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ABSTRACT 

In the perspective of the pharmaceutical industry development, manufacturers expand their product portfolios by updating generic drugs. Complex 
Generics (CG) or Nonbiological Generic Drugs (NBGD) contain known pharmaceutical substances are out of patent protection and are made by using 
new technologies, excipients, nanocarriers, dosage form modernization, etc. These drugs are developed in the patients’ interests to improve their 
life quality and increase drugs’ efficacy and safety. 

The article discusses the categories and characteristics of CG, shows examples available on the pharmaceutical market, API and dosage forms. This 
article discusses approaches to quality control that pose challenges for developers and regulators. The fundamental importance of the innovative 
drugs manufacturing process and the ingredients standardization in the dosage forms formulations to create the standard product are indicated. 
First, a comprehensive control of polymers is required as an important tool to make the necessary pharmacokinetics. The influence degree on the 
API release and the effectiveness of dosage form (DF) depends on the polymer’s physicochemical characteristics. In this regard, it is important to 
create databases of these excipients accessible to developers containing information about properties, use, dosages and safety.  

In view of the complexity structure and manufacturing processes of the NBGD and insufficiency of pharmacopeial requirements for standard 
approaches for resolving issues of comparability and bioequivalence the current regulatory documents should be expanded and r evise for a correct 
quality assessment. There is a need to create new scientific and regulatory roadmaps for the development and approval of complex generic drugs. 

Keywords: Complex generics, Non-biological generic drugs, Innovative dosage forms, Nanodrugs, Pharmaceutical development, Dosage forms, 
Standardization 
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INTRODUCTION 

Recently, experts identified two ways to create drugs: the first was 
to develop original drugs containing the original patented molecule 
of the active pharmaceutical ingredient (API), the second was to 
obtain reproduced drugs, which are copies of the original ones. 

Often the development of original and generic drugs is carried out by 
pharmaceutical companies in parallel. Promotion strategies are 
significantly different for these drugs–original drugs are heavily 
advertised and promoted by doctors, retailers or pharmacists and 
are branded drugs. Generics are usually not promoted despite the 
fact that both drugs contain the same API. Consequently, the 
formulations of both drugs are similar, but the price of the branded 
drug is higher [1]. 

Because of the manufacturing of generics, the healthcare need for 
affordable medicines was satisfied. Currently, the share of generic 
drugs in the markets of developed countries reaches more than 
89%. Considering that the generics prices are 75% (or more) lower 
than the originators prices, there is the obvious economic feasibility 
for patients and the healthcare system, including insurance 
companies, of the presence of generic drugs on the market [2]. Thus, 
the need for both expensive original drugs and generic drugs 
affordable to the general population become obvious. 

The development of technologies affects to approaches of drugs 
creation. In recent decades, there is a strong trend of both foreign 
and domestic developments towards the creating generic drugs 
improved forms containing long-known and well-established APIs 
that have come out of patent protection. Generics modernization is 
carried out in the patients' interests to improve the quality of their 
life, increase the effectiveness and compliance of therapy. The 
updated generics, called "supergenerics" in some scientific 
publications, have new level of efficacy and reduced side effects, as 
well as expand the traditional use of known drugs. The introduction 
of generics to the market is faster than original drugs and gives good 

results, so it will develop [3, 4]. According to data [4], the volume of 
the generic drugs global market that are not copies of the original 
ones was estimated at 387.92 billion US dollars in 2020 and is 
projected to reach 675.29 billion US dollars by 2030, so the average 
annual growth rate in the forecast period will be 5.7%. The modern 
forms of generic drugs production are actualized by the fact that 
many top original APIs are out of patent protection at present [5]. 
According to forecasts [6, 7] in the next decade, there will be the four 
best-selling drugs in 2020: Humira (AbbVie), Keytruda (Merk and 
Co), Revlimid (Bristol Myers Squibb) and Eliquis (Bristol Myers 
Squibb/Pfizer). 

This article presents a brief overview of complex generics as an 
innovative area of modern pharmaceutical development, approaches 
to their creation and quality control. The data for the review were 
based on the following sources: PubMed, Scopus, as well as open 
internet sources, including FDA, EMA, and WHO websites. The 
search was performed during the years 2022-2023 using the 
following keywords: complex generics; non-biological generic drugs; 
innovative dosage forms; pharmaceutical development, drug 
development. 

Terms 

As already mentioned, a new generation of generic drugs are called 
"super-generics" contain known out-of-patent substances, but do 
not fit the term "generic drugs". These drugs are not simple copies, 
since differ from the originals in the structure of the dosage form, or 
in the modification of the active substance by specific carriers, or in 
another way of administration, or in a combination of already 
known active ingredients, or in another sign [8]. In the regulatory 
documents of the Russian Federation, EU, USA, there are no 
definitions for the term "super-generics", such as there is no 
classification. However, many issues and problems associated with 
the development, quality assessment, production and registration 
make it necessary to analyze and summarize various aspects of the 
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direction for creating and bringing to the market improved types of 
generics, or "supergenerics". 

The FDA [9] formed a list of drug groups calling “Nonbiological 
Generic Drugs” (NBGD) (table 1). 

 

Table 1: Categories and characteristics of NBGD according to the FDA [9] 

Categories Examples Reference 
CG with complex active ingredients Peptides, polymeric compounds, complex mixtures of active ingredients, ingredients of 

natural origin 
[9] 

CG with a complex composition Liposomes and colloids [9] 
CG for complex or new delivery route Local drugs: dermatological and complex ophthalmic, as well as ear (auricular) dosage 

forms in the forms of suspensions, emulsions or gels 
[9] 

Complex dosage forms Transdermal, metered-dose inhalers and, extended-release injectables, etc. [9] 
Complex drug-device combinations Autoinjectors, metered-dose inhalers [9] 
Other 
 

Other drugs, which complexity or uncertainty of the standardization, ways of approval need 
new scientific research 

[9] 

NBGD-Nonbiological Generic Drugs 

 

As it shown in the presented table, NBGD can be composed of 
synthetic or semi-synthetic APIs of complex chemical structure. 
NBGD are also called “non-biological drugs” due to the origin of 
active substances [2]. The main difference from biological drugs is 
that the molecules of the active ingredients of generic drugs are 
usually smaller, simpler and easier to copy. Biological products, on 
the other hand, contain active components having complex structure 
and are obtained from living sources, such as bacteria, yeast and 
animal cells. It cannot be copied exactly because it usually contains a 
mixture of many minor variations of compounds, and this mixture is 
not the same in every dose or batch of product [10].  

NBGD include drugs based on carriers of various structures: 
liposomes, nanoparticles, micelles, etc. Due to the more complex 
design of dosage forms, the determination of pharmacopeial quality 
indicators (physicochemical, quantitative, biopharmaceutical, etc.) is 
complicated and is insufficient to prove pharmaceutical equivalence 
and bioequivalence in comparison to the original drug. The carrier 
type and material, the interaction with the API and the parameters 
of its release from the carrier determine the therapeutic effect of 
such drugs [2].  

In recent years, co-crystals have also become an interesting area of 
research and some regulatory agencies have created regulatory 
standards for them, which has resulted in the approval of these 
crystals for sale. New guidelines from the US Food and Drug 
Administration (FDA) and the European Medicines Agency (EMA) 
have made the manufacture and standardization of co-crystals less 
complicated [11]. 

There has been a significant increase in the use of microsphere 
systems, which can be used in a number of drug products due to the 
types of polymers suitable for the intended release target. 
Microspheres have numerous advantages: they have minimal 
adverse effects, longer therapeutic effects, require fewer doses and 
provide more uniform drug absorption. In addition, they are 
adaptable, provide effective encapsulation and are cost-effective 
[12]. 

No less complex are the API-device combination CGs. Dry powder 
inhalers and extended release injectables can be examples of this 
category of NBGD products, which require scientific development of 
specific tests for quality assessment [2, 9].  

The common features of the NBGD listed in the table are containing 
APIs out of patent protection with a simple and more complex 
structure; therefore it is not the original drugs and not their simple 
copies. If the parameters and test methods, as well as the ways to 
bring originators and generics to the market now are defined and 
understood, it is not applicable to NBGD due to the complexity of 
design, composition, and a new method of application needs 
development and research. 

In the EU and the EAEU complex generics can be classified as hybrid 
drugs that are neither original nor reproduced. However, 

approaches to understanding this term are slightly different, which 
follows from [13]. According to the EMA, hybrid drugs include 
generic drugs are similar to the original ones but differ in 
effectiveness (different strength), method of administration or 
indications for use, shown by the clinical trials. Standard test 
procedures are used to standardize hybrid drugs [14]. 

Drugs that can be classified as complex generics 

The first supergenerics began to be used at the turn of the 
millennium. 

The FDA approved the taxol super generic Abraxane® for the 
treatment of metastatic breast cancer in 2005. The active substance 
is nanoparticles of paclitaxel bound to albumin, which replace 
Cremophor, so there is a reduction of side effects, such as joint and 
muscle pain, and an increasing the tumor response to therapy. 
Coating taxol with albumin allowed using it without steroids, which 
can cause problems range from insomnia to hyperglycemia, etc. [15]. 
The drug is produced in the form of a lyophilizate for the 
preparation of a suspension for infusion. 

Sandostatin® LAR [16] by Novartis Pharma Stein, AG (Switzerland), 
containing octreotide acetate (a synthetic analogue of somatostatin) 
as an active substance and intended for intensive therapy in 
gastroenterology, is produced in the form of microspheres from a 
branched copolymer of lactic and glycolic acids for the preparation 
of a suspension for intramuscular administration. The solvent is a 
solution of carmellose sodium and mannitol in water for injection. 
The drug was registered in the USA in 1997 [17]. 

An example of NBGD is a combination drug device Trelstar® [18] 
manufactured by Debiopharm Research and Manufacturing SACH-
1920 Martigny, Switzerland for hormonal therapy in the palliative 
treatment for prostate cancer. The active substance is triptorelin 
pamoate (gonadotropin-releasing hormone agonist) in the 
lyophilizate form containing microgranules obtained using a star-
shaped branched copolymer of poly-D, L-lactic and polyglycolic 
acids. In addition to microgranules with API, the drug composition 
includes mannitol, polysorbate 80, sodium carboxymethylcellulose. 
The Telstar® packaging, in addition to the vial with lyophilized 
microgranules, includes a syringe pre-filled with water for injection 
and the original MIXJECT SYSTEM device (fig. 1) manufactured by 
West Pharma Services IL, Ltd, Ra’anana, Israel. MIXJECT SYSTEM is 
designed for dispersing the lyophilizate in a solvent with subsequent 
collection of the drug into a syringe. These procedures are 
complicated by the presence of a polymeric microspheres’ 
suspension in the lyophilizate. Using MIXJECT a vial with a 
lyophilizate is opened, water for injection is supplied into from an 
attached syringe, then the suspension dispersed in water is drawn 
back into the syringe with a plunger, the vial is disconnected, and a 
needle is installed on the syringe [18]. 

The drug is available in three dosages, depending on which the 
duration of action after a single injection ranges from 4 to 12 w. 
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Fig. 1: A system for lyophilizate feeding to a syringe for Telstar® drug [13], 1-plunger rod, 2-syringe barrel, 3-vial adapter, 4-needle 
shield, 5-safety cover, 6-vial 

 

Аmong the first versions of super generics are widely used till now 
Diprivan® (propofol, an anesthetic, 1991 FRESENIUS KABI), 
Copaxone® (glatiramer acetate injection, for the treatment of 
multiple sclerosis, 1996, Teva), Doxil® (doxorubicin hydrochloride 
liposomal, anticancer drug, 1996 Sequus Pharmaceuticals), 
Lovenox® (sodium enoxaparin for injection, antiplatelet agent, 1993 
SANOFI AVENTIS), Ferrlecit® (stable iron and sodium gluconate 
complex in sucrose, anemia, 1997, RHONE-POULENC RORER) [19-
24]. As it shown from the above examples, NBGD manufacturers use 
different approaches to improve the quality of drugs: coating API 
with albumin, microspherization, using an original and complex 
system for feeding the dosage form into a syringe, etc. 

Despite the fact that many NBGD are known for several decades, 
these have considered as an alternative to generic and original drugs 
literally in recent years. The prospects for the NBGD creation are 
justified by the use of modern ingredients and the rethinking of 
some factors influencing their effectiveness, for example, the route 
of administration, the type of dosage form, etc. 

The most important factor in the emergence of NBGD was the use of 
technologies discovered after the 70s of the 20th century and today 
already well-studied, so these drugs can be considered not scientific 
but innovative. 

Since 2018, over 100 complex generic drugs have been approved 
annually in the USA [25]. The information analysis of the complex 
generic drugs registration allows understanding the current 
situation more detailed using the FDA data as an example [9]. At the 
end of 2020, FDA revised and approved the specifications for 31 
drugs, and 45 more were under consideration. In the first echelon 
(revised), most of the DFs are traditional, soft DFs for external use 
are leading. Only 3 drugs are complex and amount to 9.7%; these are 
the intrauterine device with levonorgestrel, capsules with improved 
release of oxycodone and pellets for implantation with testosterone. 

In the second echelon complex, DF was already 20%. Among them 
are: controlled release subcutaneous implant with afamelanotide, 
colesevelam hydrochloride chewing pad, extended-release 
periodontal system containing doxycycline hyclate, vaginal ring with 
ethinyl estradiol and segesterone acetate, exenatide increased 
release subcutaneous suspension, irinotecan hydrochloride 
liposomal injection, intrauterine device with levonorgestrel, 
mometasone furoate implant, vaginal system with progesterone. The 
range of complex dosage forms indicates that scientific 
developments are more actively mastered by manufacturers and, 
thus, become on a par with traditional dosage forms. 

Among the active substances of CD, low molecular weight (acyclovir, 
levodopa, meloxicam, lidocaine, midazolam, etc.), antibiotics 
(tobramycin, penicillin benzoate, clindamycin, doxycycline, etc.) are 
used, and substances of complex structure: synthetic and semi-
synthetic hormones, peptides, etc. 

Features of development and quality control 

Approaches to testing and the regulatory framework for quality 
indicators of NBGD in innovative dosage forms cause many 
questions and difficulties among developers and regulators, 
hindering their introduction to the market. Due to the original 
design, NBGD need special additional standardization methods. 
These methods based on not only the active substances analysis and 
the pharmacopeial indicators determination. Knowledge of the 
technological obtaining features and the structure of dosage forms, 

taking into account new aspects of testing excipients, is also 
important. Differences in the nature and structure complexity of 
APIs, new application methods, technologies for creating dosage 
forms and quality indicators cause new challenges. These challenges 
are not only in the development of standardization, but also in the 
manufacturing process control in vivo research to assess the efficacy 
and safety of NBGD and resolve the issue of clinical comparability. 
Now these tasks require solutions. 

The production of generic drugs represents a savings to patients and 
hospitals, and these drugs should be evaluated periodically. To 
determine whether the drug is safely substituted, in vitro efficacy 
evaluation is very important [26]. 

In 2020 the FDA awarded a grant to the University of Maryland, 
Baltimore and the University of Michigan to establish The Center for 
Research on Complex Generics (CRCG) to solve the problems 
associated with the development of NBGD. The tasks of the Center 
include promoting cooperation between interested scientific 
organizations and other developers of drugs, conducting joint 
research, exchanging experience and information between the FDA, 
the scientific community and companies producing NBGD, training 
researchers involved in development. The activities of the Center 
will make new approaches to the NBGD development, quality 
assessment and bioequivalence determination more accessible and 
understandable [27]. 

In December 2020 the Center conducted a survey of researchers 
working in the field of development and study of complex generic 
drugs to determine the urgent tasks in the development of non-
biological DF should be focused on first. The survey covered three 
areas: identifying the most relevant types of complex products, 
identifying research methods to confirm the bioequivalence of these 
products and identifying priority educational topics for CRCG [27]. 

The top three most problematic NBGD cause difficulties for 
researchers in the development and quality assessment include 
complex injectable drugs, complex formulations and nanodrugs; 
combined medicines; inhalation and nasal forms. 

Test methods modeling local pharmacokinetics on a physiological 
basis, oral absorption and bioequivalence models and data analysis 
and machine learning cause difficulties the most. 

As for educational topics, the most popular were related to complex 
injectable drugs, including prolonged ones, long-acting implants, 
drugs with complex compositions and nanomaterials, combined 
medicines. The analysis of experimental data, including quantitative 
methods and modeling, raises many questions. The results of the 
survey formed the basis of the Center's initial research and 
educational programs. 

To help developers the FDA created a web-page with information 
about reviewing product-specific guidelines for complex generic 
drugs submitted for approval. There are recommendations based on 
new scientific information that ultimately help pharmaceutical 
companies plan and optimize the development of NBGD [9]. 

The manufacturing process of innovative CGs is a base for creating 
the right standard product. It follows the path of scaling innovations, 
which justifies the development of new technological solutions, the 
need for special attention and precise compliance with certain 
technological conditions. Even small changes for simplification and 
reduction in cost can affect the quality of the drug. The 



D. N. B. et al. 
Int J App Pharm, Vol 16, Issue 3, 2024, 71-77 

74 

manufacturing process must be stable include constant monitoring 
of technological and other conditions, validation, as well as the use 
of identical standard excipients.  

Innovations are leading to the creation of a new segment of 
supergenerics with improved therapeutic effects. These drugs are 
cost-effective and also provide greater patient compliance, which 
directly contributes to meeting the medical needs of the masses. This 
new segment gives a modern outlook to the generics market, 
following the quality by design (QbD) approach to develop improved 
therapeutics [28]. 

QbD is used in pharmaceutical processes to create a pre-determined 
product quality. QbD is a science-based approach to reduce process 
variability and create process control strategies that result in 
improved process understanding and reliability. A requirement of 
QbD is the identification of all critical recipe attributes and their 
associated process parameters. Thus, the QbD approach is a tool for 
developing efficient and quality pharmaceutical products [29]. 

If the production chains for obtaining various NBGD in most cases 
are individual and refer to know-how, then the properties of 
excipients are reflected in open sources. The choice of an inactive 
component or its replacement is not an easy case to decide because 
of the large and constantly expanding range diverse functional 
characteristics of modern pharmaceutical-grade excipients. 

Therefore, databases of pharmaceutical ingredients become relevant 
in purpose to systematize and provide complete and comprehensive 
information to help drug developers. Guidance on inactive 
ingredients used in drug formulations was first issued in the U. S. in 
1987 in paper format; posting to the FDA's online database began in 
2003. The FDA database contains information about dosage forms in 
which excipients are used, the maximum daily dose, acceptable 
routes of administration, dosages for each of the indicated routes of 
administration (for which data are available), as well as safety 
information [30].  

Available information on inactive ingredients is constantly being 
updated so that users can perform electronic queries to obtain 
accurate information about ingredients. 

The control of ingredients as an important tool for the necessary 
pharmacokinetics of DF becomes relevant. First of all, this applies to 
polymers, the degree of their influence on the release of API and the 
effectiveness of DF depends on the molecular weight, branching of the 
polymer chain, the ratio of components in copolymers and other 
characteristics. Therefore, in addition to identification the content of the 
polymer and impurities, it is extremely necessary to determine and 
quantitatively declare a number of its physicochemical properties [9, 31]. 

Many long-acting drugs based on polymers, such as biodegradable 
microspheres, in situ gels and implants are intended for parenteral 
and ophthalmic routes of administration. The physiology of these 
routes of administration takes special requirements for the quality 
of drugs. Among the polymers used in formulations to control the 
rate of API release and prolongation of its action are D, L-polylactic 
acid and its copolymers, approved for pharmaceutical use since the 
90s of the 20th century. 

Non-proprietary analogues containing a copolymer of polylactic and 
polyglycolic acid (PLGA) cause problems in the characterization and 
evaluation of quality indicators. To address issues related to generic 
PLGA development, the FDA established an extensive research 
program to explore new methods and tools to aid both product 
development and regulatory review. The main objects of research 
are analytical tools for the characterization of PLGA polymers; the 
impact of PLGA characteristics and manufacturing conditions on 
product characteristics; in vitro drug release testing, correlation of in 
vitro and in vivo results, modeling techniques to facilitate 
formulation development and design of bioequivalence studies of 
PLGA-based drugs [32]. 

In recent years, to create new drugs scientists use not only linear but 
also star-shaped and branched polylactides and their copolymers 
[31, 33]. Since the properties of branched polymers are highly 
dependent on the architecture of the constituent macromolecules, a 
detailed knowledge of its topology is an important component for 
determining the structure-property relationships of the resulting 
product. In order to ensure the standardization of drugs, the release 
profile of API from, which is determined by the polymer, information 
on the type of polymer, the degree of its branching, and 
concentration is needed. 

 

 

Fig. 3: Illustration of variuos star polymers classified by (a) compositon and sequence distribution of the arm polymer, (b) difference in 
arm species, and (c) functional placement [25]. 1-homopolymer, 2-random copolymer star, 3-block copolymer star, 4-compositional 

miktoarm star, 5-end-functionalized homopolymer star 

 

Determination of the star-shaped polymers characteristics 
consisting of nonlinear architecture macromolecules is complicated 
in comparison with their linear counterparts. Work in this direction 
has begun, it has become possible to characterize complex branched 
star-shaped polymers in the formulations of Sandostatin® LAR, 
Trelstar®, and others [31] with the development of advanced 
analytical methods. For this, precise instrumental analytical 
methods are already used today: proton nuclear magnetic 
resonance, desorption-ionization time-of-flight mass spectrometry, 

differential scanning calorimetry, thermogravimetry, wide-angle X-
ray diffractometry, and more and more research use structure 
visualization methods: atomic force microscopy and transmission 
electron microscopy [33]. 

The list of critical quality indicators of block copolymers and 
micellar drugs based on is given in [34]. The key quality indicators of 
block copolymers, as other excipients in drug formulations, are 
chemical structure, nature of the bond with API, impurities. 
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However, the list of polymer micellar drugs characteristics 
recommended for study is not limited to this. These features are also 
included:  

-related to the polymer micelle: average micelle size and micelle size 
distribution profile, zeta potential, morphology, stability, release of 
the active substance in plasma and/or significant medium, 
degradation of the block copolymer in plasma and/or significant in 
vitro medium;  

-related to the manufacturing process of micelles, primarily the 
stability of the manufacturing process and ensuring the constancy of 
DF indicators, validation of recovery processes and ensuring 
sterility, etc.; 

-related to the behavior of micelles in vivo, affecting the rate and site 
of the API release, as well as the rate and site of the block copolymer 
degradation. 

Strict requirements for the quality of excipients determine the 
production in accordance with good manufacturing practice (GMP). 
According to the FDA, the NBGD master file should contain a section 
related to the production of inactive ingredients, including basic 
technical details. 

As mentioned earlier, in order to confirm the quality of NBGD based 
on nanoparticles, liposomes, polymers, etc. carriers, as well as 
complex preparations equipped with special devices for 
administration, it is necessary to develop scientifically specific 
quality indicators and determination methods and standards not 
described in pharmacopoeias. For example, the API release test in 
vitro from long-acting drugs causes difficulties for developers [35]. 
The monographs USP, EР, RF describe the apparatus and conditions 
for carrying out standard procedures for the Dissolution test, 
however, testing of NBGD for example, for injectable suspensions, 
needs to be optimized for a specific route of administration and 
duration of release of API from DF. In [35], it is recommended to 
evaluate the release in vitro in real time during the expected period 
of use of the product. Accelerated testing can also be used as a 
quality control tool, in which the temperature or medium or flow 
rate of the flow cell is changed to stimulate drug release. However, 
accelerated testing should be supported by cross-validation with 
long-term testing to demonstrate the interchangeability of the 
proposed tests as a quality control tool. 

The scientific complexity of many CG makes it difficult to establish 
pharmaceutical equivalence and/or bioequivalence. 

Because of the new design of the dosage form, the introduction of 
new excipients and other changes, the behavior of NBGD in the body 
may differ significantly from the behavior of the active substance of 
the known drug. In the case of delivery systems such as micelles, 
nanoparticles or liposomes, the entire carrier-PI complex is the 
active pharmaceutical ingredient and its properties cannot be fully 
characterized by physicochemical analysis alone [36]. Therefore, the 
study of the pharmacokinetics and bioequivalence of CG is 
necessary. For the correct and safe use of CG, it is also necessary to 
study pharmacodynamics, determine the pathways of metabolism 
and excretion not only the active but also a number of excipients, in 
particular, of a polymeric nature [34, 36, 37]. 

The Board of the Eurasian Economic Commission has developed a 
number of Recommendations designed to ensure the use of unified 
approaches to pharmaceutical development, quality assessment and 
pharmacokinetic and clinical studies of bioequivalence of certain 
groups of drugs:  

-block copolymer micellar drugs [37]; 

-drugs for parenteral administration coated with nanoparticles and 
drugs based on colloidal iron for intravenous administration [37]; 

-liposomal drugs for intravenous administration [34]. 

The EEC guidelines cover a whole range of issues from general 
quality requirements for the indicated groups of drugs and their 
ingredients to the strategy of pharmaceutical development, 
preclinical and clinical studies and clinical safety assessment. These 
guidelines contain the currently available scientific potential of the 

CG developments of these groups, which is the result of research by 
scientists for decades and is reflected in scientific publications. The 
most difficult question is the choice and justification of specific 
methods and standards, because there are not in the existing 
regulatory documents related to the creation of CG. Due to the 
complexity of structure and manufacturing processes, the current 
regulatory documents need to be expanded and revised. 

Given the potential and prospects of NBGD, it is important not only 
to ensure clarity in the procedures for evaluation and publication of 
scientific studies. There is a need to create new guidance documents 
scientific and regulatory roadmaps for the development and 
approval of generic versions of complex drugs [38]. 

The development of complex generic drugs aimed at unmet clinical 
needs is a non-trivial task; it [25, 27, 31, 35, 36] has become a 
growing segment of the pharmaceutical industry, setting the 
development vector for pharmaceutical sciences, technologies, 
production, dictating new approaches to drug quality control. The 
interest in the creation of CG among a number of pharmaceutical 
manufacturers leads to the reconstruction of their business models. 
Among the key companies working in this direction are: Sun 
Pharmaceutical Industries Ltd., Meda Pharmaceuticals Inc., Taiwan 
Liposome Company Ltd., Dr. Reddy's Laboratories, Allergan plc., 
Teva Pharmaceutical Industries Ltd. and Celgene et al. [39]. 

Lubrizol Life Science's Health (LLS Health) has many years of 
experience in working with a number of dosage forms, including 
injections of microcarriers and depot gels, implantable systems and 
combined drugs, as well as various sterile ophthalmic dosage forms 
[31, 35]. 

A detailed report on the CG market development in the world is 
given in [39]. It provides an overview of the CG approved in 2016-
2018, includes information on the administration routes, 
pharmacological action. Solutions for the development of CG are 
presented; important technical characteristics associated with 
technologies, the type of substance molecule, the influence of 
various factors on the properties of the drug are shown. Because of a 
detailed analysis of the trends, it was concluded that the CG market 
is ready for significant growth in the coming years. The Asia-Pacific 
region is expected to see the best opportunities for its growth due to 
the presence of key manufacturers that focus on innovation. 

CONCLUSION 

In the perspective of the pharmaceutical industry development, 
manufacturers expand their product portfolios by updating generic 
drugs. Complex generics based on innovative technologies, new 
components, updated dosage forms, new routes of administration, 
etc. are used to improve the quality of patients’ treatment by 
increasing the effectiveness and safety of drugs. The development of 
CG in most cases cannot be attributed to trivial tasks, since it entails 
the need to solve complex technological and analytical issues. 
Manufacturers of CG introduce nanotechnologies, new complex 
excipients and other innovations into practice that becomes vectors 
of scientific and commercial development of the pharmaceutical 
industry. The evolving trend of creating CG as generic updates pose 
the challenge of improving regulatory procedures and guidance 
documents, as well as regulatory recommendations on issues related 
to determining the quality, safety and efficacy of new versions of 
reproduced drugs. The creation of a legal regulatory framework to 
substantiate the principles of standardization, the generalization of 
existing approaches to the creation of CG are relevant today since it 
will accelerate the entry into the market of effective, standard drugs 
and serve as an incentive for the development of promising area of 
pharmaceuticals in the future. 

FUNDING 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.  

AUTHORS CONTRIBUTIONS 

Demina N. B.–idea and design of the research, writing the text of the 
article, Bakhrushina E. O.–idea, writing of the article, participation in 
the discussion of the design, Merkushova A. G.–gathering 



D. N. B. et al. 
Int J App Pharm, Vol 16, Issue 3, 2024, 71-77 

76 

information, participation in the discussion of the article, Pomytkina 
M. V.–writing the text of the article, Anurova M. N.–participation in 
the discussion of the article, reviewing, Bardakov A. I.–participation 
in the discussion and writing of the article, Rastopchina O. V.–
participation in the discussion and writing of the article, Krasnyuk I. 
I.–reviewing, final approval of the article. 

CONFLICT OF INTERESTS 

The authors declare no conflict of interest. 

REFERENCES 

1. Rathi H, Biyani M. Knowledge, attitude, and perception of Indian 
population about generic versus branded medicines: a web-
based study. Asian J Pharm Clin Res. 2021;14:95-8. doi: 
10.22159/ajpcr.2021.v14i2.40088. 

2. Gao. Highlights of GAO-18-80, a report to congressional 
requesters. Generic drugs. FDA should make public its plans to 
issue and revise guidance on nonbiological complex drugs; 2017. 
Available from: quality by design (QbD ). [Last accessed on 04 
May 2023] 

3. Barei F. The generic pharmaceutical industry: moving beyond 
incremental innovation towards re-innovation. GaBI J. 
2013;2(1):13-9. doi: 10.5639/gabij.2013.0201.011. 

4. Donnelly M, Tsakalozou E, Sharan S, Straubinger T, Bies R, Zhao 
L. Review of complex generic drugs delivered through the 
female reproductive tract: the current competitive landscape 
and emerging role of physiologically based pharmacokinetic 
modeling to support development and regulatory decisions. J 
Clin Pharmacol. 2020;60Suppl 2:S26-33. doi: 
10.1002/jcph.1760, PMID 33274513. 

5. Generic drugs market–global industry analysis, market size, 
share, growth, trends, region outlook, and segment forecasts; 
2021-2030. Available from: 
https://www.precedenceresearch.com/generic-drugs-market. 
[Last accessed on 04 May 2023] 

6. Drugs going generic in the next 5 y; 2018-2022. Available from: 
https://www.goodrx.com/healthcare-access/medication-
education/drugs-going-generic-2018-2019-2020-2021-2022. 
[Last accessed on 04 Nov 2023] 

7. Higgins Dunn N. The top 15 blockbuster patent expirations 
coming this decade; 2021. Available from: 
https://www.fiercepharma.com/special-report/top-15-
blockbuster-patent-expirations-coming-decade. [Last accessed 
on 04 May 2023] 

8. Charles SA. Supergenerics: a better alternative for biogenerics. 
Drug Discov Today. 2005;10(8):533-5. doi: 10.1016/S1359-
6446(05)03410-0, PMID 15837591. 

9. Product-specific guidances for generic drug development. 
Available from: https://www.fda.gov/drugs/guidances-
drugs/upcoming-product-specific-guidances-complex-generic-
drug-product-development. [Last accessed on 04 May 2023] 

10. Curriculum materials for health care degree programs. 
Biosimilars. Available from: 
https://www.fda.gov/drugs/biosimilars/curriculum-materials-
health-care-degree-programs-biosimilars#level1. 

11. Saraf GJ, Burade KKB, Gonjari ID, Hosmani AH, Pawar AA. A review 
on advances in pharmaceutical co-crystal preparation routes, 
intellectual property perspective and regulatory aspects. Int J Curr 
Pharm Sci. 2022;14(5):4-12. doi: 10.22159/Ijcpr.2022v14i5.2038. 

12. Desnita R, Noviana E, Zai K, Saifullah Sulaiman TN. An up-to-date 
review: microspheres as a new drug delivery system. Int J App 
Pharm. 2023;15(6):82-9. doi: 10.22159/ijap.2023v15i6.49120. 

13. EMA. QRD general principles regarding the SmPC information 
for a generic/hybrid/biosimilar product. Energy Market 
Authority of Singapore/627621/2011 rev.1,18 June 2018. 
Human Medicines Evaluation Division. Available from: 
https://www.ema.europa.eu/en/documents/regulatory-
procedural-guideline/quality-review-documents-general-
principles-regarding-summary-product-characteristics-
information-generic-hybrid-biosimilar-product_en.pdf. [Last 
accessed on 24 May 2023] 

14. Generic and hybrid medicines. Available from: 
https://www.ema.europa.eu/en/human-regulatory/marketing-
authorisation/generic-hybrid-medicines. [Last accessed on 04 
May 2023]. 

15. Highlights of prescribing information. Abraxane® for injectable 
suspension (paclitaxel protein-bound particles for injectable 
suspension) (albumin-bound), for intravenous use. Available from: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/021
660s047lbl.pdf. [Last accessed on 24 May 2023] 

16. Highlights of prescribing information. Sandostatin® LAR depot 
(octreotide acetate) for injectable suspension, for gluteal 
intramuscular use. Available from: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/
021008s043lbl.pdf. [Last accessed on 24 May 2023] 

17. Pigarova EA, Dzeranova LK. Sandostatin i sandostatin LAR pri 
metabolicheskikh, neyroendokrinnykh i onkologicheskikh 
zabolevaniyakh. Obes Metabol. 2011;8(1):26-30. doi: 
10.14341/2071-8713-5188. 

18. Highlights of prescribing information. Trelstar® (triptorelin pamoate 
for injectable suspension), for intramuscular use. Available from: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/020
715s040,021288s035,022427s015lbl.pdf. [Last accessed on 24 May 
2023] 

19. Highlights of prescribing information. Diprivan® (propofol 
injectable emulsion), for intravenous use. Available from: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/
019627s069lbl.pdf. [Last accessed on 24 May 2023] 

20. Highlights of prescribing information. Copaxone (glatiramer 
acetate) solution for subcutaneous injection. Available from: 
www.accessdata.fda.gov/drugsatfda_docs/label/2009/020622s
057lbl.pdf. [Last accessed on 24 May 2023] 

21. Barenholz Y. Doxil®-the first FDA-approved nano-drug: lessons 
learned. J Control Release. 2012;160(2):117-34. doi: 
10.1016/j.jconrel.2012.03.020, PMID 22484195. 

22. Highlights of prescribing information. Doxorubicin hydrochloride 
liposome injection, for intravenous use. Available from: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/05
0718Orig1s060lbl.pdf. [Last accessed on 24 May 2023] 

23. Highlights of prescribing information. Lovenox (enoxaparin 
sodium injection) for subcutaneous and intravenous use. 
Available from: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/
020164s085lbl.pdf. [Last accessed on 24 May 2023] 

24. Highlights of prescribing information. Ferrlecit (sodium ferric 
gluconate complex in sucrose), injection, for intravenous use. 
Available from: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/
020955s020lbl.pdf. [Last accessed on 24 May 2023] 

25. Lionberger R. Generic drugs in the 21st century: FDA’s actions 
create transparency and value for complex generic product 
development. Available from: https://www.fda.gov/drugs/news-
events-human-drugs/generic-drugs-21st-century-fdas-actions-
create-transparency-and-value-complex-generic-product. [Last 
accessed on 24 May 2023] 

26. Medina JR, Cortes M, Romo E. Comparison of the USP apparatus 
2 and 4 for testing the in vitro release performance of ibuprofen 
generic suspensions. Int J App Pharm. 2017;9(4):90-5. doi: 
10.22159/ijap.2017v9i4.19926. 

27. Stern S, Coghlan J, Krishnan V, Raney SG, Babiskin A, Jiang W. 
Research and education needs for complex generics. Pharm Res. 
2021;38(12):1991-2001. doi: 10.1007/s11095-021-03149-y, 
PMID 34950975. 

28. Kumar L, Deshpande A, Page A. Super generics/improved 
therapeutic entities: an approach to fulfil unmet medical needs 
and extending market exclusivity of generic medicines. Int J 
Pharm Pharm Sci. 2015;7(2):25-9. 

29. Rajora A, Chhabra G. Quality by design approach: regulatory 
need, current, and future perspective. Asian J Pharm Clin Res. 
2021;14(6):29-35. doi: 10.22159/ajpcr.2021.v14i6.33733. 

30. Using the inactive ingredient database. Guidance for industry. 
United States Department of Health and Human Services Food 
and Drug Administration Center for Drug Evaluation and 
Research (CDER); 2019. Available from: 
https://www.fda.gov/media/128687/download. [Last accessed 
on 02 May 2023] 

31. Key takeaways from the FDA complex generic drug product 
development workshop: part 1. Available from: 
https://lubrizolcdmo.com/blog/key-takeaways-from-the-2019-

https://doi.org/10.22159/ajpcr.2021.v14i2.40088
https://doi.org/10.5639/gabij.2013.0201.011
https://doi.org/10.1002/jcph.1760
http://www.ncbi.nlm.nih.gov/pubmed/33274513
https://www.fiercepharma.com/special-report/top-15-blockbuster-patent-expirations-coming-decade
https://www.fiercepharma.com/special-report/top-15-blockbuster-patent-expirations-coming-decade
https://doi.org/10.1016/s1359-6446(05)03410-0
https://doi.org/10.1016/s1359-6446(05)03410-0
http://www.ncbi.nlm.nih.gov/pubmed/15837591
https://www.fda.gov/drugs/guidances-drugs/upcoming-product-specific-guidances-complex-generic-drug-product-development
https://www.fda.gov/drugs/guidances-drugs/upcoming-product-specific-guidances-complex-generic-drug-product-development
https://www.fda.gov/drugs/guidances-drugs/upcoming-product-specific-guidances-complex-generic-drug-product-development
https://doi.org/10.22159/ijcpr.2022v14i5.2038
https://doi.org/10.22159/ijap.2023v15i6.49120
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/quality-review-documents-general-principles-regarding-summary-product-characteristics-information-generic-hybrid-biosimilar-product_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/quality-review-documents-general-principles-regarding-summary-product-characteristics-information-generic-hybrid-biosimilar-product_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/quality-review-documents-general-principles-regarding-summary-product-characteristics-information-generic-hybrid-biosimilar-product_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/quality-review-documents-general-principles-regarding-summary-product-characteristics-information-generic-hybrid-biosimilar-product_en.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/021660s047lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/021660s047lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/021008s043lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/021008s043lbl.pdf
https://doi.org/10.14341/2071-8713-5188
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/020715s040,021288s035,022427s015lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/020715s040,021288s035,022427s015lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/019627s069lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/019627s069lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2009/020622s057lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2009/020622s057lbl.pdf
https://doi.org/10.1016/j.jconrel.2012.03.020
http://www.ncbi.nlm.nih.gov/pubmed/22484195
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/050718Orig1s060lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/050718Orig1s060lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/020164s085lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/020164s085lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/020955s020lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/020955s020lbl.pdf
https://www.fda.gov/drugs/news-events-human-drugs/generic-drugs-21st-century-fdas-actions-create-transparency-and-value-complex-generic-product
https://www.fda.gov/drugs/news-events-human-drugs/generic-drugs-21st-century-fdas-actions-create-transparency-and-value-complex-generic-product
https://www.fda.gov/drugs/news-events-human-drugs/generic-drugs-21st-century-fdas-actions-create-transparency-and-value-complex-generic-product
https://doi.org/10.22159/ijap.2017v9i4.19926
https://doi.org/10.1007/s11095-021-03149-y
http://www.ncbi.nlm.nih.gov/pubmed/34950975
https://doi.org/10.22159/ajpcr.2021.v14i6.33733
https://www.fda.gov/media/128687/download


D. N. B. et al. 
Int J App Pharm, Vol 16, Issue 3, 2024, 71-77 

77 

fda-complex-generic-drug-product-development-workshop-
part-1/ [Last accessed on 02 May 2023] 

32. Wang Y, Qin B, Xia G, Choi SH. FDA’s poly (Lactic-co-glycolic acid) 
research program and regulatory outcomes. AAPS J. 2021;23(4):92. 
doi: 10.1208/s12248-021-00611-y, PMID 34189655. 

33. Michalski A, Brzezinski M, Lapienis G, Biela T. Star-shaped and 
branched polylactides: synthesis, characterization, and 
properties. Prog Polym Sci. 2019;89(001):159-212. doi: 
10.1016/j.progpolymsci.2018.10.004. 

34. Decision of the board of the Eurasian Economic Commission. On 
approval of the Guidelines for the pharmacokinetic and clinical 
study of the bioequivalence of liposomal drugs for intravenous 
administration. Available from: https://docseaeunion.org/docs/en-
us/01527324/err_18092020_111. [Last accessed on 19 Mar 2024] 

35. Key takeaways from the FDA complex generic drug product 
development workshop: part 2; 2020. Available from: 
https://lubrizolcdmo.com/blog/key-takeaways-from-the-2019-
fda-complex-generic-drug-product-development-workshop-
part-2/. [Last accessed on 02 May 2023] 

36. Gaspar RS, Silva Lima B, Magro F, Alcobia A, da Costa FL, Feio J. 
Non-biological complex drugs (NBCDs): complex 
pharmaceuticals in need of individual robust clinical assessment 

before any therapeutic equivalence decision. Front Med 
(Lausanne). 2020;7:590527. doi: 10.3389/fmed.2020.590527, 
PMID 33330550. 

37. Recommendation of the board of the Eurasian Economic 
Commission. Vol. N15; 2020. On guidelines for quality assessment 
and bioequivalence studies of certain groups of drugs. Available 
from: https://docs.eaeunion.org/docs/ru-
ru/01427321/err_18092020_15. [Last accessed on 19 Mar 2024] 

38. Lunawat S, Bhat K. Complex generic products: insight of current 
regulatory frameworks in US, EU and Canada and the need of 
harmonisation. Ther Innov Regul Sci. 2020;54(5):991-1000. doi: 
10.1007/s43441-020-00114-6, PMID 31960290. 

39. Generics market: focus on value-added 
medicines/supergenerics, 2019-2030; 2019. Available from: 
https://www.researchandmarkets.com/reports/4850776/gene
rics-market-focus-on-value-added-
medicines?utm_source=dynamicandutm_medium=BWandutm_c
ode=chh3jtandutm_campaign=1315290+-
+Global+Generics+Market+Outlook%2c+2019-
2030%3a+Focus+on+Value-
Added+Medicines%2fSupergenericsandutm_exec=joca220bwd. 
[Last accessed 04 May 2023] 

 

https://doi.org/10.1208/s12248-021-00611-y
http://www.ncbi.nlm.nih.gov/pubmed/34189655
https://doi.org/10.1016/j.progpolymsci.2018.10.004
https://docseaeunion.org/docs/en-us/01527324/err_18092020_111
https://docseaeunion.org/docs/en-us/01527324/err_18092020_111
https://doi.org/10.3389/fmed.2020.590527
http://www.ncbi.nlm.nih.gov/pubmed/33330550
https://docs.eaeunion.org/docs/ru-ru/01427321/err_18092020_15
https://docs.eaeunion.org/docs/ru-ru/01427321/err_18092020_15
https://doi.org/10.1007/s43441-020-00114-6
http://www.ncbi.nlm.nih.gov/pubmed/31960290

	INTRODUCTION
	CONCLUSION
	FUNDING
	AUTHORS CONTRIBUTIONS
	CONFLICT OF INTERESTS
	REFERENCES

