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Introduction: In recent years a new category of medicinal products, the non-biological 
complex drugs (NBCDs) emerged. They are distinct from both the small molecules and 
the biological therapeutics by being composed of non-homomolecular large structures, 
some of which may be nanoparticulate, and by not being a biological product or being 
chemically synthesized. Approval of their follow-on copies is problematic because like 
biologicals they are impossible to be fully characterized by only their physiochemi-
cal properties and both their structure and function are sensitive to small changes in 
the laborious and diffi  cult to control manufacturing process. Today, requirements for 
authorization of follow-on NBCDs are unclear and handled on a case-by-case basis.
Methods: An educational workshop was held in Kuala Lumpur, Malaysia, in an attempt 
to identify current and best practices for the approval, use and post-approval monitor-
ing of follow-on NBCDs. The workshop consisted of didactic presentations, case studies, 
and interactive sessions designed to present background information and evidence on 
NBCDs. The focus was on intravenous (IV) iron sucrose products where a series of data 
on diff erences between the innovative and follow-on versions have been published. 
Participants included practising clinicians, academics, drug regulators, and scientists 
from industry who were sent a reading list and a pre-workshop questionnaire about 
current and best practices concerning the regulation, use and monitoring of follow-
on NBCDs. Two separate breakout sessions, one for clinicians and one for regulators 
were held to discuss the results of the questionnaires and to come to consensus about 
unmet regulatory and clinical needs and best practices.
Results: Both the questionnaire results and workshops confi rmed that although 
awareness was partially raised, there remains a lack of uniformity in US/EU as well as 
Asia-Pacifi c regulations of follow-on NBCDs. There was consensus that there is a need 
for education of regulators and clinicians about these products as well as a need to 
develop better and more consistent regulatory practices for handling follow-on NBCDs. 
Clinicians expressed their concerns about the adequacy of current regulatory approval 
processes and the concomitant information provided for healthcare practitioners lead-
ing to the inappropriate substitution by pharmacists of products without informing or 
obtaining permission from treating clinicians.
Conclusion: There is a need to identify improved, best practices for the regulation, 
use and post-approval monitoring of NBCDs. Approval and substitution must consider 
clinically important product diff erences and more eff ectively involve clinicians.

follow-on small molecule generics using 
a more extensive similarity approach [1].

Effective, abbreviated regulatory proce-
dures exist for assessing follow-on ‘generic’ 
versions of small molecule medicinal 
products. Proof of pharmaceu tical equiva-
lence and comparability of bioequiva-
lence establish thera peutic equivalence 
for such medicinal products (generics 
paradigm). Macromolecular, biological 
complex medicinal products however 
cannot be fully charac terized by physi-
cochemical tests. In addition, for many 
of these medicinal products bioequiva-
lence assessment is either not possible or 
not indicative of clinical safety and effi -
cacy. Therefore, a different ‘biosimi lar’ 
approach that includes in vitro biological 
and clinical evaluations has been devel-
oped for follow-on biologicals and thera-
peutic proteins ‘manufactured’ by living 
organisms.

There are a growing number of non-bio-
logical complex drugs (NBCDs) that are 
neither small molecules nor biologicals. 
NBCDs include a number of chemically 
synthesized, macromolecular products 
such as liposomal products, glatiramoids, 
and intravenous (IV) iron carbohydrate 
preparations. As for the biologicals, NBCDs 
cannot be fully characterized by physico-
chemical analysis. Even minor changes in 
their laborious synthetic manufacturing 
processes can affect composition or struc-
ture and result in meaningful differences in 
clinical effects. Due to their  nanosize prop-
erties, some of these follow-on  versions of 
NBCDs are also referred to as ‘nanosimi-
lars’. In the past, these ‘nanosimilars’ have 
been regulated the same as small molecule 
generics.

The adequacy of this regulatory approval 
process has been questioned because ther-
apeutic non-equivalence and non-inter-
changeability of authorized follow-on IV 
iron sucrose products have been reported 
[2, 3]. Therefore, authorities addressed the 
urgent need to defi ne best practices for 
nanosimilar approval and post-approval 
pharmacovigilance to maximize the 
chances that such follow-on products pro-
vide patients with non-inferior safety and 
clinical outcomes [4-9]. Recently, a nano-
similar approval approach has also been 
proposed [1, 10-12].
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Introduction
With few exceptions small molecule generic 
drug products provide equivalent results 
at lower costs and can be considered as 
therapeutically equivalent. However, bio-
logical follow-on products, i.e. biosimilars, 

are impossible to completely charac terize 
by their physiochemical proper ties and 
even minor changes in their manufacturing 
processes can result in clinically meaningful 
differences in effi cacy or safety. Therefore, 
biosimilars are regulated differently than are 
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Methods
On 8 October 2013, the Generics and 
Biosimilars Initiative (GaBI) held the First 
Asia-Pacifi c Educational Workshop on 
Non-Biological Complex Drugs (NBCDs) 
in Kuala Lumpur, Malaysia. The objectives 
of the workshop were to raise evidence-
based awareness of the potential differ-
ences in quality as well as therapeutic and 
toxic effects of NBCDs including IV iron 
products. The goal was to promote active 
discussion amongst various stakeholders 
from the Asia-Pacifi c region concerning the 
best practice methods to approve, regulate, 
monitor and use follow-on (similar but not 
identical) NBCDs, and to identify areas of 
consensus, uncertainty and disagreement 
concerning these NBCDs best practices.

Speakers were selected by the GaBI 
Journal publisher and included acade-
micians and regulators from Europe, a 
practising nephrologist (France) and an 
obstetrician/gynaecologist (South Korea) 
who had published research relating 
to NBCDs and are involved in the day-
to-day use of IV iron NBCDs, as well as 
experts from academia and the manufac-
turer of the originator iron sucrose prod-
uct (Venofer®). Non-speaker participants, 
selected in consultation with the Ministry 
of Health Malaysia, came from Indonesia, 
Malaysia, Pakistan, the Philippines, Thai-
land and Singapore. Prior to the work-
shop participants were provided a reading 
list and a questionnaire to complete and 
return covering current and perceived 
best practices both of which are available 
on request to the publisher; as are the 
questionnaire responses, the reading and 
participant lists, and copy of all presenta-
tions (www.gabi-journal.net/about-gabi/
current-activities).

Results
Speakers summarized key aspects of the 
manufacturing, physicochemical proper-
ties, analysis, current regulatory practice 
and clinical experience with NBCDs.

Drug development and regulatory approval 
require distinct product naming, charac-
terization and use of the specifi c product 
in preclinical and clinical evaluation of a 
product, see Figure 1 [11]. While relatively 
straight forward for small molecule gener-
ics, the required unequivocal identifi cation 
of the drug product can be impossible 
for NBCDs and their  copies. Regulatory 
approval of nanosimilars is especially prob-
lematic because the understanding of which 
differences are clinically relevant is very 

limited. As summarized by  Professor Gerrit 
Borchard, ‘The bio-disposition and activity 
of NBCDs is determined by their interac-
tion with biological systems. This, in turn, 
is thought to be governed by their physi-
cochemical parameters, such as size and 
size distribution, surface charge, and com-
position. However, a rationale predicting 
biological outcome based on NBCD prop-
erties is still lacking.’ The EU has led the US 
in development of regulations for biosimi-
lars and nanosimilars and places particular 
emphasis on proving product effi cacy and 
safety. In 2009, the European Medicines 
Agency (EMA) implemented the Ad-Hoc 
Nanomedicine Expert Group, which has 
published a number of ‘refl ection papers’ 
on approval of NBCD nanomedicines 
including IV iron sucrose [4-8].

The clinical relevance of follow-on 
NBCD approval and use was illustrated 
by two clinical case studies presented by 
the authors of these published reports. The 
fi rst was of the substitution of a  follow-on 
iron sucrose product (Ferex, BMI Korea) 
for the originator (Venofer®, Vifor Pharma 
Ltd, Switzerland) in gynaecological patients 
that resulted in signifi cantly more adverse 
events and higher overall costs [2]. The 
 second was of inferior therapeutic effects 
and increase in costs seen after substitution 
of the  follow-on Fer Mylan for Venofer® in 
French renal dialysis patients [3]. Substitu-
tions were both based on theoretical cost 
savings and the clinicians were not aware 
of the switch until after they observed the 
 negative effects. These cases raised concerns 
about both the adequacy of the  follow-on 
NBCD approval processes and the lack 
of clinician involvement in pharmacy 
 substitution practices. They also suggest 
that prospective  double-blind  therapeutic 
trials should be done to  evaluate whether 

 substitutions  actually result in cost  savings 
without changes in effi cacy or safety. 
Finally, they illustrate the need for appro-
priate and indicative post-approval pharma-
covigilance studies.

The concerns raised by these cases were 
mirrored in comments made by partici-
pants during the breakout sessions. There 
was unanimous clinician consensus that 
treating physicians should be asked or 
at least made aware before any substitu-
tion was made and that there should be 
 adequate post-approval monitoring of 
such products. The majority of  clinicians 
also felt that such products should be 
approved only after adequate clinical test-
ing.  Regulators indicated that regulatory 
pathways are being put in place in the 
Asia-Pacifi c region but there was  consensus 
that the issues raised by NBCDs were not 
well understood. Because of their limited 
regulatory experience with these products 
regulators and clinicians tend to rely on 
information supplied by the manufacturers 
of such products.  Follow-on products are 
generally being regulated as  generics on 
a case-by-case basis. Some post- marketing 
surveillance procedures are in place, how-
ever, their effectiveness was questioned.

Both clinicians and regulators agreed that 
the NBCD concept is new and not well 
understood, therefore, few or no adequate 
regulatory pathways are in place. In order 
to develop such pathways, basic scientifi c 
and clinical data are needed as well as 
training and education of all stakeholder 
groups involved, i.e. patients’ organiza-
tions, nurses, pharmacists,  clinicians and 
regulators. Feedback from practitioners 
to regulatory authorities and interna -
tional cooperation of regulatory  authorities 
in Asia-Pacifi c countries were felt to be 
important in the development of best 

Non-Biological Complex Drugs

Figure 1:  Overview of established and suggested terminology to different between 
originator products and copies [11]
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practice regulatory approaches but there 
was general agreement with a previously 
published proposal, see Figure 2, for 
approval of NBCD similars [10].

There was consensus that the education 
of all stakeholders was needed but it was 
not clear what methods would be the 
most effective. It was suggested that pro-
viding EMA draft opinions to regulators in 
all countries could lead to greater interna-
tional regulatory cooperation.

The GaBI Journal will focus on NBCDs in 
future publications and educational work-
shops/conferences. The faculty of this 
workshop was approached to present the 
topic of NBCD at the upcoming ASEAN 
ACCSQ PPWG (ASEAN Consultative Com-
mittee for Standards and Quality [ACCSQ]  
Pharmaceutical Product Working Group 
[PPWG]) Conference to be held on 17–20 
June 2014. Also, a session on biosimilars 
and NBCDs will be held at the FIP meeting 
in Bangkok, Thailand, in  September 2014.

Conclusion
A large and growing number of NBCDs, 
including IV iron sucrose preparations, 
are characterized by non-homologous 
structures, which cannot be fully charac-
terized by physiochemical testing. Rational 
approval of follow-on versions is prob-
lematic because, as with biologicals, even 
minor changes in  production methods can 
have major but unpredictable impact on 
their therapeutic profi le.

Currently, there is no harmonized and 
uniform approach in either the EU, 
the US or the Asia-Pacifi c region as to 
how follow-on NBCDs are regulated, 
used, or monitored after authorization 
(pharmacovigilance).

Published scientifi c studies and clinical 
case reports raise concerns about the 
adequacy of the methods currently used 
to approve, use, substitute or monitor 
follow-on iron sucrose products. Stud-
ies suggest that NBCDs require a sepa-
rate regulatory pathway using a similarity 
approach that is as, if not even more, strin-
gent than that being used for biosimilars.

There are gaps in the understanding of the 
properties of NBCDs on the part of regu-
lators, pharmacists, patients, and clinicians 
that should be addressed by development 
of guidelines and educational programmes.
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