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ABSTRACT
The development of an injectable drug-device combination (DDC) product for biologics is an intricate and
evolving process that requires substantial investments of time and money. Consequently, the commercial
dosage form(s) or presentation(s) are often not ready when pivotal trials commence, and it is common to
have drug product changes (manufacturing process or presentation) during clinical development. A
scientifically sound and robust bridging strategy is required in order to introduce these changes into the
clinic safely. There is currently no single developmental paradigm, but a risk-based hierarchical approach
has been well accepted. The rigor required of a bridging package depends on the level of risk associated
with the changes. Clinical pharmacokinetic/pharmacodynamic comparability or outcome studies are only
required when important changes occur at a late stage. Moreover, an injectable DDC needs to be user-
centric, and usability assessment in real-world clinical settings may be required to support the approval of
a DDC. In this review, we discuss the common issues during the manufacturing process and presentation
development of an injectable DDC and practical considerations in establishing a clinical strategy to
address these issues, including key elements of clinical studies. We also analyze the current practice in the
industry and review relevant and status of regulatory guidance in the DDC field.

Abbreviations: ADA, anti-drug antibody; AI, auto-injector; AUC, area under the curve; BE, bioequivalence; BLA, bio-
logics license application; Cmax, maximum concentration; DDC, drug-device combination; GMR, geometric mean
ratio; HF, human factor; IM, intramuscular; IV, intravenous; LVD, large volume wearable injector device; LYOIV,
lyophilized power in vial; MS, multiple sclerosis; PD, pharmacodynamics; PFS, prefilled syringe; PK, pharmacokinet-
ics; RA, rheumatoid arthritis; SC, subcutaneous; SIV, solution in vial; VS, vial and syringe
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Introduction

Over the past thirty years, biotechnology products, including
monoclonal antibodies (mAbs), have become the focus of targeted
therapeutics development by the pharmaceutical industry, and
they have proven to be promising treatment options for a variety
of difficult-to-treat diseases. As of 2013, over 900 biologics target-
ing more than 100 indications were in clinical development or
waiting for regulatory actions.1 Biologics have accounted for
approximately one third of new medicine approvals in the past
decade,1 and in 2015 alone, Food and Drug Administration mar-
keting approvals for biologics, including 10 mAbs, reached an all-
time high.2,3 Owing to better understanding of diseases at the
molecular and genetic levels, the pipeline of biologic drug candi-
dates has been growing steadily, and in the near future, some of
these are poised to make substantial impacts in a broad range of
indications, especially in under- or un-represented disease areas.1,4

Biologics are well known for their manufacturing challenges
due to the complex nature of these molecules. From genetic devel-
opment to cell banks, to drug substance production, and finally to
drug product production, the creation and implementation of a
manufacturing process for a biologic is an intricate and sensitive

path. Slight changes in a single parameter within the process may
affect the biological activity, and consequently the clinical efficacy
and safety profile, which could necessitate additional clinical stud-
ies when these changes occur later in development.5–8

The structural complexity of biologics and their inherent
susceptibility to degradation also bring unique challenges both
to the formulation of these macromolecules and to their effec-
tive delivery to the target sites of activity. Unlike their small
molecule counterparts, biologics are almost exclusively admin-
istered by parenteral routes (e.g., intravenous (IV), subcutane-
ous (SC) or intramuscular (IM)). Although novel delivery
methods for biologics (e.g., transdermal, pulmonary delivery)
are being aggressively pursued with significant progress made
over the past few years, to date, parenteral delivery remains the
standard for biologic drugs.9 A dose of several milligrams per
kilogram body weight for these protein drugs is often required,
presenting significant challenges in formulation and delivery.
IV infusion makes a higher dose possible, but it has disadvan-
tages, including inconvenience for patients and the high cost
for patient care.10 SC or IM administration requires minimal
skills and is less invasive, thus enabling patients to
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self-administer in a home setting. But the convenience of SC/
IM administration comes with a cost. Because it is limited by
the administration volume (<2 mL per injection), a SC/IM for-
mulation often needs to achieve high drug concentration with
acceptable viscosity and stability, which can be technically diffi-
cult and require substantial resources. Despite the challenges,
these extravascular delivery routes, especially SC, have become
an attractive option for many protein therapeutics for chronic
indications because of the advantage of self-administration and
the associated benefits.

The increasing trend of developing biologics for SC/IM
administration has led to intensive efforts to develop various
types of injectable drug-device combination (DDC) products to
improve convenience and compliance through modern tech-
nologies. Efficacy and safety of a therapy are necessary, but not
sufficient, for its therapeutic success. It has been increasingly
recognized that disease management for patients suffering
from a chronic disease is a critical determinant in patient
adherence to long-term therapies, which plays a crucial role in
achieving optimal treatment benefits and outcomes. It has been
reported that adherence rate to chronic therapy in developed
countries averages only » 50%, and is much lower in develop-
ing countries.11 The non-adherence contributes to the gap
between the clinical efficacy demonstrated in well-controlled
clinical trials and effectiveness in real-world settings. Closing
the gap is the ultimate goal of DDC product development in
which patient factors must be considered in the design of the
device to promote consistent and persistent use of these prod-
ucts in chronic disease management.

A DDC product, as the name implies, refers to two or more
single-entity products combined for use. These products may
be combined either chemically, physically, via co-packaging or
provided separately and specifically labeled for use together.
Commonly seen formats for injectable DDC products include
the traditional vial and syringe (VS), as well as the

more advanced and popular presentations, such as prefilled
syringe (PFS), prefilled pen and auto-injector (AI).

With many possible twists and turns on the development
path for an injectable DDC, questions often arise regarding
whether or not clinical studies are needed when some changes
are introduced. If clinical studies are needed, what kind of stud-
ies would suffice for adopting the changes? What is needed for
a safe and efficient transition from the original process or prod-
uct to the new one?

This review provides an in-depth look at the practical issues
that are often encountered during the manufacturing process
and presentation development of an injectable DDC. Consider-
ations in establishing a scientifically sound and efficient clinical
strategy to address these issues, as well as key elements of clini-
cal studies, are discussed. Current trends in the biopharmaceu-
tical industry and relevant regulatory guidance are also
presented.

Development paradigm of injectable drug-device
combination products for biologics

The constituent parts of an injectable DDC are the drug sub-
stance in its formulation, the primary container closure, and
the device in which they are packaged, used or integrated
together. The device may measure the dose or deliver the drug
to the target site of action. The development of a DDC can be
delineated into manufacturing process development and device
development (Fig. 1). The manufacturing process development
refers to the development of drug substance, formulation and
primary container. Device development, as its name implies,
refers to the design and development of the delivery device.

Manufacturing process development of a biologic is nor-
mally launched immediately after identification of a drug can-
didate with desirable biological and pharmacological activity
for the disease target. Unlike small molecules that are

Figure 1. Overview of Injectable DDC Product Development Process and Typical Timelines in Relation to the Clinical Development Timeline.
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chemically synthesized, biologics are mostly derived from living
organisms and made by genetically engineering living cells (i.e.,
cell lines). A typical manufacturing process involves 5 sequen-
tial phases: 1) genetic engineering of a cell and establishing a
cell line, 2) cell culture and fermentation, 3) protein isolation
and purification, 4) formulation, and 5) fill and finish. Process
development activities are interrelated, and the development
workstream from cell line to final formulation and fill should
be designed and structured according to the clinical develop-
ment timeline in order to meet the demand and regulatory
requirements for drug supplies at each stage (Fig. 1).

Since biologics are complex molecules, the manufacturing
processes of these macromolecules are complicated. A high
level of precision is required in the commercial manufacturing
process to ensure a safe, active and consistent product is made
from every batch. Numerous factors along the production
line can influence the characteristics of the protein produced by
the cells; therefore, each of the manufacturing process develop-
ment phases is equally crucial in the success of the final drug
product, and all aspects of the complicated process, including
source and type of raw materials, environmental conditions,
containers, equipment and procedures, need to be closely mon-
itored, controlled and documented.

Within manufacturing process development, formulation
represents a major area requiring extensive development
efforts. Injectable formulation for a biologic usually evolves as
the drug advances through clinical development, and typically
the final formulation is not mature and ready for use until the
late stages of clinical development, i.e., Phase 2b or Phase 3
studies. For multiple reasons, IV administration is often imple-
mented in early clinical development when dose-ranging clini-
cal studies (Phase 1 or Phase 2a) are conducted. In the early
stages of development, the targeted therapeutic dose, which will
drive the target concentration and formulation, is unknown,
and an IV formulation is a good option for small-scale clinical
trials because it is relatively easy to prepare. Moreover, for the
first-in-human studies, a wide range of doses need to be
explored in order to characterize the safety and activity of the
drug. IV infusion allows flexibility while doses for subsequent
pivotal trials are being determined. Last but not the least, IV
administration ensures complete delivery of the drug to the
body (100% bioavailable) and allows comprehensive under-
standing of the systemic pharmacokinetic (PK) profiles, which
is crucial at this stage of clinical development and often one of
the primary or secondary objectives of early trials. Depending
on the design of the trial and availability of a preliminary SC/
IM formulation, in many cases, SC/IM cohorts are included in
the early trials to obtain information, such as SC/IM bioavail-
ability and SC/IM safety and tolerability. The bioavailability by
SC/IM administration is an important determinant for the fea-
sibility of a DDC.

A major inherent limitation for SC/IM administration is the
fluid characteristics (e.g., viscosity) and allowable volume for a
convenient injection, which is typically less than 2 mL per
injection. Consequently, an injectable formulation for a bio-
logic often requires a relatively high protein concentration to
achieve the therapeutic dose, which can create substantial
development challenges, such as solubility limitations, physical
instability due to aggregation, increased viscosity, and

prolonged injection time. In addition, from a user’s perspective,
injecting the full amount of a viscous solution may be difficult,
and cause discomfort and pain at the injection site. In recent
years, a number of approaches have been taken to overcome
these hurdles and improve the acceptability of SC/IM injections
from both a technical point of view and from the user’s per-
spective. One of the approaches is to use recombinant human
hyaluronidase as a pharmaceutical adjuvant together with the
biologic of interest to achieve higher injection volume. The
recombinant human hyaluronidase can transiently degrade
hyaluronic acid (aka. hyaluronan), a key structural component
of tissues, in the interstitium and thereby increase the diffusion
of proteins at the injection site,9 allowing a larger volume to be
injected.

Designing and selecting a compatible primary container clo-
sure is an integral part of the formulation development. At the
Phase 1/2a study stage, a glass vial with rubber stopper presen-
tation is widely used, which provides the convenience and flexi-
bility for dilution in order to test a wide range of doses. This
presentation may also meet the demands for a Phase 2b trial.
However, for the pivotal Phase 3 trial and beyond, one must
consider additional factors, e.g., dose requirements, patient fac-
tors and commercial preferences, when selecting and finalizing
a primary container for the final drug product presentation. If a
ready-to-use type of product is desired, e.g., PFS instead of a
traditional VS format, it should be recognized that potential
incompatibility of the biological molecules with various contact
surfaces and interaction with leachables from the glass barrel or
plunger stopper of the new container closure may present dis-
tinctive challenges. If any changes become necessary during or
after the pivotal trials, a cascade of additional stability tests as
well as formulation work will be triggered, and significant clini-
cal bridging data may also be required.12–16

Device development for injectable DDC products for biolog-
ics is a process that spans the entire period of manufacturing
process development and clinical development, and sometime
extends to the post-approval stage as part of life-cycle manage-
ment. In the past 15 years or so, driven by an increased demand
for patient-centric DDC products, device development has
gained significant momentum and been recognized as an
important part of the overall drug development plan.

Introducing a SC/IM injectable product through devices
such as PFS or AI offers a multitude of advantages. It not only
differentiates the product on the market through innovative
and user-friendly designs, but also offers economical and
patient benefits by allowing convenient self-injection and
reducing systemic health care burdens.

In the early clinical development stage, device development
activities usually focus on planning and feasibility assessment.
The activities intensify as the drug candidate advances through
the later clinical stages. The most common injectable DDC
product presentations for extravascular administration are VS,
PFS, pen injector and AI. In the VS combination, the vial is the
primary container and a separate syringe is used to measure
and deliver the therapy. In a PFS, pen injector or AI, the drug is
pre-measured and filled in the integrated product device that
also delivers the therapy. As discussed earlier, the VS combina-
tion product is often used as an early drug product presentation
in Phase 1, Phase 2a and sometimes Phase 2b proof-of-concept
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studies while device development is still underway, in parallel
with clinical development. Ideally, the to-be-marketed product,
either continuing to be the VS, or a PFS or an AI, should be
used in the pivotal trials to support its approval and labeling. In
reality, more advanced devices like AIs are often introduced to
the market after the initial product launch as an alternative
delivery system due to process gaps, technical challenges or
intended delay of investment to minimize product attrition
risks. This delay is becoming less significant as these devices for
use in injectable DDC products are gaining unprecedented
popularity and biopharmaceutical companies are investing ear-
lier than before on device development work.

Clinical comparability assessment following
manufacturing process changes

The manufacturing process for biologics is sophisticated and
complicated, and so is the development path leading to the final
process. All phases involved in the process development are
closely nested and should not proceed in isolation. From drug
substance to formulation development, and to primary con-
tainer closure, multiple iterations are often necessary to achieve
the optimum balance of drug stability, process efficiency,
patient tolerability/acceptance and other factors. Therefore,
manufacturing process development for an injectable biologic
is a convoluted process, and it is not uncommon that process
changes to the drug product need to be made while Phase 2 or
even Phase 3 clinical trials are already underway. Changes to
the manufacturing process can even occur after a product is
approved for marketing. These changes can be introduced by
altering the cell line, scaling up from pilot production to full-
scale manufacturing, improving manufacturing efficiency,
improving product quality, transferring manufacturing facili-
ties, modifying formulation or meeting regulatory commit-
ments. Compared to small molecules, biologics are much more
sensitive to manufacturing process changes, and these varia-
tions in the production process could result in alterations to
the primary, secondary, tertiary or quaternary structure of the
molecule, and have the potential for unpredictable effects on
safety and efficacy of the product.17–19,20 Consequently, com-
parison of biological products pre- and post-manufacturing
changes is required to demonstrate that the products are suffi-
ciently similar or comparable.

Risk-based comparability assessment

There is no single paradigm for comparability assessment that
would be appropriate for all, and it is well accepted that compa-
rability assessment should be a risk-based hierarchical
approach with patient safety as the primary consideration. The
degree of risk for any process change(s) is a composite of the
nature of change(s) and the timing of change(s) relative to the
clinical development timeline. The goal for a comparability
assessment is to demonstrate that the product from the new
process is “equivalent” to the pre-change product and to ensure
that data collected from studies with the pre-change product
are applicable for the post-change product; or if not, additional
studies are conducted to ensure safe product transition during
clinical development or after marketing has begun.

There are 3 components in the potential comparability data
package: analytical characterization, nonclinical assessment
and clinical assessment. Whenever manufacturing process
changes occur, robust analytical characterization would be the
minimally required data and the prerequisite for any in vivo
assessment (i.e., nonclinical or clinical). Comparison of the
product before and after process changes by analytical charac-
terization should show that the product has highly similar qual-
ity attributes and potency so that the process maintains or
improves its capabilities and that the changes have no effects
on the product’s safety and efficacy. The analytical technology
and methods used in such assessment and the associated pros-
and-cons have been discussed elsewhere21–23 and is outside of
the scope of this review. It should be recognized that, even with
the most advanced technology and methods, changes to the
complex protein molecules after process modification may not
be fully characterized.21 Therefore, the limitations of analytics
together with the risk associated with the changes and the tim-
ing of the changes dictate the rigor of the in vivo data package
(e.g., amount of preclinical and clinical data) and the degree of
assurance and stringency of the data that are necessary to dem-
onstrate comparability (Fig. 2).

In vivo comparability assessment can be conducted in ani-
mal models or directly in humans. Animal studies are mostly
used when changes occur very early during development. How-
ever, animal studies have their own inherent limitations and
have not been widely conducted to support process changes. In
principle, clinical studies are only required when major
changes, such as changes of cell line, manufacturing site, for-
mulation or manufacturing scale, occur at a late stage of clinical
development (e.g., during or after completion of pivotal trials).

During early clinical development, i.e., Phase 1 and Phase 2a
stage, it is unlikely that manufacturing processes or formulation
studies will be completed or finalized by the time these clinical
trials commence, and prototype formulation are often devel-
oped initially for use in these studies. By the time clinical devel-
opment reaches Phase 3, the manufacturing process is
generally mature and the drug product is either in its final pre-
sentation or very close to the one that will ultimately be used in
the market. Therefore, most manufacturing process changes
generally occur during Phase 1 and Phase 2, and most compa-
nies manage to complete these changes prior to initiating regis-
trational clinical studies in order to obtain the majority of the
safety and efficacy data with the final formulation, and thereby
minimize risks. However, it is sometimes necessary to make
changes during pivotal trials or after the completion of these
trials. This is when definitive and extensive clinical comparabil-
ity assessment is most likely required.

The type and scope of clinical bridging studies supporting
comparability and transition between pre- and post-change
products also depends on the nature and timing of changes rel-
ative to the clinical development stage. A PK/PD focused com-
parability approach has been widely taken to support process
changes prior to the conduct of large clinical efficacy and safety
trials. This type of study aims at providing PK or PD compari-
son between products and directly addresses the question
regarding dose selection for the pivotal efficacy and safety trials
based on the Phase 1 and 2 results. The rigor of a PK/PD com-
parability study can vary from a small and non-bioequivalence
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(non-BE) study in healthy subjects to a large BE study in
patients, and the acceptability of the approach is determined
case-by-case depending on the degree of changes and the asso-
ciated risks. Most dedicated PK/PD comparability studies are
conducted as single dose studies, with PK or PD as the primary
objective, and safety/tolerability/immunogenicity as secondary
objectives.

As the molecule moves into the later stage of clinical devel-
opment, important process changes, as aforementioned, may
trigger an efficacy and safety trial in the target patient popula-
tion with or without a stand-alone PK/PD comparability study.
In the latter case (i.e., without a stand-alone PK/PD study), PK
or PD data can be collected from the efficacy and safety trial.
Besides PK/PD data, anti-drug antibody (ADA) data, another
important parameter for comparability assessment, can also be
collected. Compared to data from a single dose PK/PD study,
ADA data from a repeat-dose efficacy and safety trial would be
more relevant for comparability assessment.

We conducted a review of mAbs approved by the Food and
Drug Administration (FDA) from January 2006 to March 2017
in order to understand the trends in the pharmaceutical /bio-
technology industry and the thinking of the FDA in compara-
bility assessment to support biologics manufacturing process
changes. The information was obtained from FDA reviews of
the original biologics license applications (BLAs) in the FDA
database (Drugs@FDA, www.FDA.gov). There were 42 mAbs
granted first approvals in this period (Table 1); data for any
supplemental approvals of these mAbs were not considered. As
specific information related to manufacturing process changes
are mostly proprietary and cannot be made public in the FDA
reviews, the nature and timing of the process changes may not
be specified in the review documents. In some cases, informa-
tion was taken from publications and clinicaltrials.gov to sup-
plement our analyses. These mAbs are categorized into 4

groups as follows, based on whether or not, and when, process
changes were made during clinical development and whether
or not dedicated animal or human PK or PK/PD comparability
studies or efficacy/safety trials were conducted to support the
product transition.

Group 1: No changes are cited in the BLA reviews and no
dedicated animal or human PK or PK/PD comparability stud-
ies were conducted.

Group 2: Changes are cited in the BLA reviews, but no dedi-
cated animal or human PK or PK/PD comparability studies
were conducted.

Group 3: Changes are cited in the BLA review and animal
PK or PK/PD comparability, but no dedicated human studies
were conducted.

Group 4: Changes are cited in the BLA review and clini-
cal trials were conducted, either dedicated human PK or
PK/PD comparability studies or PK/PD as part of efficacy/
safety trials.

Among these cases, there are 14 in Group 1 (33.3%), 11 in
Group 2 (26.2%), 3 in Group 3 (7.1%) and 14 in Group 4
(33.3%). Therefore, most mAbs in this analysis (67%; 28 of 42)
went through some degree of manufacturing changes during
development; and for half of them (14/28), clinical studies were
conducted to support the process changes. These products
were predominantly for IV (nD28) or SC (nD14) administra-
tion (including 1 product with both IV and SC options (tocili-
zumab)), except for one administered via intravitreal injection.
Fifteen IV products (»54%) vs. all SC products (100%)
involved manufacturing process changes. This is likely because
formulation development is generally more straightforward for
IV than for SC administration, reducing the chance of signifi-
cant changes. In terms of the timing of changes, 14 mAbs had
changes only prior to the initiation of pivotal trials, 2 had
changes only after, and 12 had changes both prior to and after

Figure 2. Nature and Timing of Biologics Manufacturing Process Changes Determines the Overall Potential Risk on Patient Safety and the Rigor of Comparability
Assessment.
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initiation of pivotal trials (including one likely prior to and dur-
ing the pivotal trials).

For the Group 2 cases (nD11), most (73%; 8 of 11) had pro-
cess changes only prior to the initiation of pivotal trials, and
the other three had changes both prior to and after pivotal trials
were started. All changes were deemed minor, not warranting
clinical bridging studies. Although no dedicated PK or PK/PD
studies were conducted, comparability assessment by cross-
study PK comparison or population PK analysis was performed
in 3 of the cases to supplement analytical data. In one case
(mepolizumab), FDA limited the use of PK data from earlier
trials in the label because there were significant differences in
the drug products between those earlier trials and the pivotal
trials.

In Group 3 (nD3), two mAbs had process changes only
prior to, and one had changes both prior to and after, the initia-
tion of pivotal trials. The nature of changes was related to for-
mulation change or cell line change in two cases, and not
specified for the third case. The proceeding or adoptions of
these changes were adequately justified by the Chemistry,
Manufacturing and Controls analytical data package together
with nonclinical PK comparability studies. Meanwhile, in two
of the cases, supplementary cross-study data comparison or
population PK analysis was performed to further support com-
parability assessment.

Among the Group 4 cases (nD14), four had process changes
only prior to the initiation of pivotal trials and ten had changes
after, with eight of those also having changes prior to the initia-
tion of pivotal trials. Where specified, the process changes
involved change of cell line or formulation, or site transfer.
Comparability was evaluated by dedicated PK or PK/PD com-
parability studies (nD9), dedicated bridging efficacy/safety tri-
als or as part of other efficacy/safety trials (nD4), or both PK/
PD and efficacy/safety trials (nD1). Supplementary data com-
parison across studies or population PK analysis was provided
in three of the cases.

From these examples, it can be seen that the timing and
nature of changes cannot be taken in isolation to determine the
comparability package. Even when the drug products in pivotal
trials are different from the to-be-marketed drug products, as
presented in some cases, in vivo assessment may not be needed
if the changes are minor and do not pose unknowns risks to
patient safety. However, when changes occur early, in vivo
assessment may still be necessary to justify the use of the data
from the previous version of drug product for critical decision-
making, such as dose selection or labeling. The key point is
whether or not the comparability strategy is scientifically justi-
fied based on knowns and unknowns associated with the pro-
cess change, which must be evaluated on a case-by-case basis.

Considerations in the design of human pk or pk/pd
comparability studies

As part of the comparability assessment to support
manufacturing process changes, human PK or PK/PD compa-
rability studies are essential. Major questions related to the
design of these studies include choice of study subjects, selec-
tion of dose and regimen, sample size and primary endpoints.

The choice of the population for such studies, healthy sub-
jects vs. patients, takes into account the same considerations as
for other Phase 1 studies for biologics, and is primarily driven
by the drug’s mechanism of action. While in most cases, heathy
subjects are justified, for some drugs, such as those for oncology
indications, patients may be more appropriate. When PD eval-
uation is part of a comparability study, the PD effects of interest
and their assessment and relevance in the study subjects of
choice must be considered.

Single dose parallel design is generally considered acceptable
for these studies due to slow elimination, long elimination half-
lives of biologics (days to weeks) and their propensity of elicit-
ing ADA. However, these studies offer limited information in
the comparability assessment of anti-drug antibody formation,
which, if deemed necessary, is best evaluated in repeat-dose
studies in the target patient population. Regarding dose selec-
tion, it can be in the steep part of the dose-response curve, as
recommended in the European Medicines Agency (EMA) guid-
ance document, in order to detect relevant differences, or in
accordance with the target dose for pivotal trials and market-
ing.24 If a final therapeutic dose is not determined at the time
of a comparability study, multiple dose levels may be needed,
especially if PK cannot be extrapolated from one dose to
another for reasons such as nonlinear PK or different formula-
tions at different doses.

Sample size is often the most debated question that many
face when designing comparability studies for biologics. As the
key objective of these studies is to demonstrate comparability,
not equivalency, it is not necessary to power the studies as a
standard bioequivalence (BE) study, a requirement for small
molecule generic drugs. In practice, however, BE studies are
sometimes conducted to mitigate risks and the level of accept-
able risk often drives the sample size. Predefined criteria to
declare comparability should be set in place in the data analysis
plan. The criteria should be objective and justified on a case-
by-case basis with considerations for factors such as PK vari-
ability and exposure-response relationships for efficacy and
safety parameters. While the 80-125% boundary for geometric
mean ratio (GMR) for PK parameters (i.e., a conventional BE
criteria) is routinely used in many comparability studies for
biologics, it is not a regulatory requirement.

Since these comparability studies aim to demonstrate PK
comparability, the primary objective should be comparison of
PK between pre-change and post-change products, rather than
characterization of PK profiles per se, so only the relevant PK
parameters are necessary. If PD markers are available, evalua-
tion of PD is often preferably integrated into the comparability
studies.

There are situations in which a dedicated clinical PK or PK/
PD comparability study is not sufficient to support product
changes, and additional clinical data are warranted to support
efficacy and safety, including immunogenicity. In such situa-
tions, PK or PD evaluations can be part of the endpoints for
these trials.

Among the previously reviewed cases in Group 4, ten biolog-
ics had a total of 13 reported Phase 1 PK or PK/PD trials con-
ducted, with 10 in healthy subjects and 3 in patients (all three
were for oncology indications). The key study features are sum-
marized in Table 2. Except for one conducted as a crossover
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repeat-dose study, all studies used a single-dose parallel design.
Sample size varies dramatically, being as low as 7 per arm to as
high as 175 per arm. Of note, the 90% confidence interval for a
PK parameter comparison between test and reference products
(GMR) within the standard equivalence limits of 80-125% crite-
rion is used for comparability evaluation in every case except two
(alirocumab and dupilumab). For alirocumab and dupilumab,
with a small sample size (n<20 per arm), the GMRs in the com-
parability studies were close to 1.0 and the 90% CI fell slightly
outside the 0.80-1.25 boundary. The test and reference products
in these studies were deemed comparable by the FDA [Source:
Drugs@FDA database, www.FDA.gov].

In summary, the study design for PK comparability trials
can vary substantially. While demonstrating strict BE may not
be required, all elements of a comparability study should aim at
maximizing the potential for detecting relevant differences and
be justified based on the product characteristics.

Clinical strategy to support presentation changes
for injectable ddc products

The device in a DDC product is an integral part of a biological
treatment, and an important factor in the overall safety and
efficacy of the drug product. It needs to ensure that the active
drug is delivered safely and accurately at the intended dose
level. Adding another dimension to a biological product, the
device itself requires its own design, development and
manufacturing.

Device types for DDC products

There are numerous DDC products for injectable biologics on
the market or in development, such as VS, pen injectors, PFS,
AI, and devices based on recent innovative technologies, such
as large volume wearable injector device (LVD).

A pen injector is a cartridge-based device that was intro-
duced to the market for insulin in the 1980s and has since
become widely used for peptide therapies, such as insulin and
human growth hormone. It is designed as either a disposable or
reusable injector (for either single-dose or repeat-dose), to
meet the requirements of the therapy, such as frequent manual
injections or variable doses. The volume per injection is nor-
mally within 0.5 mL, and each cartridge may hold enough
quantity of drug to accommodate multiple injections for days
or weeks depending on dosing regimen and product stability.

Other types of DDC products are mainly used for large mol-
ecule biotechnology products, such as mAbs. The VS presenta-
tion is the basic DDC format, and often the first commercially
available for many of these products. In the VS format, the
drugs are presented in the vial either in a lyophilized form for
reconstitution before injection or as a ready-for-injection liquid
formulation, and injected in a traditional way using a syringe
pre-packaged in the VS presentation.

The PFS, as the name implies, is a container closure syringe
system with a pre-attached needle and is prefilled with liquid-
based formulation (single-chamber) or lyophilized drugs
(multiple-chamber). Over the past decade, PFS has been a
fast-growing choice for biologics intended for fixed-dose SC/
IM administration because it offers great advantages over the
traditional VS format, such as convenience to both healthcare
providers and patients, reduction of dosing errors, prevention
of contamination, thereby improving safety, cost-saving by
eliminating drug overfill required for VS. The field of PFS
development continues to grow rapidly, driven by the inces-
sant search for greater capability, better safety and more
convenience.

The development of PFS is also of broad interest due to its
potential to combine with an autoinjector (AI), the widely
accepted gold standard self-injection device. For many drug
developers, PFS has been developed as the precursor for an AI
DDC product, in which a PFS is prepackaged within the AI. An
AI simplifies the use of PFS by automating the manual tasks of
needle insertion and injection, which enables caregivers or
patients to complete the injection with greater ease and
improved needle safety. Besides the advantages offered by PFS
within an AI product, using an AI may also help to reduce
emotional hurdles surrounding needle use, as well as injection-
associated pain and discomfort, and thereby facilitate long-
term adherence to a therapy. Moreover, AI can accommodate
specific features to enable self-injection for patients with man-
ual dexterity issues, such as elderly patients and those with dis-
abling diseases (e.g., rheumatoid arthritis (RA) or multiple
sclerosis (MS)).

Other devices based on emerging technologies, such as LVD,
aim at overcoming the volume limitation for SC/IM injections
and enable delivery of a larger volume of biologic therapies
than can be delivered with handheld devices (VS or PFS/AI).
For the latter, the injection volume is usually limited to 1 mL
and may not exceed 2 mL, and the injection can be completed
in less than a minute (often to be within 20 seconds by design

Table 2. Study Features of Human PK Comparability Trials to Support Manufacturing Process Changes in the FDA Database from January 2006 to March 2017.

Product Name
Number of
studies Study subjects Dose regimen Study design

Sample size
per arm (n)

Dose PK meet
BE criterion?

Is PK comparability
accepted?

alirocumab 2 HV SD parallel 12 No Yes
denosumab 2 HV SD parallel 58-59 Yes Yes
dinutuximab 1 patients RD crossover 28 Yes Yes
dupilumab 2 HV SD parallel 13-19 No Yes
evolocumab 1 HV SD parallel 175 Yes Yes
necitumumab 1 patients SD parallel 17-18 Yes Yes
panitumumab 1 patients SD parallel 7-10 Yes Yes
secukinumab 1 HV SD parallel 75 Yes Yes
siltuximab 1 HV SD parallel 58-62 Yes Yes
vedolizumab 1 HV SD parallel 23-26 Yes Yes

SD D single dose; RD D repeated dose.
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for AI). However, a LVD, for example, is a wearable and dis-
posable device that can be attached to the body to deliver a vol-
ume of greater than 2 mL in a designated period of time, and is
then removed and disposed upon injection completion. This
body-worn feature of LVD is ideal for many patients due to the
convenience of completing injections at flexible locations at
any time.

Clinical studies to support DDC product presentation
changes

Similar to manufacturing process development, DDC device
development is also an iterative and evolving process in order
to achieve the optimum balance of drug stability, safe use and
patient compliance. Development of an advanced DDC presen-
tation requires substantial financial resources and manpower.
Therefore, DDC products in the VS format are often by default
the initial product presentation used in clinical trials with a
lyophilized or a liquid formulation, and the development of
other formats (e.g., PFS or AI), if deemed desirable, usually lags
the clinical trials, making clinical bridging a necessary step
before introduced to a large population (e.g., large pivotal trials)
or the market. The type of clinical studies that are required for
bridging, in essence, are similar to those conducted in support
of manufacturing process development.

DDC device development, in large part, is driven by the
need of simple and safe self-administration for patients that
enhances user acceptability, improves patient experience and
facilitates adherence, ultimately helping to maximize therapeu-
tic outcomes. Success of any DDC product is contingent upon
its ability to provide patients or intended users a safe and reli-
able method to take the medication, as well as to promote long-
term consistent and persistent use of the product. From a regu-
latory perspective, demonstration of simple and safe handling
by patients, as well as accurate and reliable drug delivery
through usability assessment, is a key requirement to support
marketing approvals of a DDC product. Usability of devices are
normally addressed by human factor (HF) studies in the repre-
sentative target population(s), and these studies focus on
assessing the adequacy of the device-user interface in order to
eliminate or mitigate potential user related hazards.25 Through
DDC product development, HF studies are conducted to sup-
port device design and confirm if the device executes its
intended use. These studies are performed in the anticipated
patient demographic and gather actual user feedback for valida-
tion in a simulated environment; therefore, they are not consid-
ered clinical studies. The data collected in the HF studies are
objective and subjective observational data, related not to clini-
cal endpoints, but rather to the user’s interaction with the
device when injections are performed in a simulated-use setting
(e.g., injection into an injection pad) with or without the active
drug substance. For most DDC products, these HF studies are
sufficient to assess the adequacy of the device-user interface
design and to support labeling if the product is approved.

However, recently there have been increasing cases when
usability data are collected in clinical studies.26–37 The data col-
lection may be incorporated into a major clinical trial (Phase 2,
Phase 3 or open-label extension) with clinical outcomes as the
primary endpoints; alternatively, stand-alone studies (the so-

called “actual use” studies) can be conducted with usability as
the primary endpoints.

Another type of study that is commonly used to support
DDC device development involves collection of data on patient
experience and feedback. Patients’ long-term compliance with
chronic treatment is vital for the therapeutic outcome. For this
reason, it is important to understand a patient’s ability to use
the DDC product, and his/her acceptance and experience with
the product. User experience and feedback are usually collected
in the form of trainings and questionnaires, and can be built as
a stand-alone study or incorporated into other studies, includ-
ing HF studies, actual use studies or major clinical trials.26,38–41

This type of evaluation usually has not been viewed as a regula-
tory requirement for approval.

Clinical bridging studies
In the development of DDC products, the criteria used to assess
the need for clinical bridging studies are the same as that for
manufacturing changes, i.e., studies are only required when
major changes occur at a late stage of clinical development.
The process of designing and developing DDC products is
complex and involves substantial resource investment, which
explains why product presentation changes often occur rather
late. In the majority of cases (Table 3), the desired commercial
DDC product was not ready at the initiation of Phase 3 pivotal
trials or only became available close to the time of initial sub-
mission for marketing approval or even after.

Unlike manufacturing process changes, the changes of con-
cern in DDC products are related to either changes in drug
product contact (i.e., primary container closure) or changes in
technical characteristics from the original presentation to the
new presentation that have the potential to change the mode of
administration, and consequently affect PK or PD, efficacy and
safety profiles in a clinically relevant manner.

The most commonly seen presentation switching during
biologics development is either between VS and PFS or AI, or
between PFS and AI. Switching from a VS presentation to
either a PFS or an AI likely involves change in drug product
contact (i.e., primary container closure), which is a major
change requiring a clinical bridging study or studies. In con-
trast, switching from a PFS to an AI, or vice versa, the drug
product contact is likely intact as it is often the case that the
same PFS is entirely housed within the AI. Therefore, from a
primary container closure point of view, clinical bridging may
not be needed when a DDC presentation changes between PFS
and AI. However, the mode of administration via different
DDC presentations can be affected in all these switches,
depending on how the key administration specifications, such
as injection force, needle gauge, needle insertion depth, injec-
tion time, or accuracy of dose delivery, differ between the origi-
nal and the new presentations. In the case of switching from
VS to PFS or to AI, it is likely for changes to one or more of
these key specifications to occur. But it is easier to avoid or
minimize such changes when switching between PFS and AI.

If the key administration specifications for the original and
new presentations are sufficiently similar to justify that the
mode of administration is unchanged, demonstration of analyt-
ical comparability of DDC product at release and at the end of
shelf-life would be sufficient, and clinical comparability may
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not be required in support of the marketing approval of the
DDC product of interest. Otherwise, clinical bridging studies
(PK/PD comparability or outcome studies) may be warranted.
In many cases, demonstrating PK or PK/PD comparability
would be sufficient. If, however, the design of the new presenta-
tion raises concerns or uncertainties in terms of altering exist-
ing safety or efficacy profiles of the biologics, or if the PK or
PK/PD comparability study does not demonstrate comparabil-
ity, additional clinical studies for safety or efficacy will be
necessary.

In support of presentation switches, clinical PK or PK/PD
comparability studies commonly use BE criteria (80-125% for
90% confidence interval) for key PK parameters (e.g., AUC and
Cmax) to define comparability, and the size of such studies are
generally in the range of 100-300 subjects for a 2-arm parallel
design. It still remains an open question in the field whether or
not it is necessary to use the BE boundary to define comparabil-
ity for biologics. As many of these large molecules have rather
wide therapeutic windows and precise dosing is not critical, sci-
entifically it is not necessary for a comparability assessment to
be a BE exercise. In fact, trial sponsors often use BE to be con-
servative and to increase the likelihood of data acceptance by
regulatory authorities, but the number of subjects or patients is
substantially higher for a BE study than what would be required
for a study using a less conservative approach (e.g., maximum
imprecision). Ethical as well as resource factors must be taken
into account when a comparability strategy is being considered.

Among the mAbs with initial approvals from January 2006
to March 2017, there were 13 products with one or two DDC
presentations other than VS combination (e.g., PFS and AI)
approved for marketing (Table 3). Based on product

prescribing information and the information available in the
FDA BLA reviews and on the clinicaltrials.gov website, we
identified five products (alirocumab, brodalumab, daclizumab,
dupilumab and tocilizumab) that used the same presentations
in the pivotal Phase 3 trials as the commercial DDC products;
therefore, no clinical bridging studies were conducted. The
other 8 products had approved commercial DDC presentations
that were different from the one(s) used in the pivotal trials.
Among these 8 cases, 3 products (certolizumab, denosumab
and ustekinumab) used either solution-in-vial (SIV) or lyophi-
lized powder-in-vial (LYOIV) formulation administered by VS
presentation in the pivotal Phase 3 trials, but had both VS and
PFS approved. The bridging from SIV-VS or LYOIV-VS to PFS
for certolizumab and denosumab was based on PK comparabil-
ity in healthy subjects, and no information was found regarding
efficacy or safety data to support bridging. For ustekinumab, no
information, including PK comparability, was found.

Four other products (evolocumab, golimumab, ranibizumab
and secukinumab) also used either SIV-VS or LYOIV-VS in
the pivotal Phase 3 trials, but have PFS and AI approved with-
out VS in the label. For evolocumab, golimumab and secukinu-
mab, the bridging from SIV-VS or LYOIV-VS to PFS and AI
was supported by both dedicated PK or PK/PD comparability
and additional efficacy and safety data. The efficacy and safety
data were collected either within pivotal Phase 3 (switching in
the middle of a study) or in non-pivotal Phase 3 or open-label
extension studies. No clinical bridging between PFS and AI was
conducted for these three mAb drugs. For ranibizumab, no
information was found.

For ixekizumab, PFS was ready at the time of the pivotal tri-
als and was used throughout the Phase 3 program. Both PFS

Table 3. List of FDA Approved Monoclonal Antibodies DDC Products for SC Administration from January 2006 to March 2017: Clinical Studies in Support of Marketing
Approvals of DDC Products.

Product

DDC Product
Presentation in Pivotal

Trials
Commercial DDC

Product Presentation Dedicated PK or PK/PD Comparability Studies Bridging Efficacy /Safety Data

Alirocumab (Praluent) PFS and PFS pen PFS and PFS pen None None
Brodalumab (Siliq) PFS PFS None None
Certolizumab Pegol
(Cimzia)

LYOIV-VS LYOIV-VS and PFS Yes (healthy human subjects; ND149,
3-arm parallel design, between
LYOIV-VS, SIV-VS and PFS)�

No information found

Daclizumab (Zinbryta) PFS PFS None None
Denosumab (Prolia or
Xgeva)

SIV-VS SIV-VS (Xgeva) and
PFS (Prolia)

Yes (healthy human subjects; ND147,
2-arm parallel design, between
SIV-VS and PFS)

No information found

Dupilumab (Dupixent) PFS PFS None None
Evolocumab (Rapatha) SIV-VS PFS and AI pen Yes (healthy human subjects: one 2-arm

parallel design study between SIV-VS
and AI with ND350, and the other 2-arm
parallel design study between PFS and AI with
ND96)

Yes: AI used in non-pivotal Phase III studies

Golimumab (Simponi) SIV-VS and PFS PFS and AI Yes (healthy human subjects): ND156,
2-arm parallel design, between
SIV-VS and AI

Yes: VS to PFS switching occurred during
Phase III trials at Week 24, and AI was used
in OLE

Ixekizumab (Taltz) PFS PFS and AI Yes (patients: ND204, 2-arm parallel design,
between PFS and AI)

None

Ranibizumab (Lucentis) SIV-VS PFS No information found No information found
Secukinumab (Cosentyx) LYOIV-VS PFS and AI Yes (healthy human subjects:ND150, 2-arm

parallel design, between LYOIV-VS and PFS)
Yes: PFS and AI used in small non-pivotal
Phase III trials; and LYOIV by VS and AI in
OLE for safety evaluation in post-marketting
setting

Tocilizumab (Actemra) PFS PFS None None
Ustekinumab (Stelara) SIV-VS SIV-VS and PFS No information found No information found
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and AI were approved in the initial approval, and there was PK
bridging data in patients in a non-pivotal Phase 3 study sup-
porting the approval of AI.

For all cases where there were cited PK or PK/PD compara-
bility studies, the sample sizes are in the range of approximately
50-175 per arm, and PK comparability was declared per BE cri-
teria (Table 3). For 3 of the 4 cases where both PFS and AI
were approved (evolocumab, golimumab, secukinumab, ixeki-
zumab), available information in the data source indicated that
the approved presentations contained the same solution formu-
lation and the same primary syringe for all except for evolocu-
mab, for which no such information was found.

Usability assessment in real-world clinical settings
Usability assessment is primarily carried out with HF studies,
as discussed previously, and this usually satisfies the regulatory
requirements. However, recently there seems to be an upswing
in the trend of conducting clinical trials for such assess-
ment.26–37 Unlike HF studies, which are well defined regula-
tory-required studies, usability assessment in real-world
clinical settings in terms of trial conduct and the required out-
comes have not been specifically described in regulatory guid-
ance documents. A search of the ClinicalTrials.gov website
returned 15 studies for injectable DDC products (specifically,
mAbs) involving either PFS or AI devices, with usability as
the primary or secondary endpoints (Table 4). A review of
these studies shows that various measurements with usability-
related endpoints have been used, either in major clinical trials
or in stand-alone clinical actual use studies, and the measure-
ments collectively assess successful and safe self-administra-
tion (device failure, use failures, PK/exposure monitoring),
occasionally with endpoints addressing patient preference and
acceptability. “Major” clinical trials refer to Phase 2, Phase 3
or open-label extension studies with clinical outcomes as main
objectives. Actual use studies are those with usability assess-
ment and device-use related safety (e.g., pain, injection site
reactions) as main objectives conducted in the target patient
population. Five of the 15 studies are major clinical trials, 9
studies are actual use studies in target patient populations,
and 1 study is a usability study in healthy subjects.

Although there are similar issues that can be addressed by
both a HF study and usability assessment in a major clinical
trial or an actual use study, there are some issues that can only
be addressed in real-world clinical settings. A critical aspect of
a DDC product is the accurate delivery of the intended dose by
the device, which can be affected by various user-related fac-
tors, such as user ability and probability for user errors.42–45 In
some disease populations, administration of injectable therapies
using any device may prove difficult and it is imperative to
understand and evaluate user-related factors in usability assess-
ments. It has been reported that patients may make errors in
drawing and injecting the correct dose of insulin due to reduced
manual dexterity or impaired eyesight. In a study by Kesson
and Bailie it was demonstrated that there could be considerable
error in insulin dosage. They reported that older diabetic
patients (mean: 58 years old; range: 41-77 years old) were both
highly inaccurate and less consistent in drawing up their pre-
scribed doses of insulin with a percentage error of approxi-
mately 19.3% in the accuracy of the insulin doses drawn, as

compared to 5.8% in a younger group of patients (mean:
23 years old; range: 13-36 years old).46 Another study reported
a smaller but still significant inaccuracy, approximately 12.2%
(mean) in a diabetic population of syringe users aged
>55 years.47 Therefore, usability assessments done in a real-
world clinical setting can provide the most relevant data
regarding patients’ ability to use the product and the potential
clinical impact.

Regulatory requirements on injectable ddc products
for biologics

Over the past decade, there has been a steady increase in the
number of combination products. Among these, many fall into
the category of injectable DDC products. This rapid growth of
injectable DDC products, as well as their inherent complexity,
unavoidably presents unique regulatory challenges.

There are specific and well-developed regulatory require-
ments regulating manufacturing processes and quality aspects
of each of the constituent parts of injectable DDC products, but
there is a great need for a more streamlined and integrated reg-
ulatory framework for the combination products. Responding
to the need, FDA finalized its regulation (21 CFR part 4) in
2013;48 and provided a draft guidance “Current Good
Manufacturing Practice Requirements for Combination Prod-
ucts” in 2015 and the final guidance in January 2017.49 In the
European Union, in addition to the existing guidelines, EMA
indicated its intention to develop a new guidance document on
quality requirements of medicinal products containing a device
component for delivery or use of the medicinal product, and
released a new concept paper on this guidance in February
2017.50 It is clear that continuous efforts are underway within
regulatory agencies to address manufacturing and quality issues
related to DDC products, including injectable mAbs.

In comparison, there are more gaps in regulatory require-
ments for clinical investigations in support of injectable DDC
product development and approval. The FDA first developed
and released the comparability guidance “Demonstration of
Comparability of Human Biological Products, Including Thera-
peutic Biotechnology-derived Products” in 1996 to respond to
the expansion in biotechnology product development. In this
guidance, the general considerations for clinical comparability
studies were outlined.51 Similar guidance documents were
released by the EMA and other health authorities. With collec-
tive efforts across health authorities in the world and in part-
nership with biopharmaceutical industry, the International
Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use Q5E guide-
line52 was published in 2005, which was later adopted by the
FDA; and to date it is still being accepted and referenced glob-
ally.53 For the most part, this guidance is very useful for estab-
lishing a comparability strategy to address manufacturing
process changes, but not as much for device transition during
DDC product development. The most relevant regulatory guid-
ance related to device switching for injectable mAb products
and the required clinical data package is the FDA’s guidance
document specifically for RA drug development, which is
understandable as the RA population is among the first to use
injectable mAb and other protein DDC products and has a
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Table 4. Clinical Studies with Usability-related Outcome Measurements for mAb DDC productsa.

Product Trial Title Usability Outcome Measurements Trial Type
Estimated
Enrollment

Trial
Identifier

Adalimumab A Multicenter, Randomized, Open-Label Study
of the Injection Time and Usability of the Physiolis
Syringe and Autoinjector in Injection-Experienced
Rheumatoid Arthritis Patients

Participants’ overall satisfaction with the
drug administration experience using
the physiolis syringe/autoinjector in
comparison to the current syringe/
autoinjector; Injection duration

Actual Use 85 NCT01163617

Adalimumab An Open-labelled, Single-arm, Multicentre
Clinical Study to Evaluate the Usability and Safety of
the Pre-filled Pen and Pre-filled Syringe of SB5 in
Subjects With Rheumatoid Arthritis

Overall impression and subject preference of
SC delivery administration using
questionnaire

Actual Use 49 NCT02565810

Belimumab An Open-Label Single-Arm Study to Evaluate the
Reliability of an Autoinjector That Administers
Belimumab Subcutaneously in Subjects With
Systemic Lupus Erythematosus

Number of subjects successfully able to
self-administer their observed doses in clinic
and unobserved doses outside clinical setting

Actual Use 95 NCT02124798

Bococizumab A 12 Week, Phase III, Double-blind, Randomized,
Placebo-controlled, Parallel Group Study to Assess
the Efficacy, Safety, Tolerability and Actual Use of
Bococizumab and an Autoinjector (Pre-filled Pen) in
Subjects with Primary Hyperlipidemia or Mixed
Dyslipidemia

Delivery system success rate; Delivery system
success rate Observer Assessment Tool;

Major Clinical
Trial

299 NCT02458287

Dupilumab An Open-label, Randomized, Actual Use Study
of Dupilumab Auto-injector Device in
Patients With Atopic Dermatitis

Number and type of validated device-
associated product technical failures
(PTFs); Number of patients with PTF; Number
and type of product technical complaints
(PTCs); Number of patients with PTC; Type of
AI device-associated failed drug deliveries
excluding PTF; Number of patients with an AI
device-associated failure to deliver dose;
Patient satisfaction with the AI device by
questionnaire

Actual Use 168 NCT03050151

Etrolizumab A Phase I, Open-label, Single-arm Study in
Healthy Subjects to Evaluate Pain, Tolerability,
Safety, and Usability of a Prefilled Autoinjector to
Self-administer Etrolizumab Subcutaneously

Percentage of participants with probable
root-causes of AI usage errors

Otherb 27 NCT02629744

Evolocumab A Multi-center, Randomized Study in Subjects
with Primary Hypercholesterolemia or Mixed
Dyslipidemia to Assess Subjects’ Ability to
Administer a Full Dose of Evolocumab (AMG 145)
in Home-use, Using Either a Prefilled Syringe or a
Prefilled Autoinjector/Pen

Percentage of Participants With Full
Administration of Evolocumab

Actual Use 149 NCT01849497

Guselkumab A Phase III, Multicenter, Randomized, Double-
blind Placebo-controlled Study Evaluating the
Efficacy and Safety of CNTO 1959 (Guselkumab)
Delivered Via a SelfDose (TM) Device in the
Treatment of Subjects With Moderate to Severe
Plaque-Type Psoriasis

Number of participants with successful,
problem-free injections; Self-injection
assessment questionnaire; Number of
participants who had full delivery of the dose
confirmed by inspection of the device

Major Clinical
Trial

78 NCT02905331

Mepolizumab An Open-label, Single Arm, Repeat Dose, Multi-
centre Study to Evaluate the Use of a Safety Syringe
for the Subcutaneous Administration
of Mepolizumab in Subjects With Severe
Eosinophilic Asthma

Proportion of subjects successfully able to
self-administer their observed third dose
in clinic or unobserved second dose outside
clinical setting

Actual Use 55 NCT03021304

Mepolizumab An Open-label, Single Arm, Repeat Dose, Multi-
centre Study to Evaluate the Use of an
Autoinjector for the Subcutaneous Administration
of Mepolizumab in Subjects
With Severe Eosinophilic Asthma

Proportion of subjects successfully able to
self-administer their observed third dose
in clinic or unobserved second dose outside
clinical setting

Actual Use 158 NCT03099096

M923 (Momenta
Pharmaceuticals)

An Open-label Single-arm Multicenter Study to
Evaluate Usability of a Subcutaneous (SC)
Autoinjector (AI) for a Proposed Adalimumab
Biosimilar (M923) in Subjects With Moderate to
Severe Rheumatoid Arthritis (RA)

Usability of the auto-injector assessed by the
participant ratings captured in the PRE- and
POST-Self-injection Assessment Questionnaire
(SIAQ); Observer assessment of usability of
the autoinjector by the participants

Actual Use 51 NCT02722044

Sarilumab A Multicenter, Randomized, Open-Label, Parallel-
Group Usability Study Of The Sarilumab
Auto-Injector Device And A Prefilled Syringe In
Patients With Moderate To Severe Active
Rheumatoid Arthritis Who Are Candidates For
Anti-IL6R Therapy

Number of validated AID-associated product
technical failures (PTFs)

Actual Use 217 NCT02057250

(Continued on next page)
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greater variety of DDC products available compared to other
patient populations.54 There is a specific section in this FDA
document dedicated to “Drug-Device Combination Product
Considerations”. While the general principle, i.e., “the extent of
clinical data needed depends on the nature of the change and
the development stage”, is applicable to all products for RA as
well as for other diseases, it is questionable whether the mini-
mally required data package outlined in this document is
appropriate or necessary in all situations for all products, even
within RA. The example FDA provides in the document is a
transition from a PFS to an AI, and FDA states that the clinical
data package “involves the following, at a minimum: (1) human
factor studies to evaluate potential use-related risks of the mod-
ified combination product; (2) a pharmacokinetic bridging
study that demonstrates similar delivery of the drug product to
the same biospace across a range of body weights; and (3) real-
life patient handling experience to assess device performance as
discussed above. Depending on the extent of the proposed
changes, additional clinical data may be needed to support effi-
cacy and safety, including immunogenicity”. HF studies, as dis-
cussed previously, are not clinical studies, but are normally
required for all DDC products. PK bridging studies, however,
may not be needed in cases where it is fully justified that the
original device and the new device are identical in primary con-
tainer closure and mode of administration. Real-world usability
assessment has become common for injectable DDC products,
especially those for patients with disability and dexterity issues.
There are, however, many questions to be addressed regarding
usability assessment in clinical trials. Establishing the reliability
or usability of injection devices in the real-world clinical setting
using the real product in the target patient population is clearly
an objective, but these trials have been conducted using a num-
ber of different approaches and endpoints (Table 4). Although
clinical trial requirements should be product specific, standard
requirements for these studies with respect to design, conduct
and expected outcomes are also needed. The biopharmaceutical
industry has reached a crucial point that calls for guidance and

recommendations from regulatory authorities regarding
injectable DDC products, which will foster consistency in prac-
tice, and promote quality and efficiency in DDC product
development.

The future success of injectable DDC product development
for mAbs will rely heavily on a streamlined and transparent sci-
ence-based regulatory system. The currently available regula-
tory framework for development and marketing approval of
these products needs to be further clarified and expanded.
There is an urgent need for greater partnership between the
regulatory bodies and the industry to make this happen and
bring meaningful progress to the field.

Conclusion

The development of injectable DDC products for biologics is
now a strategic imperative across the biopharmaceutical indus-
try with important implications for product value propositions.
There is also a high demand for DDC products in many thera-
peutic areas, driven by the desire for more convenience for
patients and health care providers, less economic burden and
better treatment compliance in long-term disease management.

Both manufacturing process development and device devel-
opment for injectable DDC products are continuously evolving
and iterative processes. When significant changes are made at a
relatively late stage during clinical development of a DDC
product, clinical bridging studies may be required. The rigor of
the clinical data package required to support the transition
between pre-change and post-change products depends on the
nature and timing of the changes. The review of FDA-approved
injectable DDC products for biologics, specifically mAbs, in
recent years has revealed the current trends and common prac-
tices for designing and conducting clinical comparability stud-
ies as well as other supportive studies.

There have been great initiatives within health authorities in
the United States and Europe for more streamlined and trans-
parent science-based regulatory framework to guide DDC

Table 4. (Continued )

Product Trial Title Usability Outcome Measurements Trial Type
Estimated
Enrollment

Trial
Identifier

Secukinumab A Randomized, Double-blind, Placebo Controlled,
Multicenter Study of Subcutaneous Secukinumab in
Prefilled Syringes to Demonstrate Efficacy After
Twelve Weeks of Treatment, and to Assess the Safety,
Tolerability, Usability and Long-term Efficacy in
Subjects With Chronic Plaque-type Psoriasis

Self-administered self-injection assessment
questionnaire (SIAQ) score and investigator /
site staff observation

Major Clinical
Trial

177 NCT01555125

Secukinumab A Randomized, Double-blind, Placebo Controlled,
Multicenter Study of Subcutaneous Secukinumab in
Autoinjectors to Demonstrate Efficacy After Twelve
Weeks of Treatment, and to Assess the Safety,
Tolerability, Usability and Long-term Efficacy in
Subjects With Chronic Plaque-type Psoriasis

Self-administered self-injection assessment
questionnaire (SIAQ) and investigator /site
staff observation

Major Clinical
Trial

182 NCT01636687

Secukinumab A Randomized, Double-blind, Placebo-controlled
Phase III Study of Secukinumab to Demonstrate the
Efficacy at 16 Weeks and to Assess the Long-term
Safety, Tolerability and Efficacy up to 3 Years in
Subjects With Active Ankylosing Spondylitis

Pre-filled syringe usability, possible hazard
and patient satisfaction assessment by the
self-injection assessment questionnaire (SIAQ)

Major Clinical
Trial

226 NCT02008916

aThe search was conducted on ClinicalTrials.gov website on May 24, 2017 using keywords: “usability” AND “injection”, or “actual use” AND “injection” or “usability” AND
“prefilled syringe” or “usability” AND “autoinjector”, or “use” AND “prefilled syringe” or “use” AND “autoinjector”. All returned results were reviewed and only those with
usability assessments for monoclonal antibodies are included in this list.
bThis study is a usability assessment study in healthy subjects, not in target patient population; therefore, not considered as an actual use study.

MABS 31



product development, but gaps still remain. The future success
of injectable DDC product development for biologics undoubt-
edly depends on strong collaboration between regulatory agen-
cies and the biopharmaceutical industry with aligned
expectations and defined goals.
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