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Abstract
A 505(b)(2) application is a type of US new drug application (NDA) that contains full reports of investigations of safety and
effectiveness, but where at least some of the information required for approval comes from studies not conducted by or for the
applicant and for which the applicant has not obtained a right of reference. Most 505(b)(2) applications consist of changes to a
previously approved drug product (ie, a new dosage form, new routes of administration, etc). Sponsors often face challenges
determining the studies to be conducted to support approval via 505(b)(2) pathway. This 5-year (2012-2016) retrospective
analysis reviewed approved 505(b)(2) NDAs available on the FDA website, to determine the nature of studies (preclinical, clinical
pharmacology, and efficacy/safety) conducted for various types of submissions and to better understand the trends in terms of
regulatory requirements. The database consisted of 226 NDAs. One hundred twelve of those 226 had complete FDA review
information, with the following FDA submission classes being more prevalent: type 3, new dosage form; type 4, new combination;
and type 5, new formulation or new manufacturer. Therefore, only these 112 NDAs were further examined as they could show
trends in terms of the studies conducted for various types of applications. Based on the investigation of NDA review documents,
coupled with guidance documents, decision trees for studies to be conducted have been developed, which may serve as a guide of
recommendations for a successful 505(b)(2) development program and NDA submission.
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Background

In 1999, the FDA published the Draft Guidance for Industry

Applications Covered by Section 505(b)(2) which introduced

this section of the Federal Food, Drug, and Cosmetic Act and

described certain regulatory aspects such as eligibility, submis-

sion, and patent/exclusivity protection. By definition, the

505(b)(2) application is “an application that contains full

reports of investigations of safety and effectiveness but where

at least some of the information required for approval comes

from studies not conducted by or for the applicant and for

which the applicant has not obtained a right of reference.”1 The

505(b)(2) is a pathway for new drug products that includes

changes compared to an existing product, such as new formu-

lations, routes of administration, and intended use. A drug

submitted via 505(b)(2) can be approved based on data from

studies not conducted by the sponsor, by relying on (1)

Agency’s previous findings of safety and effectiveness (AFSE)

of an approved drug; and/or (2) clinical and preclinical studies’

data from published literature without the right of reference.

This requires not only a successful bridging to an RLD (refer-

ence listed drug), by the means of relative bioavailability (BA)

or bioequivalence (BE) studies, but also some potential addi-

tional studies that may be needed to fully support efficacy and/

or safety of the new product. If the sponsor has access to the

originator data (ie, right of reference), then a supplemental

NDA or the 505(b)(1) pathway would be applicable for the

previous changes.

In light of the recent growing interest in the 505(b)(2) path-

way, the industry finds itself looking for guidance on the spe-

cifics of the clinical development program of these NDAs. In

addition to the specific FDA draft guidance on 505(b)(2), the

FDA published a draft guidance on “Determining Whether to
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Submit an ANDA or a 505(b)(2) Application” that guides spon-

sors on the type of submissions (generic vs 505(b)(2)) that

should be applicable to their specific drug, and an article that

provides an overview of some clinical pharmacology aspects

seen in approved 505(b)(2) NDAs.2,3 However, these guides

do not provide details regarding drug development aspects.

Since 505(b)(2) applications are considered NDAs, review of

some US requirements described in the 21 CFR (Code of

Federal Regulations) Title 21, Ch. I (ie, Part Sections

320.27; 320.24; 320.25; 320.22; 300.50; 314.50)4 and various

FDA guidance documents provides valuable information

regarding the design and conduct of studies submitted in

NDAs in general.5-13 It is critical to understand FDA’s expec-

tations in order to facilitate discussion with the Agency

through pre-IND or other FDA meetings, and to avoid defi-

ciencies in terms of data supporting approval for a new prod-

uct submitted under the 505(b)(2) pathway.

This retrospective analysis aims to provide not only an over-

view of recently approved 505(b)(2) NDAs (2012-2016), but

also to summarize the trends in the studies conducted to sup-

port NDA approval. It is important to recognize that, without a

thorough understanding of the regulatory history, the clinical

studies for each product may have been done to meet (1) FDA

requirements, (2) other agency requirements, and (3) sponsor

choice. However, upon the particular type of modifications

made in the new drug product as compared to an RLD,

as defined by the FDA submission classification type

(Table 1),13 the recommendations concerning the preclinical,

clinical, and especially the clinical pharmacology studies to

support a 505(b)(2) NDA will be discussed. The ultimate

objective of this review is to allow an easier navigation

through the various types of 505(b)(2) submissions for drug

development organizations.

Materials and Methods

For the first part of this retrospective analysis, a search of the

FDA website was conducted to retrieve all 505(b)(2) NDAs

approved between January 2012 and December 2016, from

“NDA and BLA Calendar Year Approvals.”14 In addition,

information regarding brand names, FDA submission classifi-

cation type, dosage form, and routes of administration, were

collected from FDA’s Approved Drug Products database

(drugs@FDA) to provide a general overview of 505(b)(2)

approvals across the last 5 years, complemented by information

from the FDA’s “Orange Book” database, if needed.15,16

For the second part, an in-depth review of the selected prod-

ucts’ Drug Approval Package was performed, with an emphasis

on the following NDA review sections: Summary, Medical,

Pharmacology, and Clinical Pharmacology Biopharmaceutics.

Only products with available reviews were included. A data-

base was built including information about the RLD, the type

of clinical pharmacology studies, the presence or absence of

preclinical and clinical/efficacy or safety studies, as well as the

Agency’s recommendations for approval communicated during

pre-IND or pre-NDA meetings. Only NDAs for submission

classifications prevalent enough to identify trends in the types

of studies were retained in this part of our investigation and in

the final discussion. This review article will highlight the

nature and rationale behind the studies conducted, and provide

decision trees that were created based on the trends observed

for various types of oral drug products approved via the

505(b)(2) regulatory pathway, and further review of various

FDA guidance documents.

Results and Discussion

General Overview of 505(b)(2) NDAs
Approved From 2012 to 2016

A total of 226 505(b)(2) NDAs were approved over this period

of 5 years, and the number of approvals was generally consis-

tent year to year (Figure 1).

Of the 226 NDAs, FDA provided the submission classifica-

tion types in 224 cases, which are illustrated in Figure 2. The

following FDA submission classes were the most prevalent:

type 5 (new formulation or new manufacturer; 43.3%); type

3 (new dosage form; 28.6%); followed by type 4 (new combi-

nation; 12.9%). New molecular entities and new active ingre-

dients (type 1 and 2, respectively) were rare, most likely

because such products would typically be submitted as

505(b)(1) NDAs. This classification tool allowed the research-

ers to filter and better understand the nature of the drug prod-

ucts submitted via the 505(b)(2) pathway. However, even

though a specific category was assigned by the FDA, in some

cases, various modifications could be seen (eg, type 3 products

could include a changed formulation, a new route of adminis-

tration, an altered excipient, or a new strength).

Studies Submitted for the Most Prevalent
Types of 505(b)(2) Products

Out of the 226 NDAs previously described, 181 had Drug

Approval Packages available on the FDA website. In addition

to that, out of these entries, 112 NDAs were of a submission

classification type prevalent enough to show trends with regard

Table 1. FDA Submission Classification Types.13

Type Definition

1 New molecular entity (NME)
2 New active ingredient
3 New dosage form
4 New combinationa

5 New formulation or new manufacturer
6 New indication
7 Drug already marketed without an approved NDA
8 Over-the-counter (OTC) switch
10 New indication submitted as distinct NDA- not consolidated

Abbreviation: NDA, new drug application.
aFor a new drug-drug combination of 2 or more active ingredients.
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to the type of studies submitted by the sponsors, and were

retained for this part of the discussion (ie, types 3, 4, and 5).

In fact, 51 NDAs were excluded because of their low preva-

lence with respect to type (Figure 2) and nontypical case-by-

case 505(b)(2) NDAs (n ¼ 5). Moreover, 18 NDAs submitted

as type 7 were not included in this review as these did not

represent a change to an RLD.

Table 2 identifies the types of studies conducted for the

selected 505(b)(2) applications relative to the submission clas-

sification type for types 3, 5, and 4 (new dosage form, new

formulation, or new combination respectively).

The following studies were only found very rarely in the

reviewed NDAs: pharmacokinetic (PK) studies in patients

with hepatic impairment or renal impairment; QT prolonga-

tion studies; drug-drug interaction (DDI) studies evaluating

interactions of the drug product with either enzymatic or

transporter inhibitors/inducers, or with commonly used con-

comitant drug; preclinical toxicology, genotoxicity, carcino-

genicity, and reproductive toxicity studies. These studies were

not included in Table 2 as they were requested by the Agency

to address preexisting deficiencies in the label of the RLD.

Therefore, the following discussion will rather focus on the

additional studies frequently requested to support modifica-

tions to RLDs.

Choice of the RLD
A scientific bridge to a relevant RLD is required if the sponsor

relies on the AFSE of an already approved drug. An RLD is

chosen based on available drugs that contain the same active

pharmaceutical ingredient (API). A side-to-side comparison of

labels identifies the most appropriate RLD (eg, in terms of

route of administration or formulation), while keeping in mind

that the level of similarity between the proposed product and

the RLD could have an impact on the number of studies to be

conducted. However, the Agency should agree with the choice

of the RLD before beginning the process of the new drug

development. In some cases, when the selected RLD was no

longer available (eg, discontinued for reasons other than safety

and effectiveness), the comparator drug was a product

approved via the ANDA pathway, and which was designated

as the reference standard in the Orange Book. However, safety

and efficacy data were derived from the original NDA of the

discontinued product in such cases. In certain situations, it

might be necessary to use multiple RLDs during the develop-

ment of the proposed product (eg, for fixed-dose combination

[FDC] products where sponsors are combining two already

approved oral drug products). It may also be required to con-

duct bridging studies with different RLDs in order to seek

multiple indications. As an example, methotrexate auto-

injector for subcutaneous administration (NDA 205776)

required two bridging studies: one for BA/BE compared to

methotrexate intramuscular injection RLD, and one to obtain

approval for additional indications specific to the methotrexate

sodium oral tablet RLD.15

Bridging approaches
In 69.6% of these NDAs (n ¼ 112), a scientific bridge was

established by a single-dose BA/BE study comparing PK of

the new product and RLD (Table 3), which is in line with the

FDA Draft Guidance for Industry on Applications Covered By

Section 505(b)(2).1 Even though a relative BA study was per-

formed, BE did not necessarily have to be demonstrated. In

fact, there are situations where the proposed product is

expected to have a rate and/or extent of BA (ie, maximal

concentration [Cmax] and/or area under the curve [AUC]) dif-

ferent than the RLD, because of the nature of the formulation

change (eg, new extended-release [ER] product), or because

an improvement in terms of PK characteristics is anticipated

(eg, drug with a more rapid onset of action). On the other

hand, any differences in BA had to be typically supported

by additional clinical trials. If the exposure was lower than

the RLD, additional studies could be required to confirm effi-

cacy of the new product. In contrast, additional studies could

be required to support safety if the exposure was higher than

the RLD. For example, a new meloxicam capsule with

reduced particle size (NDA 207233) was developed in order
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Figure 1. Number of 505(b)(2) approvals per year from 2012 to
2016.
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Figure 2. FDA submission classification of drug products approved
via 505(b)(2) pathway from 2012 to 2016 (n ¼ 224). Refer to Table 1
for FDA submission classification types.
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to obtain a more rapid absorption, which was demonstrated by

time to peak concentration that was 2 hours earlier than the

RLD (meloxicam tablet).15 However, as this resulted in a 33%
reduction in Cmax, the sponsor had to conduct a clinical trial to

confirm that efficacy and safety of the new product in the

targeted population was still equivalent to that established

by the RLD.

As shown in Table 3, other scientific bridging approaches

were also occasionally adopted. For example, a PK/PD study

may serve as a bridging approach to support the approval of a

new drug delivery system (eg, a new modified-release [MR]

dosage form of an immediate-release [IR] RLD) that may show

some differences in PK, as compared with the RLD.5 A good

understanding of the exposure-response relationship is then

required to demonstrate that the difference in BA would not

lead to a different therapeutic outcome. When a PD endpoint

can be considered as surrogate marker of the clinical outcome,

such a PK/PD approach may waive the need for additional

efficacy/safety trials. For example, for a new cysteamine bitar-

trate delayed-release (DR) capsule (NDA 203389), the effect

on reduction in white blood cells was compared to the IR RLD

in healthy volunteers.15 In certain situations, sponsors can also

demonstrate the concentration-response relationship in vitro, in

lieu of an in vivo assessment. That was the case of argatroban

IV injection (NDA 206769), where equivalence with the RLD

was established in vitro by measuring the anticoagulant PD

Table 2. Prevalence of Various Studies Conducted for Different Types of 505(b)(2) NDAs.a

Type of Studies
Conducted

Number of NDAs (% of Total Reviewed) According to Change in Drug Product

New Dosage Form or New formulation Altered
Excipientb

New
Strength

New Route of
Administration

Oral Formulations Parenteral
Formulations

IR
Products

ER
Products

DR
Products

FDC
Products

Preclinical 1 2 1 6 2 10 3 6
(5) (11) (20) (33) (22) (50) (27) (54)

Single-dose BA/BE 16 17 4 18 6 3 7 7
(80) (94) (80) (100) (66) (15) (63) (63)

Multiple-dose BA/BE – 13 3 3 – 1 – –
(72) (60) (37) (5)

In vivo BA/BE waiver 4 – – – 3 15 1 2
(20) (33) (75) (9) (18)

PK/PD – 1 1 1 – 3 2 2
(5) (20) (5) (15) (18) (18)

Food-effect 20 17 5 18 – 2 5 –
(100) (94) (100) (100) (10) (45)

Dose-proportionality 3 4 2 2 – 1 3 –
(15) (22) (40) (11) (5) (27)

Drug-drug Interaction – – – 12 – – – –
(66)

in vitro EtOH dose
dumping

– 13 3 4 – 1 – –

(72) (60) (22) (5)
Safety/efficacy 5 11 4 17 – 2 5 6

(25) (61) (80) (94) (10) (45) (54)
Specific Safety 1 2 2 – – 1 1 –

(5) (11) (40) (5) (9)
Total of NDAs 20 18 5 18 9 20 11 11

(100) (100) (100) (100) (100) (100) (100) (100)

Abbreviations: BA/BE, bioavailability/bioequivalence; DR, delayed-release; ER, extended-release; EtOH, alcohol; FDC, fixed-dose combination; IR, immediate-
release; NDAs, new drug applications; PK/PD, pharmacokinetics/pharmacodynamics.
aThis table presents the number of NDAs that included specific studies according to changes in drug product.
bContent changed, added or removed excipients.

Table 3. Bridging Approaches.

Bridging Approaches NDAs (%)

Preclinical 5 (3.9)
Single-dose BA/BE 78 (69.6)
In vivo BA/BE waiver 25 (20)
PK/PD 3 (2.3)
Dose proportionality 1 (0.7)
Total 112

Abbreviations: BA/BE, bioavailability/bioequivalence; NDAs, new drug
applications; PK/PD, pharmacokinetics/pharmacodynamics.

131 Therapeutic Innovation & Regulatory Science 54(1)



activity (ie, prothrombin time) in pooled donor human plasma

spiked with clinically relevant concentrations of both products

individually.15

Nevertheless, in 20% of NDAs, sponsors have referenced an

RLD and relied on the AFSE without conducting any bridging

studies to the RLD in question. Table 4 shows the rationales

that can support an in vivo BA/BE waiver (biowaiver).

In vivo BA/BE waivers were rather requested on either two

major bases. First, as per the FDA Draft Guidance for Industry

“Waiver of In Vivo Bioavailability and Bioequivalence Studies

for Immediate-Release Solid Oral Dosage Forms Based on a

Biopharmaceutics Classification System,” a demonstration of

in vivo BA/BE may not be necessary for drug products contain-

ing class 1 (high solubility–high permeability) and class 3 (high

solubility–low permeability) drug substances, as long as the

inactive ingredients used in the dosage form do not signifi-

cantly affect absorption of the API.6

Second, biowaivers may also be justified as per 21 CFR

320.22(b) entitled “Criteria for Waiver of Evidence of In Vivo

Bioavailability or Bioequivalence,” where the BA/BE of a drug

product may be self-evident.4 Among the NDAs that were

reviewed, these criteria were applied for parenteral solution

(n ¼ 19) and for oral solutions (n ¼ 3). However, in these

cases, the Agency recommended that sponsors provide ade-

quate justifications with regard to any differences between the

proposed product and the RLD (eg, components and their com-

position, indication, stability, instructions for dilution, pH and

osmolality, delivered volume, and infusion rate), and their

potential impact on clinical safety and efficacy, such as in NDA

207131 for cefazolin sodium intravenous product.15

Food-effect studies
For almost all 505(b)(2) NDAs of orally administered products,

regardless of the changes made (Table 2), a study evaluating

the effect of food on the BA of the new drug was conducted. In

some rare cases of IR andMRNDAs, BE studies (Test vs RLD)

under both fasting and fed conditions have been conducted, as

typically recommended for products submitted as ANDAs.9

However, as per the “Guidance for Industry on Food-Effect

Bioavailability and Fed Bioequivalence Studies,” for NDAs,

including 505(b)(2)s, a BA/BE study under fasting conditions

(Test vs RLD) and a food-effect study on the new product (fast

vs fed) would usually be recommended.9

Based on the experience of our own organization, it is also

possible to somehow streamline the development by combining

the fasting BA/BE assessment with the food-effect evaluation,

through a 3-way crossover trial, that is, test product and the

RLD administered in fasting conditions, with an additional

third arm for the test product administered under fed condi-

tions, thereby providing the fast and fed comparison. The

Agency typically accepted this approach, which may save time

and reduce costs of development.

Clinical efficacy/safety studies
In the case of 50 of 112 NDAs, sponsors could not rely solely

on the AFSE of the RLD and conducted a clinical efficacy/

safety study in addition to the BA/BE study.

The Agency stated in many reviews such as in NDA 204768,

indomethacin oral capsule, that “when BE criteria is not met,

the number of adequate and well controlled phase 3 efficacy

studies will depend on the similarities in the concentration-time

curves of the reformulated drug compared to RLD.”15 Other-

wise, proper justification for the lack of such studies could be

provided, such as a large therapeutic index or a good under-

standing of the PK/PD relationship.

However, even when BA/BE criteria are met, a clinical

efficacy/safety study is still usually required in the situations

presented in Table 5.

In the case of new FDC products, a demonstration of the

therapeutic advantage of the FDC over each monotherapy

should be demonstrated, as required by the combination rule

stated in 21CFR 300.50(a).4 This information can be acquired

from published literature or from previous NDAs. For example,

in the case of the oral perindopril arginine and amlodipine FDC

product, NDA 205003, which was already approved in Europe,

the FDA considered that the referenced studies did not support

superiority of the combination to the highest doses of each

component of the monotherapies.15 As a result, a phase 3 clin-

ical trial comparing the highest proposed dose of the combina-

tion with the highest approved doses of perindopril erbumine

and amlodipine, administered as monotherapies, was con-

ducted to show statistical and clinical superiority. In addition,

when the dosing regimen of the FDC product differs from

that of each single RLD (eg, once daily vs twice daily),

Table 4. Rationales for in Vivo BA/BE Waiver.

Rationales NDAs

Biopharmaceutics classification system (BCS) 2
21 CFR 320.22(b)(1) for injection 19
21 CFR 320.22(b)(3) for solution 3
21 CFR 320.22(d)(2) based on in vitro in lieu of in vivo data 1
21 CFR 320.22(e) for good cause 1
Total 26

Abbreviations: BA/BE, bioavailability/bioequivalence; NDAs, new drug
applications.

Table 5. Reasons for Clinical Efficacy/Safety Studies.

Reasons NDAs

BA/BE not met 6
Seeking a new indication 12
Support efficacy of new route of administration/formulation 9
Special population indication (ie, pediatric) 8
Superiority in new oral FDC 8
Non-inferiority posology bridging in new oral FDC 4
Specific drug substance requirement (ie, opioid) 3
Total 50

Abbreviations: BA/BE, bioavailability/bioequivalence; FDC, fixed-dose
combination; NDAs, new drug applications.
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a non-inferiority posology bridging has been required to fulfill

the regulatory requirement, and to justify the appropriateness

of reliance on data from the RLDs. As an example, in the case

of a new canagliflozin/metformin FDC product (NDA 204353),

the sponsor was asked to demonstrate that the efficacy of cana-

gliflozin would not be altered when administered once-daily as

compared to the previously recommended twice-daily regimen,

by either using a robust modeling and simulation strategy, or a

clinical efficacy trial comparing both dosing regimens.15 In that

specific case, the sponsor chose to conduct a clinical trial.

Other types of safety studies were also occasionally

observed, such as evaluation of abuse-deterrent properties (ie,

human abuse liability studies); additional dermal safety studies

for new topical products (ie, evaluation of sensitization, photo-

sensitization/photoallergy, cumulative irritancy, and static sun

protection factor [SPF] value of the vehicle); and safety assess-

ment of the oropharyngeal area for new orally disintegrated

tablets (NDA 208025, 204326).15

Preclinical studies
In some cases, sponsors conducted additional preclinical stud-

ies (ie, safety, carcinogenicity/genotoxicity, reproductive

and/or drug-drug combination evaluations) for new formula-

tions or new routes of administration (n ¼ 11), for products

with altered excipients (n¼ 8) and for new oral FDC products

(n ¼ 6). Table 6 summarizes the additional preclinical studies

that were conducted to support the lack of adequate published

literature or prior human data of intended changes in regard to

API(s), excipients, route of administration, and proposed

combination.

For example, in 6 NDAs of products administered via a new

route of administration (3 parenteral, 1 ophthalmic, 1 topical,

and 1 transdermal) that had oral RLDs, sponsors conducted a

preclinical pharmacology/toxicology bridging study to support

safety of the new clinical route.

Moreover, in the case of new formulations, sponsors eval-

uated the adequacy of the current safety database to support not

only the added excipients in their new formulations, but also

the effect of those excipients on the clinical exposure of the

API. In the case of NDA 208090 (a new ER oxycodone cap-

sule), additional preclinical studies (ADME studies, chronic

toxicity, reproductive toxicity, and carcinogenicity studies)

were required to address the lack of PK data and to assess the

clinical exposure of the API with the new excipients.15

Finally, for oral FDC products, safety data for each mono-

product was sufficient in general to support the following

aspects of the combination: proposed indication, dose, duration

of treatment (ie, chronic or acute use), and targeted population.

However, the lack of prior human safety experience with the

new proposed combination had to be evaluated, especially

when both APIs could elicit PD activities and toxicity on sim-

ilar vital systems. For example, for NDA 206439 (memantine

hydrochloride ER þ donepezil hydrochloride), the sponsor

conducted additional preclinical studies in order to evaluate

toxicity, dose-ranging, and suspected synergistic effect of both

products on the central nervous system.15

Multiple-dose BA/BE and alcohol-dose dumping in vitro
A multiple-dose PK study allows assessing the rate and extent

of absorption of the API into the systemic circulation when the

Table 6. Situations Where APIs, Excipients, or Route of Administration Considerations May Require Additional Nonclinical Studies.

Issue statement FDA recommendation

API(s)
No available published literature and/or full battery preclinical

studies included in the RLD(s) label on API
Conduct preclinical studies to address pre-existing deficiencies
(ie, evaluation of genotoxicity, reproductive studies, etc)10

Clinical exposure of the API exceeds the approved limits established
for the RLD

Conduct preclinical safety study because of higher exposure level
(ie, evaluationof PK/ADME, acute and/or repeat-dose toxicity studies)10

No prior human experience with the proposed combination (ie, in a
new oral FDC)

Conduct preclinical evaluation of possible PK, PD, metabolic and/or
toxicologic interactions12

Excipient(s)a (eg, in a new formulation)
No available published literature or human data can substitute for

certain preclinical safety assessment (eg, in previously approved
products including food additives) for the new added excipient(s)
or for the proposed different use of known excipient

Conduct preclinical studies to address the exposure relative to the
different circumstances (ie, if excipient is intended to be used for
a longer period than previously evaluated, a battery of preclinical
studies to support the long-term use should be considered)11

Levels of the added excipient exceed tolerable known limits Conduct preclinical safety study because of higher exposure levels
(ie, evaluation of PK/ADME, acute and/or repeat-dose toxicity
studies, a preclinical pharmacology/ toxicology bridge)11

Route of administration (eg, a new route of administration)
No available clinical experience or AFSE for local tolerance in order

to support a reformulated drug product that employs an alternate
route

Local tolerance studies depending on route-specific considerations
(eg, local IV toxicity, corneal irritation, device safety and dermal
toxicity)10

Abbreviations: ADME, absorption, distribution, metabolism, and excretion; AFSE, Agency’s previous findings of safety and effectiveness; API, active pharmaceutical
ingredient; FDC, fixed-dose combination; IV, intravenous; PD, pharmacodynamics; PK, pharmacokinetics; RLD, reference listed drug.
aA new added excipient or an altered excipient use.
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levels of the drug substance have reached steady state. In gen-

eral, a single-dose PK study is considered as a more sensitive

method to determine the BA/BE of a drug. Therefore, most of

the BA/BE bridging studies included in 505(b)(2) NDAs were

done in a single-dose fashion. Nevertheless, 20 NDAs included

a multiple-dose BA/BE in addition to the single-dose BA/BE

study. These involved new MR formulations, which include

ER and DR drug products.17,18 The draft FDA Guidance on

“BA and BE Studies Submitted in NDAs or INDs—General

Considerations” describes when a multiple-dose BA/BE study

might be required and includes the case of ER dosage form.18

In fact, attainment of steady state is often needed in order

to robustly compare the relative PK exposure (eg, AUC over

24 hours) of the new ER formulation versus the IR or another

MR RLD, especially when the dosing regimens are different.

As for DR products, the same draft FDA guidance states

that, in general, demonstration of BA/BE for such products is

the same as for an IR product, meaning a single-dose BA/BE

under fasted conditions along with a food-effect study.18 Nev-

ertheless, in the case of the 5 DR NDAs that were included in

our review, sponsors also conducted a multiple-dose BA/BE

study. The rationale behind this is not clear, but it could be

attributed to the complex release characteristics of the DR

products.18

Moreover, in order to validate the ER claim, sponsors

should conduct an in vitro study to rule out the possible

Conduct 
18

:
A single-dose BA/BE bridging study to the RLD under fasted conditions
A food-effect study on the proposed product (PK under fed vs fasted conditions)

Is applicant requesting multiple strengths?

Applicable 

for an in 

vivo BA/BE 

waiver*NO NO 
YES YES

YES

Are the following conditions met:

This new strength is proportionally similar in its active and inactive ingredients to 
another drug product for which the same manufacturer has obtained approval; and
The new strength meets an appropriate in vitro test (21 CFR 320.22(d) 4)

OR
in vivo BA/BE is self-evident (21 CFR 320.22(b) 4) 

YES

Request for a BA/BE waiver for lower 

strengths after performing a BA/BE 

bridging study with the highest

strength.
18

NO 

Conduct
18

:
a single dose fasting dosage strength 
equivalence assessment study 
OR
a dosage strength proportionality 

study

Is BA/BE self-evident per the 

requirements of 21 CFR 

320.22(b)(3)4 (e.g., oral solution)?

Is API a class 1 or 3 based on BCS 

classification and BCS criteria are/is 

filled6?

Figure 3. Clinical pharmacology decision tree for new immediate-release (IR) formulations.
*With regards to the biowaiver, some sponsors may still prefer to conduct at least one BA/BE study, even if their product would be eligible for a
biowaiver (e.g., for global marketing considerations).
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occurrence of alcohol-induced dose dumping (ie, unintended

and rapid drug release in a short period of time of the entire

amount of the drug contained in the ER dosage form), which

could jeopardize the safety of patients.19 The Agency may also

request an in vivo BE study with concomitant administration of

alcohol, if in vitro results show a positive dose dumping.20

Dose-proportionality studies
Dose-proportionality studies evaluate if increases in the

administered dose are accompanied by proportional

increases in exposure (AUC or Cmax). The FDA Guidance

for Industry on “Bioavailability and Bioequivalence Studies

Submitted in NDAs or INDs—General Considerations”

clarifies that for ER dosage forms containing drugs with

nonlinear PK over the therapeutic dose range, a single dose

of the highest and lowest strengths of the ER product should

be compared to their corresponding IR references adminis-

tered over the ER dosing interval.18 In addition, when the

new drug product strengths are not proportionally similar in

composition (ie, different ratios of active/inactive ingredi-

ents), a single-dose fasting dosage strength equivalence

assessment study or a dosage strength proportionality study

should be conducted.18 Dose-proportionality studies were

conducted in the case of 15 NDAs where sponsors requested

additional approval for multiple strengths for their new

dosage form. Therefore, they either conducted a dose pro-

portionality study, or a BA/BE study with each strength,

compared to the respective RLD.

Support ER claim (CFR 320.25(f) 
4
) by conducting:

A single-dose BA/BE bridging study against the RLD under fasted conditions
A multiple-dose BA/BE under fasted conditions to evaluate BA/BE to RLD at steady 

state (exception if short half-life drug or if adequate justification)
A food-effect study on the proposed drug product (fed vs fasted conditions)
An in vitro alcohol dose dumping study to rule out the occurrence of dose dumping

YES

Is all the following applicable:
the drug exhibits linear pharmacokinetics
the various strengths are proportionally similar in their active and inactive 
ingredients
and, the drug-release mechanism is the same (21 CFR 320.24(b)(5)(6)

4
)

YES

Request for a BA/BE 

waiver for lower strengths 

after performing a BA/BE 

bridging study with the 

highest strength.
18

NO 

Conduct
18

: 
a single-dose fasting dosage 
strength equivalence 

assessment study 

OR
a dosage strength 

proportionality study

Is applicant requesting multiple strengths?

Are new drug strengths 

proportionally similar in 

composition?

Is PK nonlinear over the 

therapeutic dose range?

Conduct a single-dose 

study with the highest

and lowest strengths

compared to their 

corresponding 

references administered 

over the ER dosing 

interval. 18

NO 

NO YES

Figure 4. Clinical pharmacology decision tree for new extended-release (ER) formulations.
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Considerations
(1 to 3)

(2) Is new indication 

proposed listed in RLD 

label?

Rely on the Agency’s 

findings of safety and 

efficacy of the RLD

Conduct clinical 

efficacy/safety study in 

targeted population for 

proposed indication*

(1) Is BE criteria met                

(i.e. similar rate and 
extent of exposure to 

RLD)?

NO 

YES

(3) Is an indication 
targeting a special 
population (e.g., 

paediatric)?

YES

NO 

YES

NO 

Figure 5. Clinical efficacy/safety decision tree for change in oral formulation.
*The number of adequate and well controlled phase 3 efficacy studies will depend on the similarities in the concentration-time curves of the
reformulated drug compared to RLD. A PK/PD study can possibly replace a clinical efficacy study if the PK/PD relationship of the study drug is
well understood.5

Considerations
(1 to 5)

(5) Is BA/BE met (i.e.,

similar exposure to 
RLD)?

YES

NO 

Rely on the Agency’s 

findings of safety and 

efficacy of the RLDs.

Conduct clinical efficacy/safety 
study in targeted population for 
proposed indication.*

(1) Available clinical data 
(i.e., from literature or 

previously conducted clinical 
trials) that demonstrates

therapeutic advantage of the 
FDC over monotherapy 

(21CFR 300.50
4
)?

YES

(2) Is applicant requesting a 
new dosing regimen for the 

FDC, consisting in different 
administration schedule as 

compared to the RLDs (e.g.,
once daily vs twice daily)?

(3) Is new indication 
proposed listed in 

RLDs label?

(4) Is an indication 

targeting a special 

population (i.e.,

pediatric)?

Conduct a clinical 
superiority study over 
monotherapy (ies) in 

targeted population for 
proposed indication.

Conduct a clinical non-

inferiority posology bridging

study in order to justify the 

appropriateness of reliance of 

data from the RLDs in targeted 

population for proposed 

indication.

NO 

NO 

YES

YES

NO 

NO 

YES

Figure 6. Clinical efficacy/safety decision tree for new oral fixed-dose combinations (FDCs).
*The number of adequate and well controlled phase 3 efficacy studies will depend on the similarities in the concentration-time curves of the
reformulated drug compared to RLD.
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However, in other NDAs with additional strengths, sponsors

requested a waiver for lower strengths on the basis of adequate

in vitro dissolution tests, or if in vivo BA/BE was self-evident

as per 21 CFR, section 320.22.4

Drug-drug interaction studies
In the case of 12 of 18 NDAs of FDC products, PK DDI studies

were conducted to evaluate the possible interaction between the

two combined drugs. Even though there is no specific FDA

guidance on oral FDC products that include two already

approved drugs, NDA reviews clearly indicated that DDI stud-

ies should be conducted between the therapeutic components of

the FDC if this was not conducted previously, and if the poten-

tial for an interaction cannot be ruled out. Conduct of such a

study is also a recommendation from the FDA Guidance for

Industry on “Fixed Dose Combinations, Co-Packaged Drug

Products, and Single Entity Versions of Previously Approved

Antiretrovirals for the Treatment of HIV.”7

Trends in Studies for New Oral Formulations and New
Oral FDCs

All regulatory and scientific requirements relative to preclini-

cal, clinical pharmacology, and clinical efficacy/safety disci-

plines should be fulfilled in the NDA submission. This

comprehensive review of NDAs approved over 2012-2016 has

revealed trends in the types of studies that were conducted per

the most frequent changes to an RLD (ie, new formulation and

new oral FDC).

New oral formulation
In this case, sponsors applied for the 505(b)(2) pathway for a

change in the drug product either from one IR dosage form

(RLD) to another, or from one dosage form (RLD) to an ER

dosage form. In terms of clinical pharmacology studies, 88% of

NDAs included a single-dose BA/BE study and a food-effect

study. However, for new ER formulations, a multiple-dose BA/

BE study and an in vitro alcohol dose-dumping study (72%)

were also performed. A dose proportionality study was also

conducted in 18% of NDAs, and 34% of NDAs included a

clinical efficacy/safety study.

New oral FDC
In this case, both RLDs could be of the same dosage form (IR/

IR or MR/MR) or two different dosage forms (IR/MR).

Depending on the dosage form of the oral FDC (IR or MR),

either the conditions for new IR formulations or those for new

ER formulations listed above under “New Oral Formulation”

should be considered for clinical pharmacology studies. How-

ever, in both cases, a crossover BA/BE study comparing the

FDC to equal doses of the individual APIs should be

conducted.

Overall, 17 out of 18 NDAs reviewed for oral FDCs

included a clinical efficacy/safety study to support the pro-

posed indication.

Decision Trees

Any applicant who wishes to go through the 505(b)(2) route

should seek the Agency’s advice pre-emptively with regard to

their development plan. Nevertheless, some general recom-

mendations can still be made. Based on the trends that were

observed during this extensive review of 505(b)(2) applica-

tions, and on the parallel examination of various applicable

FDA guidelines, decision trees are proposed to help determine

what type of clinical trials should be conducted for the most

prevalent types of change to an approved RLD (Figures 3–6).

Conclusion

The 505(b)(2) pathway has become a mainstream in the phar-

maceutical development industry. This comprehensive review

of NDAs approved over 2012-2016 has revealed trends in stud-

ies conducted per the most frequent changes to an RLD. While

it is true that there is no specific guidance on 505(b)(2) drug

development programs, most FDA guidance documents refer-

ring to NDAs are relevant in understanding not only the ratio-

nale of the studies that were conducted but also in pointing out

what needs to be done in order to get an approval via the

505(b)(2) pathway. The decision trees constructed following

this review can inform development strategies to be presented

and confirmed by FDA in meetings with the Agency.
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