2378-3419

International Journal of

@

Li et al. Int J Cancer Clin Res 2017, 4:082
DOI: 10.23937/2378-3419/1410082
Volume 4 | Issue 2

Open Access

Cancer and Clinical Research

RESEARCH ARTICLE

Radiolabeled APIs for the Conduct of Human ADME Studies of

Oncology Compounds

Yuexian Li*, Mihaela Plesescu and Shimoga R Prakash

Department of Drug Metabolism and Pharmacokinetics, Takeda Pharmaceuticals International Co., USA

*Corresponding author: Yuexian Li, Department of Drug Metabolism and Pharmacokinetics, Takeda Pharmaceuticals
International Co., 40 Landsdowne Street, Cambridge, MA 02139, USA, Tel: +1-617-444-1275, Fax: +1-617-444-1480,

E-mail: yuexianfrank.li@takeda.com

Abstract

Human ADME (Absorption, Distribution, Metabolism, and
Excretion) studies of new chemical entities are an import-
ant part of the drug development process. These studies
are normally performed by using a radioactive tracer (C-14
or H-3) blended with a therapeutic dose of non-radioactive
drug in about four to six subjects. The radiolabeled API (Ac-
tive Pharmaceutical Ingredient) is utilized to evaluate the
recovery and track the metabolic fate and physiological
disposition of the drug. More challenges are faced regard-
ing subject and site selection and supply of C-14 labeled
drug product when performing these studies with oncology
compounds. If the compound is suitable to study in healthy
volunteers, the strategy employed will be similar to what is
normally conducted with non-oncology compounds. But if
the compound is not suitable to study in healthy volunteers
(e.g. a cytotoxic drug), different strategies including recruit-
ment of patients and availability of pure radioactive drug
product whenever a patient becomes available for the study
must be employed. These studies generally extend over
a period of six months to a year. Because of this, stability
studies of manufactured radiolabled compound assume im-
portance. Two approaches (Microtracer-AMS (Accelerator
Mass Spectrometry) and the traditional method) used for
these studies will be described. Detailed information will be
explained by using three examples (Compounds A, B, and
C, with microtracer - AMS method in healthy volunteers, mi-
crotracer - AMS method in patients, and traditional method
in patients respectively).
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Introduction

Human ADME study (Absorption, Distribution, Me-
tabolism, and Excretion) is an important and essential

part of the drug development process. It is completed
by using a radioactive tracer (C-14 or H-3) blended with
the therapeutic dose of non-radioactive test drug. Its
objectives are to determine the route of excretion of
compound related material, identify metabolites of a
test compound, and describe the exposure of test com-
pound metabolites [1-9].

Depending on non-clinical and clinical toxicological
profiles of oncology compounds, human ADME studies
can be conducted in either healthy volunteers or oncol-
ogy patients. At Takeda, majority of the studies had to
be conducted in patients. If human ADME studies are
conducted in patients, we have to face difficult subject
recruitment, limited options of clinical sites, prepara-
tion of radioactive drug for each patient, and a longer
period of stability study for the radiolabeled API (Active
Pharmaceutical Ingredient). But if conducted in healthy
volunteers, we will have relatively easier subject re-
cruitment, more options of clinical sites, one batch
preparation of radiolabeled drug for all subjects at the
same time, and a shorter period of stability study for
the radiolabeled API.

Methods

There are two methods for human ADME studies.
Method 1 is Microtracer dose-AMS (Accelerator Mass
Spectrometry) method [2,3,10-13]. In this method, the
radioactivity per subject is normally 0.2-1.0 uCi. The
weight of radiolabeled compound per person is in ug
level. The GMP (Good Manufacturing Practices) synthe-
sis of labeled compound is generally not required. The
rat dosimetry information is also not required. But AMS
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method might be sensitive to the contamination at the
clinical site. Generally, the AMS analysis is more expen-
sive and time consuming.

Method 2 is the Traditional (GMP radiolabeled com-
pound-LSC (Liquid Scintillation Counting)) method. In
this method, radioactivity per subject is 50-100 uCi. The
weight of radiolabeled compound per person is normal-
ly in mg level. The GMP synthesis of labeled compound
is required. This method is less sensitive to the contam-
ination at the clinical site. But the tissue distribution
data in rats and dosimetry information are required.

Results

We use three examples to explain these two meth-
ods. Two examples are from the AMS method either
in healthy volunteers or patients. The third example is
from the traditional method in patients.

Example 1 was a human ADME study of Compound
A by using Microtracer-AMS method in healthy volun-
teers. Compound A is safe enough to be administered in
healthy subjects. Human dosing considerations includ-
ed 6 healthy volunteers, 0.5 uCi (32 ng) per subject, and
single oral solution dose (100 mL of citrate buffer solu-
tion per subject). The large volume (100 mL) is needed
because of its high dose. We used the ethanol solution
of [**C]-Compound A as the spiking solution for the ra-
dioactive formulation. This is because Compound A is
very soluble in ethanol. Ethanol can stabilize the radio-
labeled compound. It is also convenient for addition of a
small amount of [**C]-Compound A (32 ng) into the for-
mulation. The concentration of the spiking solution was
0.5 puCi in 0.5 mL ethanol per subject. The radioactive
formulation was prepared at the clinical site. The Clini-
cal CRO (Contract Research Organization) transfer-relat-
ed activities are summarized in Table 1.

[**C]-Compound A formulation was stable at 5 °C for

Table 1: Clinical CRO transfer-related activities.

Activity Organization
Transfer of radiolabeled formulation method  Takeda
Transfer of analytical method Takeda

CRO visit for any trouble shooting during the Takeda
mock run

24 hours plus at room temperature for 4 hours. These
stability conditions mimicked the actual clinical opera-
tions. Three different higher concentrations (2.5 puCi/mL,
5 uCi/mL, 10 pCi/mL) of solutions were prepared for the
stability study because the radiometric detector cannot
be used for the low radioactive concentration (0.5 uCi
in 100 ml of citrate buffer solution). This stability study
assumed that the stability of a radioactive formulation
should be same or even better with the lower concen-
tration. The ethanol spiking solution of [**C]-Compound
A was stable for more than a year.

Example 2 was a human ADME study of Compound
B by using Microtracer-AMS Method in patients. The
ADME Study was in patients because Compound B is
cytotoxic. This study was utilizing a single oral solu-
tion dose. Each subject was administered 0.4-0.6 uCi
[**C]-Compound B (21-37 ng API at specific activity of
16.6 uCi/mg) in 10 mL citrate buffer (pH 5.8). The spe-
cific pH (5.8) is required for a good solubility and sta-
bility. [**C]-Compound B spiking solution was prepared
by using a citrate buffer (pH 5.8) at a concentration of
0.83 uCi/mL. A higher concentrations (2 uCi/mL) of spik-
ing solution was utilized for the stability study because
0.83 uCi/mL was too low to be analyzed by a radiomet-
ric detector. [**C]-Compound B dosing solution was pre-
pared by adding the spiking solution into the Compound
B dissolved in citrate buffer (pH 5.8, 10 mL). Because
the concentration (0.06 uCi/mL) of the dosing solution
is also too low to be analyzed by radiometric detector,
three higher concentrations (10 pCi/10 mL, 15 pCi/10
mL, and 20 pCi/10 mL) were prepared for the stability
study.

Our clinical operations team, like others, always
wants to know the timelines of the radioactive APl and
formulation related activities before selection of a clini-
cal site that are summarized in Table 2. [**C]-Compound
B APl was stable only for 26 weeks at -80 °C (Table 3).

Table 2: Timelines of microtracer dose-AMS method.

Activity Time, month
Preparation of ["“C]-API 1-3
Develop and prepare spiking solution 1

Radiolabeled formulation and stability study 1-2

Generation of formulation batch records (mock CRO

Write CMC radiolabeled portion for IND 1

and real runs) Amendment
QC data and release CRO Mock run, review of batch records 1
Review of batch records Takeda Total 5-8

Table 3: Stability of ["*C]-Compound B API (16.6 uCi/mg).

Time point at -80 Chemical purity, % Largest chemical Radiochemical purity, Largest radiochemical
°C, week impurity, % % impurity, %

Initial 99.9 0.1 994 0.2

7 99.5 0.2 99.0 0.3

11 99.1 0.3 98.9 0.3

14 98.8 0.3 98.1 0.5

18 98.6 0.4 98.0 1.1

22 98.6 0.5 97.6 0.7

26 98.5 0.7 97.2 0.9
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Table 4: Stability of ['*C]-Compound B spiking solution (2 uCi/mL).

Table 7: Timelines of traditional method in APl and formulation

Time point Radiochemical Largest individual portions.
at room purity, % radiochemical Activity Time, month
temperature, h impurity, % Develop radio-synthetic route 2
Initial 97.29 1.00 GMP synthesis at CMO 5-7
2 97.18 1.00 Radiolabeled formulation and stability study | 1-2
4 97.00 1.21 Write CMC radiolabeled portion for IND 1
6 96.93 1.70 Amendment
Mock run, review of batch records 1
Table 5: Stability of ['“C]-Compound B dosing solution (10 uCi/10  Total 10-13

mL).

Time point Radiochemical Largest individual
at room purity, % radiochemical
temperature, h impurity, %

Initial 97.28 1.05

2 97.11 1.35

4 97.01 1.30

6 96.86 1.19

8 96.64 1.67

Table 6: CMO transfer-related activities.

Table 8: Stability of ['“C]-Compound C API (2.23 pCi/mg).

Time point at Chemical purity, % Radiochemical
-80 °C purity, %

Initial 99.7 100

1 Month 99.7 100

2 Month 99.7 100

12 Month 99.7 100

Table 9: Stability of ['“C]-Compound C dosing solution (6.0 uCi/

Two batches of [**C]-API were required to complete the
human ADME study. Spiking solution (2 uCi/mL) was
stable for 4 hours at room temperature (0.3% decom-
position was within the specifications that require ra-
diochemical purity should be larger or equal to 97.0%
and individual impurity less or equal to 2.0%) (Table 4).
[**C]-Compound B dosing solution (10 pCi/10 mL) was
also stable for 4 hours at room temperature (0.3% de-
composition was within the specifications) (Table 5).

Example 3 was a human ADME study of Compound
C by utilizing the Traditional Method in patients. The
study was in patients because of Compound C’s cyto-
toxicity. The study was designed by administering 4-6
Patients. Each patient was dosed 80-100 uCi with a sin-
gle oral solution.

A CMO (Contract Manufacturing Organization) was
required for the synthesis of GMP [**C]-Compound C
API. The selection of the CMO was according to the fol-
lowing considerations at Takeda:

—  Technical capability and experience in radiola-
beled synthesis.

— Analytical capability for in-process and release
analysis.
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Activity Organization ~ mL).

Transfer radiolabeled synthetic methods Takeda Time point |Chemical purity, % Radiochemical purity, %
Transfer analytical methods Takeda/CMO Initial 99.7 100

Test synthetic methods by unlabeled and CMO 24hat5°C 99.7 100

labeled compounds 24hat5°C 99.7 100

Technical batch API synthesis CMO + 4 h at room

GMP synthesis of radiolabeled API CMO temperature

QC data CMO

Generation of batch records CMO — QCand QA to support GMP operations.

Review of batch records and analytical data Takeda . 14

Prepare stability protocol and analyze Takeda/CMO To make the GMP preparation of [*C]-API smooth, we
samples followed the last-step procedures of un-labeled GMP syn-
Approve and release the radiolabeled API for Takeda thesis and crystallization with some minor modification.
clinical use The advantages of doing so are the availability of validated

analytical methods, impurity profile, and other synthetic
and analytical information. Smoother transfer of manu-
facturing and analytical details to CMO is usually feasible
because of prior optimization work at the existing radio-
chemistry unit at Takeda. Due to a requirement for GMP
qualification of existing radiochemistry unit at Takeda with
appropriate SOPs and instrument qualifications, work-
ing with a qualified CMO is preferred. This trend of using
GMP qualified vendors for manufacture of radiolabeled
APl is more prevalent in the industry. Based on the survey
conducted by 1Q, for a radiolabeled human ADME study,
a one-time event, question of GMP synthesis of API is still
under debate [14].

The CMO transfer-related activities are summarized
in Table 6. The timelines related to APl and formulation
portions are summarized in Table 7. The [**C]-API was
found stable at least 1 year at -80 °C (Table 8). Stability
in general is compound dependent, and Compound C is
much more stable than Compound B (Table 3). The dos-
ing solution was stable 24 hours at 5 °C plus 4 hours at
room temperature (Table 9). These stability conditions
mimicked the actual clinical operations.

Conclusions

In general for oncology compounds, it is essential to
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have capability to prepare a minimum of two batches
of radiolabeled APl during human ADME study because
of delays in patient recruitment and stability of API. For
the GMP preparation of radiolabeled API, it is prefera-
ble to follow the last-step procedures of unlabeled GMP
synthesis and crystallization with some minor modifica-
tion. Confirmation of stability for longer periods of time
by appropriate storage is required.
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