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In recent years, complex generics a special class has excel the scope of Generic Drug User Fee Act (GDUFA) in
contrast to traditional small molecular drugs. The recent trends reveal a growing demand that has incentivized
pharmaceutical companies to focus more on producing generic versions of complex drugs, such as biosimilars,
drug-device combination products, nanotechnological products and controlled-release formulations, topical
preparations containing complex drugs, long-acting injectables, and inhalation products. Despite the growth and
benefits, the pharmaceutical companies engaged in the production of these products are facing many challenges
mainly, advanced analytical techniques to demonstrate bioequivalence and safety, novel complex manufacturing
processes to reduce losses, quality issues, regulatory approval, patent litigation, and market competition to bring
low-cost products to market. The regulatory status of complex generics varies across different countries. Although
the United States Food and Drug Administration (US FDA) has established clear pathways for complex generics by
issuing case-by-case product-specific guidelines, other regulatory agencies mainly the European Medical Agency,
Health Canada, and (Agencia Nacional de Vigilancia Sanitaria) Brazil are highlighting the challenges associated
with the current product-specific guidelines. The regulatory aspect of complex generic is in the nascent stage
for countries like India. Harmonization and convergence of regulatory standards are essential for streamlining
global access to complex generics. The present review highlights the evolving frontier of complex generics, their
classification, trends, regulatory status, and challenges to ensure patient access to safe, effective, and affordable
alternative treatments.

INTRODUCTION

generic companies rapidly increases, innovator companies focus

Generic medicines are the most affordable source of
essential medicines in the continuously changing pharmaceutical
industry. The Hatch Waxman Act of 1984 encouraged the
worldwide development of generic drugs [1]. As the growth of
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on complex drug discovery and development. In recent years, in
2016, a particular group of generics called complex generics has
become a more challenging point for generic pharmaceutical
companies [2]. Unlike simple generics, complex generics pose
unique challenges in their developmental stage, manufacturing
stage, regulatory approval process, and use. These generics are
also known by different names such as specialty generics, super
generics, hybrid drugs, value-added generics, and off-patent
medications. The complex generic market is estimated to be 84
US billion by 2024 and has anticipated to grow at a CAGR of
8% within the coming 10 years [3].
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What are complex generics?

The term “complex generic” is legally acknowledged
only in the US and, according to the US Food and Drug
Administration (FDA), complex generics are generic versions
of complex drugs [4]. Complex drugs are drugs that contain
either a non-biological or biologically active ingredient. Most
of these complex generics are non-biologics and are called
non-biological complex drugs (NBCDs). NBCDs have large
heteromolecular structures and are difficult to isolate, quantify,
and fully characterize using physicochemical analytical
methods [5]. Only a few biologics have been approved by
the US FDA as complex generic drugs. The most common
are enoxaparin sodium injections, glatiramer acetate, heparin,
and low-molecular-weight heparin molecules. Sanofi-Aventis
manufactured and marketed enoxaparin under the brand name
Lovenox and as a generic drug under the name enoxaparin
sodium for injection (30 mg/0.3 ml and 40 mg/0.4 ml prefilled
syringes; 60 mg/0.6 ml, 80 mg/0.8 ml, and 100 mg/1ml
graduated prefilled syringes; 300 mg/3 ml Multiple-dose vial)
manufactured by Winthrop US (a Sanofi company) [6]. Two
generic Lovenox versions have been approved by the FDA [7].
To approve a complex natural drug, generic companies need
to demonstrate equivalence in fundamental reaction schemes,
physiochemical characterization, and process signatures. In
the case of complex biological generic approval, data relating
to the similarity of biochemical/biological markers serve as a
confirmatory test [8].

As per the US FDA, Generic Drug User Fee (GUDFA)
Amendment II commitment letter, “Complex generics are those
drug products generally include products with complex active
ingredients, complex formulations, complex routes of delivery,
complex dosage forms OR complex drug-device combination
products OR other products where complexity or uncertainty
concerning the approval pathway or possible alternative
approach would benefit from early scientific engagement” [9].
As per the US FDA Orange book “Drug Products are considered
to be therapeutic equivalents only if they are pharmaceutical
equivalents and if they can be expected to have the same
clinical effect and safety profile when administered to patients
under the conditions specified in the labeling”[10]. According
to the European Medicines Agency (EMA), these complex
generics are termed “hybrid medicines”. EMA refers to “hybrid
medicines are medicines whose authorization depends partly on
the results of tests on the reference medicine and partly on new
data from clinical trials” [11].

Classification of complex generics

Although classification is needed for overall decision-
making, there is no specific classification for complex generics
worldwide. Therefore, the US Center for Drug Evaluation
and Research (CDER) roughly classifies these drugs based on
different types of complexity [12]. This rough classification is
mentioned below in Table 1 [12,13].

Encouraging the development of complex generics is
critical forensuring patientaccess to a diverse range of potentially
cost-saving treatments. The FDA envisions collaboration
with industry as an opportunity to facilitate complex generic

development, evaluation, approval, and market authorization
[14]. However, concerning complex generic drugs, concerns
have arisen regarding the limited competition and paragraph IV
certification filed by generic manufacturers, potentially holding
up the entry of complex generic drugs into the global market
[15]. By considering all these challenges, this study explores
the regulatory challenges that reduce the market approval
of these products. Moving deeper into the current regulatory
framework highlights the main manufacturing hurdles and
the steps taken to overcome them. Innovative solutions are
still being developed to ensure the quality and efficacy of
complex generics [2]. Based on some case studies, an overview
of different classes, their challenges, and the successful steps
taken are also highlighted in this paper. Although a complex
generic represents the upcoming future of generic industries,
the reasons behind their slower development are still the most
significant hidden fact. This study comprehensively overviews
some major challenges of different complex generic products.
Ultimately, this review offers insightful information to all
stakeholders for the development of high-quality and affordable
complex generic products.

RECENT TRENDS IN COMPLEX GENERICS

As the demand for cost-effective alternatives to
complex drugs grows globally, complex generics have become
a focus for domestic and foreign pharmaceutical companies.
Despite an estimated 91% of all prescriptions in the United
States being filled as generic drugs, the approval and adoption
of different classes of complex generics have lagged, mainly
because of difficulties in bringing them to the market [16].
The critical development in complex generics is establishing
the Center for Research on Complex Generics (CRCQ)
by the US FDA. CRCG aims to enhance the collaboration
of generic companies to combine resources and expertise,
increasing investment in research and development (R and D),
manufacturing, and marketing of complex generics. The CRCG
supports all stakeholders by conducting collaborative research,
training and webinars, workshops, focal group discussions,
scholarly project presentations, and other initiatives [17]. The
pre-ANDA program was included in the Generic Drug User Fee
Act (GDUFA) 1II of the US FDA to provide early engagement
of generic manufacturers with regulatory agencies to promote
a more effective and efficient review process [18]. Product-
specific guidelines are one of the significant upcoming ways
to grow certain complex generic drugs rapidly [19]. In May
2023, the FDA published 47 product-specific guidelines (PSGs)
drafts, of which 25 were for complex generics [14]. Biosimilars
are considered a subcategory of complex generics because
of their complex developmental and evaluation processes.
Technological advancements have played an essential role in
developing complex versions of these drugs. A recent review
demonstrated methodological advancements, such as the use
of nuclear magnetic resonance spectroscopy, high-resolution
mass spectrometry, and multivariate statistical analysis, for
structural studies of natural complex drugs, such as conjugated
estrogens and glatiramer acetate [8]. The FDA GUDFA
Science and Research Program insists that generic industries
focus on quantitative methods and modeling to establish
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Table 1. Classification with examples of drugs under each class of complex generics.

Type of complex generic Reason behind complexity

Drug products with example

Complex API Combination of heterogeneous mixtures or
complex chemical structure that are facing

challenges in formulation and characterization.

Complex formulations/
Dosage forms

Diverse formulation and delivery system
influencing drug action. It is challenging to
ensure consistent efficacy and safety due to
manufacturing complexity

Complex routes of delivery Local route varies in effectiveness than

systemic. The challenge involves distinguishing

between site of application and method of
delivery for effective action.

Complex Drug-Device
Combinations

Device design affect drug delivery or user
usability, hence assessing complexity and
ensuring effectiveness is challenging.

Other products

Tablet: colesevelam hydrochloride, tamiflu tablet, acarbose tablet,
levofloxacin tablet, methyl phenidate ER tablet, nicotine polacrilex chewable
tablet, sevelamer carbonate tablet/powder, conjugated estrogens tablet

ER tablet : lamotrigine, venlafaxime, nifedipine

Oral suspension: sucralfate suspension

Injection: heparin and LMWH compound, glatiramer acetate injection,
exenatide synthetic injection, liraglutide recombinant injection

Complex oil-derived products: Omega3 acid ethyl esters capsule

Complex iron carbohydrate complex: ferumoxytol, ferric carboxymaltose
injection, Iron (III) dextran injection.

Complex peptide drugs: crofelemer, pentosan polysulfate sodium, vasopressin,
linaclotide

Liposomal injection: doxorubicin hydrochloride, amikacin sulfate,
amphotericin B, irinotecan, bupivacaine, vincristine sulphate,
daunorubicintcytarabine

Injectable nano-suspension: paclitaxel, sirolimus, dexomethasone ophthalmic
implant.

SMEDDS: lanreotide acetate

In situ gel: buprenorphine

Implant: etonogestrel implant

Complex injectables: azacitidine, dantrolene sodium, paliperidone, lanreotide,
aripiprazole and olanzapine injection

Complex topical products: lidocaine patch, acyclovir cream/ointment,
diclofenac sodium gel/emulgel, ivermectin cream, nicotine TDS, scopalamine
ER transdermal film.

Complex ophthalmic products: cyclosporin ophthalmic emulsion, propofol
ophthalmic emulsion, prednisolone acetate ocular suspension, brinzolamine
ocular suspension, bacitracin ointment, tobramycin ointment.

Complex vaginal products: estradiol vaginal inserts, miconazole nitrate cream.

Pre-filled syringes: goserelin acetate, liraglutide

Dry powder inhalers: fluticasone furoate, fluticasone propionate+ salmeterol
xinafoate

Metered dose inhalers: albuterol sulfate, budesonide-+formoterol fumarate
Nasal spray: mometasone furoate, ipratropium bromide, fluticasone
propionate, zavegepant.

Auto-injectors: epinephrine, bremelanotide acetate, glucagon

Metered-dose topical pumps

Iontophoretic transdermal products.

Abuse deterrent products: morphine ER tablet, oxycodone ER tablet,
hydrocodone bitartrate ER tablet, naltrexone hydrochloride ER tablet

ER: Extended release; LMWH: low molecular weight heparin; SMEDDS: self-micro emulsifying drug delivery system; TDS: transdermal drug delivery system.

bioequivalence [20]. The regulatory cheerful lights have
taken up the above advancement on the market dynamics of
complex generics. In February 2022, US FDA approved the first
generic version of complex injectable apokyn (apomorphoine
hydrochloride pen injection) manufactured by Sage Chemicals
[21]. In 2022, the FDA authorized the first generic versions of
Restasis (cyclosporine ophthalmic emulsion) and Symbicort
(budesonide + formoterol fumarate dehydrate inhaler) by Mylan
Pharmaceuticals [22]. The first generic Vivitrol (naltrexone for
extended-release injectable solution) of Teva Pharmaceuticals
and Spiriva HandiHaler (Tiotropium Bromide) of Lupin Inc
were authorized by the FDA on 2023 [23]. Current research in
complex generics highlights that most researchers in developed
and developing countries are now focusing on complex generics.
Papers relating to complex generics were retrieved from Scopus

on November 11, 2023, using the “complex generics.” A total
of 120 articles were exported, and the conclusion drawn was
the number of publications is increasing dramatically whereas
the majority of the papers belong to regulated markets such
as the US and European countries, as depicted in Figures 1.
From these studies, it can be concluded that high-quality
pharmacoeconomic studies, modeling approaches, and
standardized regulatory guidelines are required for the future
development of these complex generics.

CHALLENGES OF COMPLEX GENERICS

The landscape of complex generics is evolving rapidly
with technological advancements to overcome its multifaceted
challenges. The journey to understand the challenges associated
with complex generics is fraught with more complex obstacles
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in each stage of its lifecycle (starting from quantification,
manufacturing, characterization, clinical trials, regulatory
approval, market dynamics, and so on). The main challenges
in the manufacturing and characterization stages of complex
generics are lack of expertise and equipment, use of more
complex mixtures of components or excipients, lack of
analytical methodologies, inappropriate tracing of the exact
delivery route, and difficulty in proving in vitro bioequivalence.

Technical challenges are more common in the
case of complex injectables, dermal products, and drug-
device combination products. USP conducted an open forum
survey and concluded that in vitro dissolution techniques,
physicochemical  characterization, complex  excipient
monographs, and their analysis were the most common
developmental challenges associated with complex injectables
[24]. Compared to traditional generics, a more sophisticated
planning and development process is required to overcome
the regulatory challenges of complex generics. Due to a
lack of proper regulatory guidance, additional comparative
characterization and clinical study data must be submitted
depending on various regulatory authority requirements for
the same product [25]. Due to the impact of direct and indirect
production costs, it is clear that regulatory and developmental
challenges are closely related. In turn, these challenges result
in lower market access and higher prices. Regulatory agencies
have taken several steps to overcome these challenges. Draft
guidance for pre-ANDA meetings [26], guidance to determine
the suitable time to submit ANDAS for certain complex generics
(peptides), workshops focusing on sophisticated quantitative
and computational modeling, and providing product-specific
guidance are some of the steps adopted by the US FDA to
overcome these challenges [27]. A study by Stern et al. [27]
highlighted the importance of advanced research and education
by emphasizing complexities. This study underscores the
significance of collaboration between industry, academia, and
regulatory agencies in developing standard guidelines [28].
Understanding these factors influencing the demand and supply
of medicines can help policymakers and healthcare providers
increase the supply and use of these affordable medicines [29].

Challenges relating to non-biologic complex generics

NBCDs are challenging to duplicate owing to their
complex nature and regulatory uncertainties. Examples
include glatiramer, iron-carbohydrate complexes, polymeric
micelles, complex ocular emulsions, parenteral microspheres,
liposomes, injectables, implantables, and transdermal and
locally acting products [30]. Complex molecular structures
and manufacturing processes contribute to their unique
pharmacokinetic and pharmacodynamic properties. Thus, it
is challenging to demonstrate therapeutic equivalence using
traditional bioequivalence tests [31]. In other circumstances,
bioequivalence may not be sufficient to assess therapeutic
efficacy. NBCDs are not approved through a centralized
approach; instead, their safety and efficacy are determined
on a case-by-case basis, and in some rare circumstances, an
approach similar to biosimilars is used [32]. The EMA has
issued reflection papers on nanomedicine products, such as
liposomal systems, iron-core nanoparticles, micellar systems,

and coated nanosystems, but it has yet to review all NBCDs
systematically [33]. These papers reflect the ongoing challenges
in this class of generics. Doxorubicin hydrochloride liposomal
injection is a successful NBCG with complex manufacturing
challenges (requiring 17 different process vessels, specialized
equipment, and a time-consuming, complex process) [31]. The
development of robust analytical methods can ensure batch-
to-batch consistency; however, it is also a challenging factor
when considering the cost of manufacturing. The successful
development of glatiramer acetate injection, sevelamer
carbonate tablet, iron sucrose injection, and iron dextrose
injection highlights the potential need for a comprehensive
regulatory  guideline  that  contains  comprehensive
characterization techniques and additional clinical data [34].
Lygature, a public-private partnership pioneer in 2009, started
the NBCD working group for discussions among various
stakeholders, thus improving the safety and efficacy of NBCD
drugs and their follow-on products [29]. The challenges based
on different classes of NBCD are discussed in detail in Table 2.

Challenges relating biologic complex generics

Developing biological substitutes based solely on
BE and pharmaceutical equivalence (PE) assessments, such
as generic NBCDs, is impossible. In addition, because of the
heterogeneity of both API and excipients and the challenges
in implementing sensitive analytical techniques, identifying
these components is inconvenient and indirectly affects PE
assessment [31,35]. However, differences in protein structure
might impact pharmacodynamics without changing bio-
distribution; therefore, an identical profile alone does not
guarantee therapeutic equivalency [36]. Given the complexity
of protein molecules and the limitations of current analytical
methods, it may be challenging for manufacturers to demonstrate
the sameness in an active ingredient of the generic version with
that of RLD. Thus, it is clear that ANDAs are not a focus 505(j)
(2)(A) of the FD and C Act guidance [37].

Similar to generics, the demonstration of
bioequivalence is insufficient to prove the similarity of
biological/naturally derived complex drugs [38]. Regarding
generics, all three complete CTD modules are available, with
the additional stimulation that Module 3 must include data
from the comparability experiment. In contrast to generics,
biosimilars should, when applicable, be included in modules 4
and 5, together with the findings of non-clinical and clinical
comparability studies. In 2009, the FDA employed a comparable
study strategy to establish a shortened authorization process for
biosimilars under the BPCI Act [37].

Applicants must specifically show the equivalency of
the following: (i) the mode of de-polymerization and the source
material of heparin; (ii) determination of physicochemical
properties using particular analytical techniques (both
API and excipients); (iii) the sequence of oligosaccharide
molecules, fragment mapping, and disaccharide building
blocks; (iv)biological assays and bioassays; and (v) in vivo
pharmacodynamic studies [39].

Falconer et al. [40] described the theoretical and
operational factors that should be considered when choosing
characteristics and test techniques for biosimilars, evaluating
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Table 2. Challenges based on different classes of NBCDs.
SINo  Product Tests suggested by the agencies Challenges Cite
1. Nano- * Drug product characterization » Complexity of the material structure is challenging to [32,41,42]
technological * Identification of the CQAs of final products and also demonstrate API sameness.

Product the quality maintained during manufacturing stage. « Existence of multiple forms after administration causes
Rarely includes: difficulty in identifying the most therapeutically relevant
 Assay and particle distribution of active ingredient moiety.

« Structural attributes related to function * To analyze the mechanism by which physicochemical

» Coating and surface properties properties influences its biological effects

* Crystal form, particle concentration, porosity, in vitro * Understanding the in vivo release mechanism based on

release, impurity detection, sterility, and endo-toxin the physicochemical properties

levels determination. * Predictability of IVIVC

* In-depth studies of how CQAs influence the safety and ¢ Ensuring physical and chemical stability

effectiveness. » Developmental and regulatory challenges (including

* PE and BE manufacturing and analytical methods).

 Detection of sameness in label. * Challenges in CQA due to change in manufacturing

¢ Orally-administered nanomaterials products: PK processes, including in-process controls and the

studies in blood/plasma to demonstrate BE. robustness.

* Parenteral nanomaterials: sameness of active and * Influence PK and PD due to changes in physical state

inactive ingredients (Q1) and sameness in concentration ~ of API and excipients.

(Q2). Comparable in vivo BE studies need to be done * Route of administration—affect formulation

in-order to demonstrate sameness in physicochemical development stage, stability, and bioavailability.

properties. * Prediction of parameters like dissolution, distribution,

» Liposomal preparations: additional test like lamellarity  bioavailability, accumulation, biodegradation based on

determination, determination of liposome phase physicochemical and animal studies are challenging.

transition temperature, drug leakage rate were also * Hurdles due to manufacturing conditions, processing

done. IVIVC study is needed for demonstrating BE and steps, or excipient choice.

toxicological profiles. * Drug levels in systemic circulation may not

 Coated nanomedical products: determine impact always reflect drug concentration at the target site so

of coating on the stability and PK profile of product conventional BE studies may not be sufficient.

(specific or nonspecific surface interaction with bio- » Nanomaterial parentral-challenges associated with

molecules and cells) physicochemical characterizations and statistical testing
methods (e.g. population equivalence for particle size
distribution).
* Identification of suitable control strategies during the
manufacturing of liposomes is also a challenging factor.

2. Complex API « Starting material analysis process and process « Difficult to ensure API consistency [39,43-45]

signatures » Dependency on chemometrics for data analysis is

 Physicochemical comparison  (molecular weight, complicated.

poly-dispersity, amino acid composition, elemental * Availability of RLD for plethora of studies

analysis, functional group analysis, detection of degrees  (considering only for rare or orphan disease).

of substitution).  High cost of RLD is challenging to afford by generic

* In-depth compositional analysis and structural companies.

signatures. * Analytical characterization (Determining whether these

 Additional product-specific studies (clinical and characterization techniques are sufficient?).

immunological studies). « Identification of suitable equivalence test to define

* API sameness (particle size, degree of protonation and  equivalence of generic with RLD (statistical criteria,

cross-linking, elemental analysis). quality range approach or qualitative comparison).

e In vitro equilibrium and kinetic binding study to * IVIVC correlation is difficult

determine BE * Demonstration of pharmaceutical equivalence of
enoxparin highlights scientific challenges associated with
characterization due to its complex chemical structure;
hurdles in comparing the purity and quality aspects.

3. Complex » Formulation Q1/Q2 sameness * Changes in formulation may affect ocular bioavailability. [46,47]
Ophthalmic / » BE Studies using IVIVC study as well as comparative  * In vivo or in vitro testing, or both, may be needed to

Otic Products

clinical endpoint studies.

* Topical Ophthalmic Products: in vivo BE comparison
study

1. Compare drug concentration at the local site of action
2. Compare a pivotal clinical outcome (like change in
10P)

» Nanotechnological otic products: physicochemical
sameness (viscosity, osmolality, particle size, pH, surface
tension, dissolution, specific gravity, drug substance
property, arrangement of matter in dosage form).

establish BE.

* Variation in BE approach for products of same class
cause confusion (e.g., comparative PK, comparative
clinical endpoint, and/or comparative in vitro).
 Challenges in identifying CQAs and its impact

(drug content, drug uniformity, particle size, particle
distribution, rheological parameters).

« Instability in regulatory aspects due to rapidly
changing ANDA review procedure and PSG development
for specific products.

Continued
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SINo Product Tests suggested by the agencies Challenges Cite
4. Complex Topical + Comparative clinical endpoint BE studies « Differences in Q1/Q2 sameness are mostly common [39,46-50]

(Dermatological) + Assessment of Q1/Q2 sameness (including solvent challenge.

Products activity and drying rate).  Differences in physiochemical properties (mainly
 Determination of Q3 (physical and structural in case of pH, polymorphic form, and rheology which
characterization like microscopic analyses, size may alter the spreadability, retention, and thus cause
distribution, polymorphic state concentration of drug in irritation).
the continuous phase, solvent activity, specific gravity, » Time consuming regulatory approval is a major
pH, dissolution study, effect of dispensing stress). challenge for this class.

» Conduct in vitro release test and in vitro permeation test. * Challenges in demonstrating in vivo cutaneous PK-BE
* Correlation of quality and performance studies (parameters like sampling depth, frequency,
* In vivo systemic PK studies (using dermal open flow duration, reproducibility/variability affects).
micro-perfusion technique). » Challenges relating to statistical data analysis.
 Transdermal delivery system: detection of « Differences in inactive ingredients, dosage form
developmental pharmaceutical parameters (like patch design, differences in the drug load or size of the TDS
size, adhesion properties, in vitro skin permeation and may collectively cause prolong adhesion to skin, and
drug release profile); comparison of quality studies, cause skin irritation and sensitization.
evaluation of in vivo TDS adhesion, heat effects on the
adhesion property, as well as IVIVC.
6. Iron carbohydrate e« Starting material analysis including process and + Serum iron measurement does not distinguish [32,47,51]
complexes process signatures. nanoparticle-bound iron from endogenous iron.
 Physicochemical comparison using AFM.  Inadequate reflection of actual tissue bio-distribution.
« Identification of all the CQAs that influence the safety ¢ Interference with clinical iron assays which reduce
and efficacy profiles. robustness of measurement.
* Non-clinical comparative studies to determine bio- * Characterization of labile iron release from IV iron-
distribution of iron-core nanoparticles. carbohydrate nanomedicines did not yield a point to
* API sameness point IVIVC profile.
» BE determination using in vitro equilibrium binding » Potential impact on the choice of assay methodology
study as well as in vitro kinetic binding study. as well as safety profile due to labile species of non-
transferrin bound iron.
7. Microspheres » Determination of particle size (population distribution ¢ Change in solvent or its quantity may affect [42]
and volume distribution), porosity and drug load. formulation.
e [n vitro drug release and in vivo testing * Change in manufacturing procedure cause changes
* IVIVC study in drug load, in vitro release, in vivo results and finally
IVIVC.
» Change in CQAs is often seen.
8. Complex » Sameness in Q1 and Q2  Challenges in patient recruitment as healthy subjects [47,52]

Injectables :LAI

* Q3 sameness: same components in same concentration
with the same arrangement of matter (microstructure).

» Comparative physicochemical characteristics, BE
testing using IVIVC.

are often not recommended.

* Particles with more than 200 nm will damage sterile
filter and reduced flow rate or cause clogging. This also
affects the injectability and distribution of drug in the
injection site, which indirectly leads to variation in PK
parameters.

* High dropout rate : PK studies require longer study
period.

* Practical limitation to perform single-dose crossover
BE study.

AFM: atomic force microscopy; API: active pharmaceutical ingredient; BE: bioequivalence; CQAs: critical quality attributes; IOP: intra-ocular pressure; IVIVC: In-
vitro In-vivo correlation; LAI: long acting injectable; PD: pharmacodynamic; PE: pharmaceutical equivalence; PK: pharmacokinetic; Q1: qualitative; Q2: quantitative;

RLD: reference listed drugs; TDS: transdermal delivery system.

potential, and assigning analytical measures to the U.S. FDA
analytical similarity evaluation. The methods used to identify
and define CQAs for biologics may be examples for developing
sophisticated nanomedicine medicinal products [42]. Regarding
the regulatory aspects of complex natural drugs, even different
regulated markets have different approval processes. For
example, low molecular weight heparins were approved as the
generic version of non-biologics by the US FDA, whereas the
same was approved via a biosimilar approach in EMA [31].
Many product and process- and process-related challenges

are also associated with biologics, including choice of study
population, high inter- and intra-subject variability, change
in parameters with disease progression, and difficulty in
interpretation [53].

Challenges relating to drug-device combination
complex generics

There is a growing assimilation of drug-device
combination products owing to several regulatory complications.
Sanduria et al. [54] highlight that countries such as the US and
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EU have vast differences in regulatory approval pathways,
and countries such as China, Japan, and India need more
well-developed guidelines. The steps in registering a generic,
orally inhaled drug product in a particular market may differ
depending on the country. These steps include comparing the
similarity of device performance and formulation to that of the
original product and conducting tests to compare the product’s
in vitro and in vivo aspects [55].

Donnelly et al. [56] thoroughly analyzed complex
medicinal products supplied via the female reproductive tract
and highlighted the difficulties encountered in creating generic
medicines due to a lack of adequate bioequivalence techniques
for locally acting pharmaceuticals. The authors emphasize
FDA-funded research collaboration with the University of
Buffalo (New York) to create an open-source, generalized
physiologically based pharmacokinetic (PBPK) modeling and
simulation platform for complex drugs administered through the
female reproductive tract [56]. Sharan et al. highlight obstacles
to developing generic intrauterine system drug products [56].
All of this research indicates that there are difficulties in
evaluating combination products, as well as deficiencies in
regulatory guidelines [57]. Combination products need help
with the methods available for testing, developmental and
characterization techniques, product standards as per regulatory
specifications, and so on. Some common challenges of drug-
device combination products are below [58—61].

a. Lack of expertise and skilled personnel.

b. In-house testing is challenging due to the lack of quality
system registration, whereas testing outside needs more
investments.

c. Lack of industrial guidance results in considering the
device of one country as a drug in another country.

d. Variation in BE result due to device design, complex
PK assessment due to the local action, and potential
discrepancies in in vitro-in vivo correlation (IVIVC).

e. Use of lengthy comparative clinical endpoint studies as
suggested by some regulatory agencies.

f. Challenges in using sensitive In-vitro BE assessment
techniques such as particle size determination, device
performance, and aerosol characterization. g.  Ensuring
both formulation sameness and device similarity is the
most challenging.

Other challenges associated with complex generics

Apart from developmental, manufacturing, technical,
and regulatory challenges, complex generics are associated
with other challenges, such as economic, market, patient, and
industry-related.

Economic challenges

Manufacturing therapeutic equivalent duplicates
is a viable strategy for lowering medical expenses and
increasing the financial stability of manufacturing companies.
Pharmacoeconomics suggests that excessive research and
developmental expenses can have two effects: either a low
return on investment (which could result in a product being
removed from the market) or an excessively high price (which

would render the medication unavailable to the majority of
patients) [62].

Market challenges

Companies are more likely to manufacture a profitable
generic version of a branded drug with a high average wholesale
price [1]. The challenge in introducing complex generics
is pinpointing target markets to fulfill unmet patient needs.
Another problematic element in the market is the competition
for patients. One of the biggest challenges is combating anti-
generic initiatives purportedly supported by associations
between physicians and patients [63].

Patient and industry challenges

These challenges mainly involve those associated with
planning, study design, and site selection. Biopharmaceutical
businesses mustunderstand the patient population needed in their
trials to secure approval in their intended markets. They should
consider how to handle the risk of attrition and non-compliance
among small patient populations. Many investigators may not
be interested in generic medication trials because of a lack
of scientific or medical interest in non-novel drug studies or
because they may not be sufficiently motivated to participate
in a generic trial. Thus, biopharmaceutical businesses require
a partner who can recognize sites with a sufficient patient pool
and is eager to provide access to generic options through trial
participation. All these above criteria become challenging
factors for both industry and patients in terms of investment
and compliance challenges [64].

Challenges associated with the development of an
analytical tool

Because of its complexity, developers find it difficult
to establish therapeutic equivalence (PE+BE) and identify and
characterize CQAs in the developmental stages of complex
generics. Recognizing the current limitations, stakeholders
now focus on additional research to clarify the mechanisms of
action and develop and validate relevant analytical tools [63].
The deployment of such advanced technologies should be
considered product-by-product, which can influence the safety
and efficiency profile. Zhang and Lionberger [65]highlighted
traditional quantitative mathematical modeling tools, such as
exposure-response modeling, population pharmacokinetic
analysis, PK-PD/PBPK modeling, and clinical trial simulation,
which have made significant impacts and are becoming
indispensable in the development and review of complex
generic drugs, which are expected to reduce the time and cost of
production [65,66]. Troiano et al. [67] demonstrated how they
employed a quality-by-design strategy to develop a generic
version of complex nanomedicines. Specifically, they created an
in-depth awareness of the products, processes, and technology
used by applying a risk-based methodology to discover and
classify the product features and process factors. Although this
strategy primarily focuses on chemistry, manufacturing, and
control issues, drug development’s preclinical, clinical, and
regulatory elements are also carefully considered [67]. Despite
model-informed drug development being included in Section
3 of the Prescription Drug User Fee Act, many pharmaceutical
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companies must utilize or be aware of it. Model-informed
drug development (MIDD) applications for GDUFA raise
similar concerns. As many smaller companies are involved,
transforming MIDD from a luxurious method to an essential
method could be a significant issue for generic manufacturers
[68]. Furthermore, the lack of a scientific understanding
of the IVIVC of complex pharmaceuticals, combined with
characterization challenges, influences API comparison studies
and the in vitro profile, hindering the development of generic
lower-cost complex drugs.

REGULATORY SCENARIO OF COMPLEX
GENERICS IN DIFFERENT COUNTRIES

To ensure therapeutic equivalence and minimize the
need for extensive clinical trials, regulatory agencies worldwide
have established guidelines and requirements for generic
manufacturers. However, developing and approving generic
versions of complex products necessitate additional studies
beyond the scope of general guidelines for simpler generics.
The current regulatory status in different countries is outlined
below and summarized in Figure 2.

Europe

Under Directive 2001/83/EC.19, the European Union
regulates pharmaceutical items for human use [69]. Marketers
must submit an ANDA via a centralized, decentralized, or
mutual recognition procedure to obtain market authorization
for hybrid drugs. Additionally, pre-clinical or crossover
comparative clinical studies, along with data from 505(b) [2]
applications, are adopted in the case of European countries. The
hybrid application method based on Article 10 [3] also examines
the safety of complex generics compared to RLD [70].

Japan

In Japan, drugs are assessed by the Pharmaceuticals
and Medical Devices Agency (PMDA) and approved by the
Ministry of Health, Labour, and Welfare. The PMDA Office
of generic drugs provides multiple consultations to generic
manufacturers to encourage safe, efficient, and affordable
drugs in a consistent supply to the public. “Consultations on
BE and the quality of generic drugs” of 2011 highlights that
blood concentration does not serve as a BE index for specific
formulations such as inhalers and nasal and ophthalmic
products. Therefore, pharmacodynamic or clinical endpoint BE
research is considered to approve such generics [71].

Canada

Health Canada approves complex generics through
generic, biosimilar, or new drug application (NDA) pathways.
Theapproval procedure varies onacase-by-case basisand follows
the pre-ANDA submission procedure. ANDA applications for
generic versions of certain pharmaceuticals have received a
notice of non-compliance or deficiency [69]. According to the
Biologics and Genetic Therapies Directorate, pharmaceutical
goods containing LMWHs are claimed to be similar to another
heparin already on the market. These data show that Canada
treats NBCDs as complex generics and includes biologics [72].

Brazil

The Brazilian Regulatory Authority Agencia Nacional
de Vigilancia Sanitariapublished RDCNo.60/2014 for the market
authorization of all types of generic drugs [73]. The approval of
complex generics depends on this procedure and LatAm (Latin
American countries) guidelines. Glatiramer acetate generics
was first approved by LatAm based on US FDA guidelines,
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Figure 1. Number of publication per country wise in Scopus database (Using Tableau Public software).
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Figure 2. Current regulatory status for complex generics in different countries.

and later approved using the policy based on guidelines for
small-molecule chemical synthesis or even less stringent
specifications (for example, bioequivalence studies were not
required). The change in the use of guidelines summarizes and
emphasizes the importance of clear and harmonized regulatory
procedures and appropriate guidelines for ensuring the quality
and safety of complex generics or follow-on medicines [70].

United States

The growth of generics advanced with the emergence
of the GDUFA. GDUFA 1 aim to efficiently evaluate the
equivalence of the generic version of the drug to that of
RLD. GUDFA II mainly brings the pre-ANDA program and
controlled correspondence. FDA officials and ANDA applicants
collaborated in the pre-ANDA program to address regulatory
uncertainty and reduce review cycles. It also highlights the
need for PSG and starts issuing it after this program [67]. The
US FDA has issued new and revised product-specific guidance
for the most challenging products to aid in developing,
manufacturing, and regulatory approval of their generic
version, which is considered safe and effective. The guidance

document “Determining Whether to Submit an ANDA or a
505(b) (2) Application—Guidance for Industry” concluded that
most of the complex generics use the 505(b)(2) pathway for
getting regulatory approval in the US [74]. Complex generics
can be reviewed via a 505(j) application (complex dosage form/
formulation as well as complex route of delivery) and 505(b)(2)
approval pathway (most likely complex API).

India

The Drugs Controller General of India has yet to
establish precise criteria for evaluating the efficacy and safety
of complex generics. The Central Drugs Standard Control
Organization (CDSCO) Guidelines for bioavailability and
bioequivalence studies must be followed when submitting
generic drug applications [75]. Guidelines/rules such as Rule
122 A to E of the Drugs and Cosmetics Act (D and C Act),
Schedules Y of the D and C Act and Rules, Good Clinical
Practice [GCP] guidelines released by CDSCO, and Ethical
Guidelines for Biomedical Research on Human Subjects govern
all trials in India; hence, establishing the regulatory procedure
for registering a second-entry product (even though it is a
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complex generic/ simple generic) considers all these guidelines
[56]. Unlike in other countries in India, the regulation of
combination products is unclear; some products in this category,
such as drug-eluting stents, are considered drugs regardless of
the device component linked to them [59].

FUTURE ADVANCEMENT IN THE FIELD OF
COMPLEX GENERICS

Future studies should focus on overcoming these
challenges and developing standardized procedures for
assessing and approving complex generics. Harmonizing
international regulatory guidelines would ensure patient access
to safe and effective generic pharmaceuticals while facilitating
manufacturers to access the market. Furthermore, regulatory
frameworks must be continuously monitored and adjusted to
keep pace with the developments in pharmaceutical technology,
including nanomedicine products. Stakeholders can collaborate
to eliminate regulatory obstacles and improve the availability
of high-quality complex generics to meet the requirements of
patients worldwide by encouraging cooperation and innovation.
Analytical advancements, modeling, and simulation are some
of the scientific achievements related to generic medications.
Analytical advancements, such as in vitro characterization
technologies can be used to characterize complex API
structures, evaluate formulation CQAs, and also to determine
bioequivalence. This can thereby reduce the need for comparative
clinical endpoint BE studies of various formulations.

The FDA proposed “Further Opportunities for
Harmonization of Standards for Generic Drugs,” which was
supported by ICH to develop globally harmonized guidelines
for generic drugs (including complex generics). Harmonization
of the theoretical, scientific, and technical aspects of complex
generics can significantly improve public health by accelerating
the supply and increasing patient access globally.

CONCLUSION

The regulatory framework for generics in various
countries is complex and involves multiple approaches and
challenges. Regulatory bodies in the US and Europe have
established procedures for approving complex generics;
however, their requirements and methods vary. A recurring issue
is understanding the unique challenges presented by complex
generics, which often require further research in addition to
conventional bioequivalence evaluations. Physicochemical
characterization, in vivo bioequivalence testing, and occasional
clinical investigations are needed to prove product safety and
efficacy. Complex generics face several challenges, including
variable  physicochemical  characterization,  difficulties
demonstrating equivalency, managing patent concerns, and
commercial exclusivity. Furthermore, because there are no precise
regulatory requirements, research is expensive. Thus, firms are
incentivized to look into new methods for regulatory approval.
Furthermore, there are discrepancies in the approval processes
for similar items due to the need for harmonization between
regulatory criteria in different countries. Notwithstanding these
obstacles, business is expected to grow considerably in the
upcoming years because of the growing need for affordable
medications. Complex generic development is the current trend,

and adjusting to more high-quality development procedures will
help achieve success. To accomplish significant “time-to-market”
strategic and operational goals, pharmaceutical companies should
follow the best practices for regulations regarding where, what,
when, and how to comply. To develop harmonized regulatory
standards, there should be collaboration between businesses,
academia, and regulatory bodies.
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