and rifampicin on phar-
macokinetics of midazolam and its 1- and 4-hydroxy in man
using a 75 ug and 7.5 mg dose of midazolam (7). The study
showed that the pharmacokinetics of midazolam and
1-hydroxymidazolam were linear over the 100 fold dose
range and the effects of ketoconazole and rifampicin were
clearly demonstrated at both midazolam dose levels. A
comparison of the PK for 4-hydroxymidazolam was limited
by incomplete data at the lower dose due to the assay
sensitivity.

Accelerator mass spectrometry (AMS) enables high sen-
sitivity quantitation of radioactivity (LLOQ 10718 to 10-21
M), in biological samples and has been applied in phar-
macokinetic, excretion balance and metabolism studies in
man, using pCi and nCi doses of carbon-14 labelled drugs
and using microdoses (5 to 100 ug) of the drug (8, 9, 10, 11,
12). The doses of radioactivity used represent dosimetry sig-
nificantly less than 1 u4 Sievert allowing such studies without
preclinical tissue distribution dosimetry data. Metabolite

profiling can be obtained in such studies using AMS analysis
of HPLC fractions from biological samples e.g. plasma,
urine, faeces. The AMS technique can also be used in con-
junction with pharmacological doses of the drug in healthy
volunteers or patients because of the low doses of radioactiv-
ity (pCi or nCi) involved, thereby enabling PK/ADME data
and pharmacodynamic information to be obtained in one
study.

The other technique that has been used in human micro-
dose studies is positron emission tomography (PET) using 11
C or when appropriate 18F or 76Br labelled drugs (13, 14, 15).
These studies have typically used doses of 3 to 50 ug and 300
to 1200 MBq of labelled drug. PET analysis enables the
measurement of the radioactive material in blood, organs
and tissues following the administration of the drug micro-
dose.(15). This technique has been used by Bergstrom et al
(15) to evaluate the rate and extent of drug transport across
the blood-brain barrier in support of CNS drug candidate
selection as shown in Figure 1. In this example the differ-
ences in brain distribution of total radioactivity indicate the
relative penetration efficiency of the drug derived material
(drug and/or metabolites) for the drugs investigated. Clearly
brain penetration would be a critical factor in determining
the activity of a CNS active drug and therefore be of value in
development candidate selection. Similarly, this approach
allows investigations of target tissue uptake for drugs
intended for the therapeutic treatment of other diseases.



Poor penetration, extravasc. component SUV= 0.1

Figure 1. PET microdose blood-brain penetration data for different CNS development candidates (Adapted from Bergstrom et al, Eur J.

Clin. Pharmacol., 59, 357-366, 2003).

The benefits and limitations of microdosing techniques

The application of microdosing techniques, like any other
method for the investigation of drugs in man, does not
provide the answer to all questions and has benefits and limi-
tations. Thus, it is important to remember that the objective
of microdose studies is to provide key information to enable
decisions on potential lead or development candidates to be
made based on early clinical data in man.

As the different analytical methods used in microdose
studies can provide different types of information, which can
be complementary, it is essential to clearly define the critical
questions to be answered to enable selection of the most
appropriate microdose technique or techniques for the
specific compound(s) to be studied.

A microdose study in man offers the opportunity to define
the pharmacokinetics e.g. clearance, half-life, absorption of a
drug in man very early in the R and D process. If such a
study is carried out using a specific, high sensitivity LC-
MS/MS technique data on the plasma PK of the drug and if
required metabolite(s) can be provided without recourse to
radioisotope techniques. The use of carbon-14 labelled drug
in a microdose study in combination with AMS will provide
data on the absorption, PK and excretion balance of all drug
related material following drug administration, while PET
microdose studies with carbon-11 labelled drug will provide

early data on the distribution of drug-related material in
man, including evidence of the uptake into the relevant
target organs. All three techniques offer the opportunity to
obtain this early PK/ADME data in man with a reduced
requirement for preclinical safety evaluation programme and
limited amounts of drug substance e.g. gram rather than
kilogram quantities of drug. The availability of such data
early in R and D may aid selection of relevant species for
further preclinical evaluation and support the interpretation
of the relevance of the preclinical data e.g. efficacy phar-
macology already available to man and also provide informa-
tion to feed back into the research programmes.

The potential limitation for microdosing that has probably
generated the most discussion is whether the PK/ADME
data generated at microdose levels will be predictive of that
seen at pharmacologically active doses. Essentially this is an
issue of whether the PK/ADME data in man will be
sufficiently linear over a 100 to 1000 fold dose range to be of
value in discovery and early exploratory development
decision-making.

Although there are some published data showing dose
linearity for AMS microdosing with an oral oy s-adrenoceptor
drug (11), this is potentially a never ending debate in the
absence of available data. An investigation of the limitations

posed by such considerations has been in progress to



compare the PK data for a series of compounds at pharmaco-
logically active doses and microdoses using AMS with the
carbon-14 labelled compounds. The CREAM study (Consor-
tium for Resourcing and Evaluating AMS Microdosing) has
been sponsored by several pharmaceutical companies and
will provide some perspective on this aspect of the limita-
tions of the microdose technique. The results of this study
are expected in late 2004 (10), but while providing an indica-
tion of the value and limitations of such microdose data the
study will clearly not guarantee the validity of microdosing
approaches for other compounds.

Another approach to resolve such limitations is to com-
pare preclinical PK data at microdose and pharmacological
doses in a relevant animal species for the specific com-
pound(s) as part of the early preclinical evaluation to enable
the human microdose. Such an approach has been suggested
by R. M. ]J. Ings when using LC-MS/MS microdose tech-
niques (6) and by Bergstrom et al in support of human PET
microdose studies (15).

The data obtained in a microdose study using AMS and
PET reflects the PK/ADME characteristics of total radioac-
tivity as both techniques are based on the measurement of a
radioisotope e.g. carbon-14 or carbon-11. This limitation can
be resolved by linking the techniques with HPLC fractiona-
tion of the relevant biological samples e.g. plasma, urine
prior to the radioactive analysis, to provide data specifically
on drug, metabolite etc. Alternatively the radioisotope based
technique can be combined with a specific method e.g. LC-
MS/MS to generate PK data for the drug itself, metabolite(s)
and total radioactivity in parallel in the one study. Thus, a 1!
C microdose PET study combined with high sensitivity
LC-MS/MS plasma bioanalysis can reveal the relationship
between drug plasma PK, blood-brain barrier penetration,
organ and tissue uptake of drug related material in man.

As a separate issue the analytical techniques used in
microdose studies will clearly require the development of a
high sensitivity, specific bioanalytical method or an ap-
propriately radiolabelled form of the drug dependent on the
method selected. This will have implications for the time and
costs associated with carrying out a microdose study that
must be considered when designing such a strategy.

The other important consideration is that the microdose
technique does not allow the evaluation of any PK/ADME
data in conjunction with human pharmacodynamics, which
may at times limit its utility in support of decision-making as
in some circumstances evidence of the presence of the

intended mechanism of action in man may be more

important to enable decision-making for a specific NCE than
early PK data.

Conclusions

The range of techniques available for microdose studies
offers the potential to generate early PK/ADME data in man
in support of drug discovery and exploratory drug develop-
ment. There are clear concerns about the linearity of scaling
from single microdose PK data to that at pharmacologically
active doses and thus the value of microdose PK/ADME
data. However, the approach can be of value in selecting
better drug development candidates and/or providing early
feedback to the discovery projects based on data in man and
is thus worthy of further evaluation and investigation.

As with any technique, there are benefits and limitations
and careful consideration needs to be given to the specific
questions to be answered for a given NCE in order to decide
whether a microdose study will be of value and if it will, to
select the most appropriate analytical technique to support
the study. It is also important to remember that any data
obtained from a microdose study should not be considered in
isolation, but should be assessed in conjunction with data
available from other studies e.g. in vitro and/or in vivo
preclinical PK/ADME data.

The microdosing technique is an additional tool, which can
be applied to support and improve the quality of decision-
making in R and D programmes including exploratory
development. It is a technique that will continue to evolve
and develop as our understanding of its value and limitations
improves with increasing experience.
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Fig. 1. Plasma concentration-time profiles of total radioactivity measured by AMS or LSC in 4 male healthy volunteers after a single oral

administration of [1*C]-Y-700 at a dose of 20 mg.
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Table 1. Relative percent of peak area of Y-700 and metabolites between HPLC-LSC and HPLC-AMS
% in plasma % in urine % in feces
HPLC-LSC HPLC-AMS HPLC-LSC HPLC-AMS HPLC-LSC HPLC-AMS
M1 — — 15.5 16.4 29.0 23.0
Y-700 95.3 99.8 80.4* 74.5% 67.7 72.4

*Y-700 glucuronide

(0~ 168HFfH) Ukt 2 HPLC (B @i Otk : 1 mL/min) 2y
20dpm {EA L 72, BUHBEOBKRH &1 5 ATHEME DK Ei 5y i
ZORIOBEHEE A T —IV L, BEEIEEINS & TRl
NAHMAAEE 104 (A mL) IR L, #oEREHOMC &
% AMS 5 L 7= (HPLC-AMS). 753, Ny 7759V F
L LT, MstaEE HPLCICHEA L W& DB HROMC
E7RENEL, &S O%C £ (0.002 dpm/mL LAT) %
W BHIKAUC B AMS IE L TE O -REm /0
75 ANV EFig. TICR L. $/, &£ —7 (KREb&k
Y-700% LU M1) 25 56 % El &% HPLC-LSC T 5
N7=F—x & Hig L7z (Table 1). HPLC-AMS J#IZE(#i3,
HPLC-LSC ¢ &N 7-fll & 1FI1E—F L 7. HPLC & AMS
AT A LICED, R T T 7 ANV EW LMY
% ek,
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