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development cycle, early acquisition of critical in
vivo data using non-invasive gamma scintigraphic
techniques supports informed decision making, lead-
ing to more concise, cost-effective, data-driven devel-
opment cycles. For one thing, pharmacoscintigraphy
requires much smaller patient populations than do
pharmacodynamic (PD) studies, and the data ac-
quired provide useful information that can narrow
the focus of an investigation.

Benefits of gamma scintigraphy
Gamma scintigraphy is a planar (2D) imaging tech-
nology using drugs labeled with minute quantities of
a gamma emitting radionuclide, most commonly
technetium-99m (99mTc; half-life 6 hrs), to act as a
surrogate marker. Scintigraphic images of the head,
thorax, and stomach are usually acquired by a
gamma-camera immediately after administration to
healthy volunteers or patients (see photo above), and
digitizing radioactive counts yields 2-D images
encompassing the oropharynx, lungs, and stomach.
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Pharmacoscintigraphy, which combines pharmacoki-
netic (PK) and gamma-scintigraphic studies, can help
confirm the acceptability of inhaled formulations for
both local and systemic delivery via the respiratory
route by probing the relationships between targeted
regional drug deposition profiles and systemic PK
data. The direct relationship between deposition of
drugs in the lungs and their clinical effectiveness for
locally acting products means that lung deposition
data can act as a surrogate for the clinical response to
inhaled asthma drugs [1, 2] and can demonstrate
therapeutic equivalence between products in cases
where in vitro data alone are inadequate [3].

In fact, proposed European Medicines Evaluation
Agency (EMEA) 2007 guidelines on clinical docu-
mentation for orally inhaled products state that:

Regional quantification of the pulmonary deposi-
tion of two products can be carried out by measur-
ing radioactivity in the different segments of the
lung. Two- or three-dimensional scintigraphic
methods can be used. Equivalent lung deposition
of two drugs can be concluded if the 95% CI of the
radioactivity in all of the several airway areas is
within a range of 0.8 to 1.25. [4]

As pharmacoscintigraphy gains wider acceptance by
regulatory agencies, the breadth of information avail-
able from scintigraphic studies can benefit develop-
ment cycles in multiple ways as the insight provided
by regional lung deposition data facilitates a much
broader understanding of the behavior of the intended
drug/device combination in the development of a
product. Effectively integrating pharmacoscinti-
graphic studies into phase 1 development enables a
better understanding of formulation and device inter-
actions on product performance in humans prior to
initiating larger clinical study designs.

Although some developers may perceive scinti-
graphic studies as an additional burden within the
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This non-invasive process results in snapshots of the
drug deposition immediately after dosing, with depo-
sition in the lungs divided into regions [5].

Scintigraphic imaging allows developers to quantify
the amount of drug delivered to different regions of
the lung, as well as the oropharyngeal deposition and
exhaled fraction of a product. Comparative studies
also provide an opportunity to visualize how a prod-
uct or device performs relative to competitors. Since
the concentration of drug at the site of its receptor
often determines the magnitude of a drug effect,
developers can correlate in vivo deposition profiles
with PK or PD measurements and provide powerful
visual evidence of the performance of a product to
physicians/development partners in addition to
using the studies to support regulatory submissions.

Although other types of scintigraphy are available,
planar gamma scintigraphy provides simpler and
less expensive imaging than three dimensional tech-
niques such as single photon emission computed
tomography (SPECT) and positron emission tomog-
raphy (PET) imaging. The 3D techniques present sig-
nificant hurdles to routine use, especially in the case
of PET, which requires ready access to a cyclotron
close to the imaging facility. Gamma scintigraphy
also has the advantage in patient safety since it uses
much lower levels of radioactivity (generally an order
of magnitude lower) to produce satisfactory scinti-
graphic images.

Using gamma scintigraphy in
development
Developers of inhaled medications have been using
gamma scintigraphy for more than 20 years to
enhance the development of new products and novel
delivery systems. Applications of the technique have
continued to expand as follows:

• Competitive positioning of inhaled devices

• Device optimization

• Device bridging

• Patient compliance

• Targeting of product to different regions of the
nasal passages

• Evaluation of in vitro/in vivo correlation
(IVIVC)

• Mucociliary clearance

• Proof of concept studies

• Systemic drug delivery

Supplementing in vitro data with human lung depo-
sition can help companies progress to clinical
response testing with maximum confidence by defin-

ing the doses needed for phase II and/or phase III
studies in patients. For example, a study comparing
deposition of a corticosteroid aerosol in the human
lung by the Respimat soft mist inhaler to deposition
by metered dose inhaler or by Turbuhaler dry pow-
der inhaler allowed determination of the necessary
dose for trials [6, 7].

Combining scintigraphy with other methods can also
provide a much better understanding of the drug
delivery process than clinical data alone since lung
deposition data are more sensitive to the process of
delivery than are clinical response data. These types
of studies can help to understand differences in
delivery characteristics between devices such as
between a pMDI and a breath-actuated DPI designed
to rely on patient inspiratory effort. Scintigraphy can
determine the extent to which faster inhalation can
enhance drug delivery by generating higher fine par-
ticle dose and subsequent higher lung deposition in
vivo [8].

Scintigraphic deposition studies have contributed to
demonstrating the efficiency of novel, sophisticated
drug delivery technologies such as the Respimat
device [7] and the Tempo inhaler [8] over traditional
inhaler systems. Pharmacoscintigraphic studies were
used to optimize and validate the performance of
these devices, providing evidence of successful dos-
ing and improved delivery capabilities. Similar stud-
ies showed that a novel nasal delivery platform suc-
ceeded in producing targeted, device-tuned
deposition to the paranasal sinuses and olfactory
region [9]. This technique can also visualize and
quantify inadvertent lung delivery, corroborating or
disputing in vitromeasurements, and demonstrating
compliance.

In the key growth area of use of the inhalation route
for systemic drug delivery of small molecules and
macromolecules, pharmacoscintigraphic data sup-
ports the concept that large therapeutic molecules
can be delivered to humans via the lung. One study
has shown retention of biological activity with a nat-
urally occurring receptor known as neonatal Fc
receptor (FcRn) following targeted delivery to the
central airways [10].

A novel combination of inhaled pharmacoscintigra-
phy with 14C intravenous microtracer studies [11,12]
has shown significant potential for early understand-
ing of the suitability of inhaled systemic drugs.
Intravenous microtracer studies have proven useful
in early human clinical development for rapidly
understanding “output” functions such as distribu-
tion, metabolism, and elimination that drive
observed bioavailability data. The generation of 14C
IVPK data within planned Phase I inhaled studies
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may add critical value to early development by opti-
mizing drug delivery and by evaluating systemic
exposure, distribution, and safety.

Ensuring the accuracy of scintigraphic
studies
Two critical values define the accuracy of lung depo-
sition data in scintigraphic studies of in vivo deposi-
tion patterns of inhaled drugs: the quality of radiola-
beling methods used and how the raw radiation
counts are converted into percentage values, in par-
ticular the method of correction for attenuation of
gamma rays by different body tissues.

Studies can incorporate a radiolabel directly into the
drug molecule through chemical bonding, as is the
case for PET; however, a more practical procedure
for the majority of inhaled drugs incorporates the
radiolabel into the formulation, thereby avoiding any
chemical modification of the drug molecule itself.
Solution products are typically radiolabeled through
the incorporation of a 99mTc complex into the deliv-
ery vehicle. Direct radiolabeling of dry powders can
also be achieved using a complex proprietary method
that avoids using solvents during labeling by encas-
ing 99mTc in nanoparticles comprised of multiple
layers of graphite, which are then adsorbed on to the
drug surface [13].

Radiolabeling via means other than chemical bond-
ing requires in vitro validation through in vitro par-
ticle size distribution (PSD) measurements of labeled
and unlabeled drug, as well as that of the radiolabel
itself, to show that the radiolabeled drug distribution
is representative of the unlabeled drug. Validation
experiments should be set out against the clinical

objectives of the study and encompass all products to
be radiolabeled for the study [14].

Randomized cross-over designs can minimize inher-
ent variability between subjects in lung deposition
studies due to gender, lung pathology, and inhalation
technique. Generally, population sizes of 8–12 adults
prove adequate, although larger sample sizes are nec-
essary when mathematically defined equivalence
between two products is a desired endpoint. Unless a
study requires patients to use their own normal
inhaler techniques, participants should learn to
reproduce the specified technique consistently prior
to administration of the radiolabeled drug. The inves-
tigator, rather than the subject, should actuate pMDIs
to ensure coordination of actuation and inhalation.

Integrated GMP/GCP facilities with gamma scintig-
raphy capabilities enhance the benefits of early in
vivo studies by reducing timelines to critical deci-
sions. Choosing a research organization with all of
these capabilities leads to a smooth, integrated cycle
of formulation R&D, GMP manufacturing, and GCP
clinical testing (Figure 1). The manufacture of formu-
lations that are “fit for purpose” in terms of stability
and product quality has the potential to cut out
months of lengthy stability testing, allowing earlier
clinical testing of new products and technologies
than traditional approaches.

Scintigraphic data analysis
Accurate quantification of lung deposition at all sites,
both inside and outside the body, is essential.
Analysis of scintigraphic images yields data in the
form of radioactive counts, termed “primary” counts.
Investigators must correct the primary counts to

Figure 1
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allow for factors such as background radiation,
radioactive decay, image duration, and depth of the
source. Data must also be corrected for tissue attenu-
ation for accurate deposition calculations because
gamma rays attenuate exponentially through body
tissues and into the gamma camera.

To calculate regional lung deposition, an 81mKr ven-
tilation scan or a transmission scan using a cobalt
flood source can be used to define lung outlines. The
technician then superimposes the images to quantify
penetration and distribution of the gamma-labeled
medication.

Selecting a pharmacoscintigraphy site
A number of companies and, of course, hospital sites,
have the ability to conduct scintigraphic investiga-
tions, but some of these may lack the necessary level
or breadth of expertise in the radiolabeling of pul-
monary products. Since radiolabeling of the formula-
tion to be administered is the key to the success of
any scintigraphic study on pulmonary deposition,
finding a facility with that experience is crucial.

In addition, developers should consider the site’s
ability to conduct suitable in vitro programs for the
entire range of devices available for pulmonary
administration, not just for DPIs. Searching the liter-
ature can provide an indication of a site’s level of
expertise in this area, but only engaging in detailed
discussions with the providers before making a selec-
tion can really ensure confidence that the site will
conduct a robust in vitro program to support the in
vivo phase of the study.
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