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Abstract

Human radiolabeled mass balance studies are an important component of the
clinical pharmacology programs supporting the development of new investi-
gational drugs. These studies allow for understanding of the absorption, distri-
bution, metabolism, and excretion of the parent drug and metabolite(s) in the
human body. Understanding the drug's disposition as well as metabolite profiling
and abundance via mass balance studies can help inform the overall drug de-
velopment program. A survey of the US Food and Drug Administration (FDA)-
approved new drug applications (NDAs) indicated that about 66% of the drugs
had relied on findings from the mass balance studies to help understand the
pharmacokinetic characteristics of the drug and to inform the overall drug de-
velopment program. When such studies were not available in the original NDA,
adequate justifications were routinely provided. Of the 104 mass balance studies
included in this survey, most of the studies were conducted in healthy volunteers
(90%) who were mostly men (>86%). The studies had at least six evaluable partici-
pants (66%) and were performed using the final route(s) of administration (98%).
Eighty-five percent of the studies utilized a dose within the pharmacokinetic lin-
earity range with 54% of the studies using a dose the same as the approved dose.
Nearly all studies were performed as a single-dose (97%) study using a fit-for-
purpose radiolabeled formulation. In this analysis, we summarized the current
practices for conducting mass balance studies and highlighted the importance of
conducting appropriately designed human radiolabeled mass balance studies and
the challenges associated with inadequately designed or untimely studies.
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INTRODUCTION

Human mass balance studies, often referred to as the
absorption, distribution, metabolism, and excretion
(ADME) studies, are an integral part of the clinical
pharmacology programs supporting the development of
new investigational drugs. A radiolabeled mass balance
study (from here on referred to as mass balance study)
is the most common method used to characterize the
disposition of the parent drug and its metabolite(s) in
the human body, although a few other methods may be
available. The main objectives of mass balance studies
are to: (1) elucidate the overall pathways of metabolism
and excretion of an investigational drug, (2) identify and
quantify circulating metabolites, and (3) determine the
abundance of metabolites relative to the parent drug
and/or total drug-related exposure. Information obtained
from these studies, along with other in vitro, in vivo, and
in silico data, can then inform the overall clinical and
nonclinical development program of the investigational
drug. For example, a human mass balance study provides
information on which metabolite(s) should be structur-
ally characterized and which metabolite(s) would be
subject to nonclinical safety assessment.’” In addition,
metabolism and excretion information obtained from
the human mass balance studies can inform the need to
further evaluate the impact of renal and/or hepatic im-
pairment as well as drug-drug interaction (DDI) studies
during drug development.

Several publications have discussed the importance of
mass balance studies in the drug development and reg-
ulatory submissions.> Of note, on May 5, 2022, the US
Food and Drug Administration (FDA) published a draft
guidance for the industry titled “Clinical Pharmacology
Considerations for Human Radiolabeled Mass Balance
Studies.”*® Additionally, the European Medicines Agency
(EMA) has provided regulatory guidelines for conduct-
ing and interpreting the in vivo mass balance studies."
Further, the mass balance study was identified as one of
the most frequent areas of regulatory concern during the
EMA's evaluation of marketing authorization applications
for new chemical entities.* In fact, the paucity of infor-
mation from these studies for some drugs restricted the
benefit/risk assessment in all populations leading to pre-
cautions and restrictions included in the product labeling.*

Herein, we collected and analyzed information from
new molecular entity (NME) new drug applications
(NDAs) that were approved by the FDA over a period of
5years (2014-2018). The goal was to evaluate the conduct
and design of mass balance studies that were submitted
as a part of the NDAs. The results from this regulatory re-
search also informed the development of the FDA draft
guidance on mass balance studies.'® Here, we summarize

the current practices as well as outline some best practices
for conducting radiolabeled mass balance studies.

METHODOLOGY

New molecular entity NDAs approved by the FDA be-
tween January 2014 and December 2018 are included in
this analysis. Data were extracted from applicant (i.e.,
biopharma companies) submitted final clinical study re-
ports as well as from the FDA clinical pharmacology re-
views and original approved drug labeling obtained from
Drugs@FDA,12 to gain insights into current practice on
the conduct of human mass balance studies. The assess-
ment includes determination of whether a human mass
balance study was conducted and what, if any, justifica-
tion was provided for the lack of such studies. Specific in-
formation on study population (sex, number, and healthy
subjects vs. patients), dosage (including single dose vs.
multiple doses), administered radioactivity dose, drug
(and relevant metabolite) half-life, percentage recovered
in different matrices (e.g., urine and feces), route of ad-
ministration of the approved drug and route of adminis-
tration used in the mass balance study, and other study
objectives like absolute bioavailability was collected.

CONDUCT OF MASS BALANCE
STUDIES

In this analysis, we evaluated if mass balance studies were
leveraged to support the development and approval of
NME NDAs between 2014 and 2018. Overall, 154 NME
NDAs were approved during this period, including 15
drugs approved as combinations of two or more chemical
entities. Of the 154 drugs, 101 had information from mass
balance studies that were conducted as a part of the drug
development program (Figure 1a).

For the 101 drugs, a total of 104 radiolabeled mass
balance study reports were submitted as three combina-
tion drugs had multiple mass balance studies. Of note,
the proportion of drug development programs that con-
ducted mass balance studies was similar between drugs
with (63%) and without (68%) orphan designation. When
analyzing by therapeutic area, drugs approved for imaging
or ophthalmology indications did not have mass balance
studies, whereas all antiviral drugs and most oncology
drugs (92%; the other 8% included a radiopharmaceutical
and two drugs with postmarketing studies) had mass bal-
ance studies conducted as a part of the drug development
programs.

Fifty-three drugs did not have mass balance stud-
ies as a part of their development program. When
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FIGURE 1 Overview of human radiolabeled mass balance studies performed to support the initial approval of new small molecule
drugs approved between 2014 and 2018. (a) Human radiolabeled mass balance (MB) study supporting the new molecular entity new drug
application (NME NDA; n = 154). (b) Study population enrolled in the MB studies (n = 104). (c) Sex composition based on the inclusion/

exclusion criteria listed in the protocol of the MB study (n = 104)

evaluating the NDAs without a mass balance study, the
following justifications were often provided: (1) not eth-
ical to be conducted in humans (e.g., safety concerns),
(2) the drug was a radiopharmaceutical or diagnostic
agent, (3) the drug was an endogenous substance or
analog (peptide, oligonucleotide, hormone, fatty acid,
etc.), (4) the drug had negligible systemic exposure,
(5) ADME information was available from literature or
approved drug labeling, or (6) the drug was mainly ex-
creted as an unchanged form (e.g., 290%) in urine from
non-radiolabeled phase I studies. Additionally, for two
drugs, postmarketing studies were established for con-
ducting human mass balance study at the time of initial
approval.

When human radiolabeled mass balance studies
cannot be conducted (e.g., safety concerns), alternative
approaches, such as in vitro assessments and animal ra-
diolabeled mass balances studies, urine sample collections
in clinical trials have been used to characterize the ADME
of the investigational drug. However, extrapolation from
animals to humans can be challenging due to the poten-
tial species differences in drug metabolism and excretion.
Information from nonclinical and clinical studies are
often integrated to elucidate the elimination pathways of
the drug. For a few drugs included in this analysis, based
on animal studies, it was concluded that a human mass
balance study was not ethical due to safety concerns in
humans. For example, a human mass balance study was
not possible for cariprazine as an animal mass balance
study indicated that there is a potential of the radioactivity
of the drug to be accumulated in tissues such as the eyes
for a prolonged period. In this case, both mass balance
and metabolite profiling were conducted in patients with
schizophrenia following multiple-dose administration of
the non-radiolabeled drug."?

Mass balance studies are typically conducted sometime
between phase I and phase III of the investigational drug
development program.® The EMA recommends that the
results of the mass balance studies should generally be
available before starting phase IIL."' As the information
from mass balance studies is leveraged to inform the over-
all drug development program, it is a good practice to con-
duct mass balance studies early in the drug development
program, or at least prior to any large late-phase clinical
trials such that there is sufficient information to justify or
expand the eligibility criteria in these trials. Delaying the
conduct of the mass balance study until later stages of drug
development (i.e., after confirmatory trials are initiated or
completed) can cause significant delays in the approval of
the drugs if there are any residual uncertainties related to
safety or can limit the usage of the drug in certain patient
populations if there is residual uncertainty related to the
drug's metabolism or excretion pathways. For example,
one common issue stemming from inappropriate study
design is inadequate understanding of the metabolite pro-
file. Metabolite profiling is generally performed in plasma,
urine, and feces samples to assess and identify potential
significant metabolites. The ratio of plasma metabolite to
the parent drug and/or total drug-related exposure can
provide information on whether some metabolites and
which should be considered for further nonclinical safety
evaluation or DDI evaluation.'*4*® Generally, if a metab-
olite accounts for more than 10% of the total drug-related
exposure in plasma, the metabolite should be structurally
characterized.

The FDA can issue refuse-to-file (RTF) letters or
complete response letters (CRLs) for drugs that have sig-
nificant clinical pharmacology deficiencies due to a lack
of understanding of the pharmacokinetic characteristics
of the drug. In some instances, this could be avoided if
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appropriately designed mass balance studies were con-
ducted to inform the subsequent drug development
program. For example, inadequate characterization of a
major active metabolite, as in the case of ozanimod, led
to the RTF letter being issued, with subsequent approval
of the drug after the stated deficiencies were addressed
during the NDA resubmission.'®!” Similarly, the initial
application for the approval of deutetrabenazine re-
ceived a CRL because of clinical pharmacology and non-
clinical deficiencies.'® It was concluded that the clinical
pharmacology studies failed to determine all the major
metabolites of deutetrabenazine. A subsequent success-
ful resubmission of the NDA included re-analysis of
the retained samples from the mass balance study for
specific metabolites to provide definitive human plasma
exposure data.

In other instances, when insufficient information of
the pharmacokinetics of the drug was provided during the
NDA submission, postmarketing studies were established
for a mass balance study at the time of drug approval. This
was because some information gleaned from the mass
balance study conducted after the original approval of the
drug can still be important to promote therapeutic opti-
mization of the drug in certain patient populations. For
example, mass balance studies were established as post-
marketing studies for belinostat and rucaparib at the time
of approval to obtain critical clinical pharmacology infor-
mation of the drug that is absent in the original NDA.'**
In the case of belinostat, animal mass balance data was
only available at the time of initial NDA submission, and
a human mass balance study was ongoing. Clinical data
were available for patients with mild renal or hepatic im-
pairment. At the time of approval, due to insufficient data
to evaluate the potential risk of toxicity in patients with
moderate and severe organ dysfunction, a postmarket-
ing requirement was established to identify the excretion
route in humans. In the case of rucaparib, a human mass
balance study was also ongoing at the time of initial NDA
submission. Clinical data were available for patients with
mild to moderate renal or hepatic impairment. In addi-
tion, in vitro studies identified several rucaparib metab-
olites, but there is a lack of information on the relative
abundance of these metabolites in vivo. As such, a post-
marketing commitment was established to submit the
final report of an ongoing mass balance trial to determine
elimination pathways of rucaparib and identify major
metabolites of rucaparib in humans. These data would
determine the need for additional studies to evaluate the
pharmacokinetic and pharmacodynamic characteristics
of any potential major metabolite that was disproportion-
ately identified in humans.*!

For an orally administered drug, it is difficult to as-
certain the route of elimination without knowing the

absolute bioavailability of the drug, especially for drugs
that are excreted extensively in feces as unchanged parent
drugs. Of the 101 drugs with radiolabeled mass balance
studies, 13% (n = 13, including seven oncology drugs) had
determination of absolute bioavailability as one of the ob-
jectives. When oral formulation of the drug is being devel-
oped, it is possible to combine an absolute bioavailability
study with a radiolabeled mass balance study in a two-
part study design within a single protocol. All of these 13
drugs used the two-part study design in the mass balance
studies. Specifically, part A is a radiolabeled mass balance
study for the orally administered investigational drug; and
part B determines the absolute bioavailability of the inves-
tigational drug administered as an oral non-radiolabeled
dose and an intravenous radiolabeled microdose. The ab-
solute bioavailability study can use a microdose without
the need for an intravenous toxicology program if the ex-
isting oral toxicity studies provide adequate exposure mar-
gins.” If part A and part B are conducted sequentially, an
adequate washout period is needed in the study.

STUDY POPULATION

Most mass balance studies are conducted in healthy, male
volunteers.*** In this analysis, 90% (n = 94) of the stud-
ies were conducted in healthy subjects (Figure 1b). About
10% (n = 10) of the studies were conducted in the target
patient population due to the mechanism of action and/
or benefit-risk related considerations (i.e., anticipated
undesired effects in healthy subjects). Of these 10 studies
conducted in patients, nine were in patients with cancer
and one was in patients with endocrine-related disorder
(secondary hyperparathyroidism in adult patients with
chronic kidney disease on hemodialysis).

When looking at the inclusion/exclusion criteria of
the mass balance study protocol, 86% (n = 89) stated that
only male subjects were eligible to be enrolled, whereas
12% stated that both sexes were eligible to be enrolled
and 2% stated that female subjects were eligible to be en-
rolled (Figure 1c). The male-only study design appears
to be more prevalent, possibly because of the potential
reproductive toxicity concerns in women of childbear-
ing potential and the convenience of sample collection.
Sex-specific indication and sex-specific toxicity profiles
were some possible reasons for female-only studies. For
example, in the case of olaparib, which was initially in-
dicated for the treatment of ovarian cancer, the mass
balance study enrolled female patients. In the case of
venetoclax, only female healthy subjects were enrolled
in the mass balance study because of testicular toxicity
identified from preclinical studies. Of the 12% (n = 13)
of studies that stated that both sexes were eligible to be
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enrolled, eight studies were conducted in patients for
drugs indicated to treat cancer and one study was for a
drug indicated for endocrine-related disorder (second-
ary hyperparathyroidism in adult patients with chronic
kidney disease on hemodialysis).

Typically, formal sample size estimations are not per-
formed in mass balance studies. Sample size of six sub-
jects is commonly adopted in a mass balance study. This
analysis confirmed that the mean, median, and mode
values of the sample size from the 104 mass balance
studies were all six. The range of sample size in these
studies was from 3 to 16. Thirteen percent (n = 14) of
the studies reported results from <6 evaluable subjects.
While looking at drugs that enrolled more than eight
subjects, most of these studies had multiple objectives,
such as evaluation of the mass balance of a drug with dif-
ferent radiolabeling positions, different formulations, or
determination of the absolute bioavailability. The sam-
ple size of the mass balance study is dependent on the
objectives, the study design, and the anticipated phar-
macokinetic variability. In general, it is recommended
that a mass balance study includes at least six evaluable
subjects who have completed the study procedures as
required by the protocol, as having fewer evaluable sub-
jects may limit the interpretability of the data, especially
if pharmacokinetics of the drug are variable.

Some small molecule drugs (data not included in this
analysis) are substantially metabolized by polymorphic
drug metabolizing enzymes (e.g., CYP2D6, CYP2C19,
UGT1A1, and NAT?2). For these drugs, including subjects
with different genotypes, may be of scientific value. The
results from pharmacogenomic analysis can help inter-
pret the potential pharmacokinetic variability either pro-
spectively or retrospectively.

RADIOLABELED AND
ADMINISTERED RADIOACTIVITY
DOSE

This analysis showed that of the 104 studies, 99% (n = 103)
radiolabeled mass balance studies used carbon-14 la-
beled drug substance and one used tritium-labeled drug
substance.

The administered radioactivity dose in humans
should comply to the Regulations (21 Code of Federal
Regulations [CFR] 361.1) and guidelines (e.g., the
International Commission on Radiological Protection
[ICRP], Advisory Committee on Radiological Protection
[ACRP]). The administered radioactivity dose is appro-
priately informed via dosimetry results from animal
studies. This analysis shows that the administered ra-
dioactivity dose used in the 104 studies ranged from 200

ASCPT

nCi to 500 pCi. Among them, 12% (n = 12) performed
a study using radioactivity dose ranging from 0.1 to
<1 pCi. Additionally, 27%, 45%, and 17% used a radio-
activity dose range of 1 pCi to <100 pCi, 100 pCi, and
>100 pCi to 500 pCi, respectively.

INVESTIGATIONAL DRUG ROUTE,
DOSE, AND FORMULATION

Mass balance studies are usually conducted using the
same route(s) of administration, as the route that will be
eventually approved in the NDA. When administration of
the radiolabeled drug through the intended route of ad-
ministration is not feasible, other routes of administration
(e.g., oral or intravenous) can be utilized in the mass bal-
ance studies. Of the 104 studies, 98% (n = 102) performed
the radiolabeled mass balance using the same route of ad-
ministration as the final approved route of administration
(Figure 2a). In our analysis, because of practical consid-
erations, 2% (n = 2) of the drugs approved for pulmonary
diseases had radiolabeled mass balance studies conducted
using a different route of administration (oral and intra-
venous) in lieu of the approved route of administration
(inhalation).

A single dose study is typically considered sufficient for
a mass balance study, especially if there are no dose- or
time-dependencies observed following the first-pass me-
tabolism or elimination of the drug.'' Indeed, many stud-
ies are done after single-dose administration.”* Results
from this analysis indicated that 97% (n = 101) of the 104
mass balance studies were single-dose studies (Figure 2b).
Three mass balance studies were performed at the steady-
state. In such instances, the subjects received a single
radiolabeled dose of the drug after reaching steady-state
with the non-radiolabeled doses. Of the three drugs,”’25
two exhibited nonlinear pharmacokinetics: letermovir
had greater than dose proportional pharmacokinetics and
eliglustat had nonlinear, greater than expected accumula-
tion upon multiple-dose administration. Additionally, one
study was conducted in patients with cancer (gilteritinib).
Conducting mass balance studies at the steady-state may
limit the interpretability of the results.” This approach
only evaluates the elimination pathway of the radiolabeled
drug, which may be altered after multiple doses as com-
pared to a single dose. Bioanalysis of the non-radiolabeled
moieties can help understand the accumulation of the
parent drug and relevant metabolites at steady-state when
interpreting the study results.

The choice of the investigational dose selected for use
in the mass balance study may depend on several fac-
tors, including the safety and tolerability of the dose in
healthy subjects, pharmacokinetic linearity range, expected
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FIGURE 2 Design characteristics of human radiolabeled mass balance studies performed to support the initial approval of new small

molecule drugs approved between 2014 and 2018. (a) Route of administration utilized. (b) Mass balance study performed as a single dose

study versus at the steady state. (c) Dose of the investigational drug used in the study

effective dose derived from early patient trials, and timing
of the study. In our analysis, of the 100 studies (excluding
two topical mass balance studies and two mass balance
studies with a different route of administration compared
to the approved route), 54% (n = 54) of the studies selected
a dose that was within the range of the final approved dose
(assuming a body weight of 70kg or body surface area of
1.8 m* if the dose needed to be adjusted accordingly), 17%
(n=17) of the studies were conducted using a dose that was
lower than the final approved dose, and 29% (n = 29) of the
studies were conducted using a dose that was higher than
the final approved dose (Figure 2c). Overall, the majority
(85%; n = 85) of these studies used a dose within the phar-
macokinetic linearity range, whereas 12 studies used a dose
in the nonlinear range (slightly higher or lower than dose
proportional), and three studies used a dose that was below
the final approved dose and did not have data on pharma-
cokinetic linearity assessment. When the dose used in the
mass balance study is not the final approved dose and the
clearance of the drug is nonlinear, this may limit the inter-
pretability of the mass balance study results. Therefore, it is
encouraged that the dose of the investigational drug used in
the mass balance study be the dose intended for use in large
scale later-phase clinical trials and subsequent inclusion in
the drug labeling.

With respect to the drug formulation used in the ra-
diolabeled mass balance studies, typically, it is challenging
to manufacture the proposed clinical formulations with
radiolabeled drug substance on a small scale. Therefore,
the investigational oral drug formulation used in the mass
balance study usually tends to be a fit-for-purpose formu-
lation (i.e., a mixture of labeled and non-labeled products
in solution or suspension). Although there is a theoretical
concern that formulation differences may change drug
bioavailability/absorption, the formulation used in the
mass balance study is not expected to significantly change

the elimination pathways of the drug, which is sufficient
to meet the primary goal of the mass balance study.

RECOVERY

Ideally, total recovery of radioactivity in urine and feces
should exceed 90% of the administered radioactivity dose
to allow for a reliable determination of the contribution of
the elimination pathways. The EMA DDI guideline also
recommends that preferably total recovery of radioactiv-
ity in urine and feces should exceed 90%." Ideally, more
than 80% of the administered radioactivity recovered in
the excreta should be identified.™

Although the patient discharge criteria or sample col-
lection timeline were not quantitatively evaluated in this
analysis, many protocols (n = 47) specified that urine and
feces samples were to be collected until >90% of the radio-
activity was recovered and <1% of the dose was excreted
over a 24-h period on two consecutive sample collection
days.

Of 102 mass balance studies (excluding two topical
mass balance studies), 64 (63%) had reported >90% recov-
ery, 16 (16%) had 85% to <90% recovery, 13 (13%) had 80%
to <85% recovery, and nine (9%) had <80% recovery. This
appears to be similar to the recovery reported for 22 on-
cology drugs with >90% recovery for 68% of drugs, 85% to
<90% recovery for 14% of drugs, 80% to <85% recovery for
9% of drugs, and <80% recovery was reported for 9% of
drugs.*

There can be a number of potential reasons for incom-
plete recovery observed in mass balance studies.® Some
reasons include: (1) inappropriate selection of the radiola-
bel position on the drug, (2) incomplete sample collection
especially for drugs with a long half-life, and (3) an inade-
quate or insensitive bioanalytical method used.
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The position of the radioisotope has to be carefully se-
lected to be chemically and metabolically stable, such that
the radionuclide stays with the parent drug and major me-
tabolites and can be readily detected and quantified.® Two
separate positions on the drug molecule can be used for
radiolabeling, if needed.

In our analysis, one notable reason for incomplete mass
balance recovery is the long half-life of the parent drug or
metabolite(s). Based on the information available in the
drug labeling, 20 drugs (either parent drug or metabolite)
identified from this analysis have half-lives >72h: 12 have
half-lives between 3 and 7days, and eight have half-lives
>7days. The majority (80%; n = 16) of these drugs have
mass balance studies conducted as a part of the drug de-
velopment program. The recovery or estimated recovery
of administered radioactivity ranged from 64% to 95%,
including >80% for 13 drugs. Estimation (interpolation
and/or extrapolation) of recovery may be needed for drugs
with a long half-life where an extended clinic stay is not
feasible. However, the estimated recovery results have to
be interpreted with caution because these estimations are
typically based on the assumption that drug excretion was
under a first-order process.

Conducting human mass balance studies for drugs
with a long half-life may require some special study design
considerations. For drugs with a long half-life, when an
extended stay in the clinic becomes impractical to achieve
>90% recovery, alternative sample collection strategies can
be considered to get an estimate of the final recovery. This
may include strategies such as partial collection of samples
or collection of urine and feces in an outpatient setting. In
addition, sensitive analytical tools, such as accelerator mass
spectrometry (AMS), allow for low radioactivity dose (in the
range of nCi) to be administered to humans, which allevi-
ates the concern of extended exposure to radioactivity in hu-
mans for drugs with a long half-life. For example, the mass
balance study was conducted for ixazomib (geometric mean
half-life of 9.5 days) with [**C]-ixazomib administered at low
radioactivity dose (~500 nCi) coupled with utilizing AMS to
increase the sensitivity of radioactivity bioanalysis.® Given
the long half-life, patients were discharged from the clinic
on day 8 and returned to the clinic on days 14, 21, 28, and
35 for a 24-h overnight visit. Samples (urine and feces) were
collected during each of these 24-h overnight clinic visits.
Additionally, patients were instructed to collect feces sam-
ples at home for the 24-h period before each overnight clinic
visit (days 13, 20, 27, and 34).

SAMPLE ANALYSIS

Multiple bioanalytical methods are available to iden-
tify and determine parent drug and metabolite levels in

ASCPT

biological matrices. The choice of the method depends on
the objective of the mass balance study, levels of parent
drug and metabolites in the sample matrix, and the limit
of detection of the bioanalytical tool. In our analysis, lig-
uid scintillation counting is the most common analytical
methods used to measure total radioactivity in biological
matrices, whereas high-performance liquid chromatogra-
phy with radio-detection and AMS (particularly for micro-
tracer studies) are also used. Quantification of the parent
drug and relevant metabolites with synthesized standards
in all applicable biological matrices are performed using a
sensitive analytical technique, such as liquid chromatog-
raphy with tandem mass spectrometry. Given that reliable
data from the mass balance study are needed to inform the
subsequent development program of the investigational

TABLE 1 Considerations for designing human radiolabeled
mass balance studies

Key study design considerations

« The study can be non-randomized and open-label

« The study can enroll healthy adult subjects, unless safety
concerns exist

« Generally, the study includes at least six evaluable subjects.
The final number of subjects to be enrolled depends on drug
characteristics and objectives of the study

« Radioactivity dose to be administered can be based on
animal studies dosimetry calculations and follow applicable
guidelines (e.g., ICRP and ACRP)

« Ideally, the dose of the non-radiolabeled investigational drug
used in the mass balance study is the dose intended for drug
approval or at least, it is in the pharmacokinetic linearity
range

« Typically, single dose studies may be sufficient. In some
instances, multiple dose studies may be considered

« To ensure applicability of the findings, the routes of
administration for the mass balance study generally include
the final intended route(s) of administration (unless
precluded by practical considerations)

« The position of the radioisotope is in a chemically and
metabolically stable position

« For orally administered drugs, evaluating absolute
bioavailability can help understand the overall drug
elimination pathways

» Study duration and sample collection aims to maximize the
total recovery of radioactivity in relevant biomatrices and
support the identification of relevant moieties to ensure
interpretability of the findings

« For drugs with a long half-life, alternative sample collection
strategies can be considered to get an estimate of the final
recovery

« Detection and quantification of radioactivity should be
performed in all applicable biological matrices. For non-
radiolabeled moieties, validated bioanalytical methods should
be used for the matrices that are sampled

Abbreviations: ACRP, Advisory Committee on Radiological Protection;
ICRP, International Commission on Radiological Protection.



2574 |

RAMAMOORTHY ET AL.

ASCPT

drug, validated bioanalytical methods should be used for
non-radiolabeled moieties, as applicable.”’

REPORTING OF THE STUDY
RESULTS

The mass balance clinical study report typically include
the following: (1) plasma and whole blood concentration
versus time profiles of total radioactivity, (2) plasma con-
centration versus time profiles for the non-radiolabeled
moieties including the parent drug, and, if possible, me-
tabolites, (3) descriptive statistics of pharmacokinetic
parameters for total radioactivity, the parent drug, and,
if possible, metabolites in plasma (area under the con-
centration time curve [AUC], maximum concentration
[Chaxl, time to maximum concentration [Tp,,.], termi-
nal half-life, etc.), (4) the cumulative percentage of the
administered radioactive dose recovered in urine, feces,
and total excreta (urine and feces combined) versus time
profiles, and (5) quantitative information on the radioac-
tivity associated with the parent drug and each identified
metabolite in collected matrices (e.g., plasma, urine, and
feces). A biotransformation scheme with the structures
or descriptions of the metabolites are typically included
in the NDA submission. The results from human mass
balance studies are generally included in Subsection 12.3
Pharmacokinetics of the approved drug labeling.”®

CONCLUSION

In conclusion, a human mass balance study is the single
most direct method to obtain quantitative and comprehen-
sive information on the ADME of an investigational drug
in the human body. Appropriate attention has to be given
to deciding whether and when to conduct the study. Based
on the collected experience, some best practice considera-
tions for conducting mass balance studies are provided in
Table 1. An adequately designed mass balance study is es-
sential to leverage the mass balance information to appro-
priately inform the design and conduct of other clinical
studies in the entire drug development program.
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