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Non-Biological Complex Drugs

Clinical development, immunogenicity, and 
interchangeability of follow-on complex drugs
J Michael Nicholas, PhD

Although not derived from living sources, non-biological complex drug (NBCD) products have the immunogenicity and molecular 
complexity of biological drugs. NBCDs typically contain heterogenous mixtures of closely related nanoparticulate components that 
cannot be isolated, quantifi ed, or entirely characterized physicochemically. Development of follow-on versions of NBCDs poses many 
of the same scientifi c challenges associated with biosimilar drugs. Like biologicals, the manufacturing methods used by the innovator 
to produce NBCDs ensure their identity, and consistent quality and activity. Some variation in alternate-sourced products is inevitable. 
Because of their complexity and because biological activity is often not correlated with serum pharmacokinetics, follow-on NBCDs 
can be shown to be similar, but not identical, to the originator product. Even slight variations in a follow-on NBCD can increase the 
risk of unwanted immunogenicity, safety problems, and/or reduced therapeutic eff ects. Issues related to follow-on versions of lipo-
somal formulations, iron-carbohydrate complexes, and glatiramoids are described here to illustrate aspects of NBCDs that render the 
abbreviated pathway for approval of small-molecule drugs unsuitable for follow-on NBCDs. The US Food and Drug Administration has 
made ‘equivalence of complex drugs’ a Generic Drug User Fee Amendment priority initiative for fi scal year 2014. Experience suggests 
the same enhanced pre-approval scrutiny of biosimilar drugs should be applied to follow-on NBCDs. Preclinical and/or clinical data 
may be required to establish similar quality, immunogenicity, safety, and effi  cacy between a follow-on NBCD and a reference drug, 
and automatic switching or substitution of a follow-on NBCD for the originator should be contingent on demonstration of therapeutic 
equivalence. 

Introduction
The Biologics Price Competition and Innovation (BPCI) Act 
of 2009 was instituted to create an abbreviated pathway for 
approval of biosimilar drugs [1]. In 2014, the biosimilar pathway 
is still evolving; at this writing, the US Food and Drug Adminis-
tration (FDA) has issued three draft guidelines for manufacturers 
seeking approval of biosimilar drugs [2-4]. Regulatory authori-
ties agree that pre-approval evaluation of biosimilar drugs must 
be held to a higher standard than generic versions of small-
molecule drugs because of their complexity and immunoge-
nicity [5-7]. Non-biological complex drugs (NBCDs) have the 
molecular complexity of biological drugs, are immunogenic, and 
developing follow-on NBCDs poses many of the same scientifi c 
challenges associated with biosimilar drugs [8-10]. NBCDs typi-
cally contain heterogenous mixtures of closely related, macro-
molecular, nanoparticulate components that cannot be isolated, 
quantifi ed, and/or entirely characterized physicochemically 
using available analytical technology [11]. As is true for biologi-
cal drugs, consistent NBCD activity and quality typically rely on 
strictly controlled manufacturing procedures [12-14], such that 
even small differences in the manufacture of a follow-on NBCD 
from that of the originator product can increase the risk of safety 
problems or reduced therapeutic effi cacy [13, 15, 16].

Currently, follow-on NBCDs can be approved under the  generics 
pathway established for traditional small-molecule drugs via an 
abbreviated new drug application (ANDA [505(j) application]), 
or under section 505(b)(2) of the Federal Food, Drug, and Cos-
metic Act (FFDCA) [17]. Acknowledging that this pathway may 
not address the scientifi c challenges of ensuring the safety and 

effi cacy of follow-on NBCDs [11, 18], FDA has made ‘equiva-
lence of complex drugs’ a Generic Drug User Fee Amendment 
(GDUFA) Regulatory Science Priority Initiative for fi scal year 
2014 [19].

A key aspect of pending legislation for biosimilars and follow-
on NBCDs will be the development of science-based policies 
for interchangeability and drug substitution. The BPCI Act 
makes clear that biosimilarity does not imply interchangeability 
or substitutability [1]. Unlike generic copies of small-molecule 
drugs, biosimilars and follow-on NBCDs will not be identical 
to the innovator products. Because of their complexity and 
because the manufacturing method used to produce the inno-
vator drug is often proprietary, some variation in alternate-
sourced products is inevitable. Slight but clinically meaningful 
differences between originator and follow-on NBCDs may make 
interchangeability unfeasible. By law, to gain approval for inter-
changeability for biological drugs, the risk in terms of safety 
or diminished effi cacy of alternating or switching between the 
generic product and the reference product must be no greater 
than continuing to use the reference product [1].

Scientifi c issues related to therapeutic equivalence of NBCDs
The ANDA generic drug pathway for small-molecule drugs 
requires proof of therapeutic equivalence of the generic to the 
innovator product, i.e. pharmaceutical equivalence (identical 
active substances, dosage form, strength, route of administration, 
labelling, quality, performance characteristics, and intended use), 
and bioequivalence (comparable  pharmacokinetics in healthy 
humans) [17]. For some NBCDs, full proof of  pharmaceutical 
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equivalence is impossible, since two drugs cannot be shown 
to have identical active substances if the active substance has 
not been identifi ed and the mechanism of action of the refer-
ence drug remains unknown [8, 10, 13]. Gross characterization 
of drug composition showing similarities in certain vectors, e.g. 
molar ratio or molecular weight distribution of constituents, 
does not guarantee similarity of other product characteristics 
[13, 20]. Similarly, bioequivalence cannot be established for 
many NBCDs because their biological activity is not correlated 
to serum pharmacokinetics [10, 21, 22]. These drugs typically 
comprise nanoparticle-size substructures that release or form 
the active ingredient, which is then transported to the targeted 
tissue.

Additionally, follow-on NBCDs cannot be presumed to have the 
same immunogenic profi les as innovator complex drugs [23]. 
The ability to predict drug-induced immunogenicity of unchar-
acterized NBCDs is limited, because immunogenicity is subject 
to infl uence by many variables. Patient-related factors such as 
genetic background, immune status, and the disease under 
treatment will infl uence the immunogenic response to treatment 
[24]. Autoimmune diseases can augment the immune response 
to immunogenic drugs. Product- and manufacturing-related fac-
tors also infl uence immunogenicity [5, 25, 26]; minor but key 
changes to the synthesis or manufacture of follow-on protein- 
and peptide-based NBCDs can lead to formation of aggregates 
or other impurities that can enhance drug-related immunogenic-
ity and be immunogenic in their own right [26, 27].

Two products purported to be the same drug can produce anti-
bodies with varying specifi city such that one drug produces neu-
tralizing antibodies (NABs) and the other does not [14]. When 
switching between a follow-on drug and the reference product 
(or among follow-on products), pre-existing antibodies to one 
NBCD could neutralize the effi cacy of an analogous product. 
NABs that decrease drug effi cacy can develop months or years 
after beginning treatment [28, 29]. For example, clinically impor-
tant NABs associated with interferon-beta (IFNβ) therapy for MS 
generally develop after 12 to 18 months of treatment [30], and 
the clinical effects of decreased effi cacy may take years to detect, 
resulting in irreversible disability progression that might have 
been avoided by performing regular antibody assessments [31].

Liposomes, iron-carbohydrate complexes, and glatiramoids
The 2014 GDUFA initiative regarding equivalence of complex 
drugs specifi cally mentions generic versions of (among  others) 
liposomal drug formulations, e.g. Doxil (doxorubicin HCl 
liposome); iron-carbohydrate complexes, e.g. Venofer (iron 
sucrose); and products that contain complex peptide mixtures 
and peptides, e.g. Copaxone (glatiramer acetate) [19]. These 
NBCD classes exemplify challenges to the classic abbreviated 
pathway for generic drug approval and indicate a need for 
increased pre-approval assessment for follow-on NBCDs.

Liposomal drug formulations
Liposomal drug formulations act as carrier vehicles to deliver 
active agents to a specifi c body site. Nanoparticles of the bioac-
tive agent encapsulated in vesicles composed of a  phospholipid 
bilayer act as targeted antigen delivery systems to induce 
 therapeutic humoral and cell-mediated immune responses [22]. 

As vaccines, synthetic antigenic peptides in liposomal formu-
lation induce autoantibodies for prophylaxis of chronic con-
ditions, such as hypertension [32]. Liposomal formulations of 
anticancer drugs allow antibody- or ligand-mediated targeting 
specifi cally to tumour cells, to increase therapeutic effects while 
reducing toxicity [33].

The physicochemical properties of liposomal vaccines – method 
of antigen attachment, lipid composition, bilayer fl uidity, particle 
charge, and other properties – strongly infl uence the immune 
responses to them [22, 34], see Table 1. Thus, small  differences 
in particles or complex attributes in follow-on  versions of lipo-
somal drugs could alter the activity of the drug, its distribution 
profi le, and/or its persistence at tissue/cellular or  subcellular 
levels to a clinically meaningful extent [35]. Currently,  little 
is known about the cellular distribution of lipid-modifi ed 
peptides [22].

Consistent plasma concentrations of the active substance in two 
liposomal formulations does not guarantee similar effi cacy or 
safety of the two products, since nanoparticles of active drug 
may distribute differently in tissues and cells [13, 35]. To inves-
tigate whether a conventional bioequivalence approach could 
ensure therapeutic equivalence of liposomal products, the phar-
macokinetics, effi cacy, and toxicity of six formulation variants 
of the originator PEGylated liposomal doxorubicin product 
(Doxil/Caelyx, Janssen-Cilag Pty Ltd) were prepared differing 
in composition and liposome size and evaluated in preclinical 
models for antitumour activity and toxicity [36]. Although some 
formulations demonstrated similar plasma pharmacokinetics 
and systemic exposure of doxorubicin, they exhibited different 
antitumour activity and toxicity profi les. Investigators concluded 
that a conventional bioequivalence approach is not appropriate 
for establishing therapeutic equivalence of a generic product.

Non-Biological Complex Drugs

Table 1:  Interactions between liposomes and the immune 
system: mutual effects and consequences [37]

Effect Consequence

Immune system effects on liposomes

Binding Change of pharmacokinetics 
and pharmacodynamics

Uptake Interference with effi cacy of 
liposomal drugs

Destruction Leakage of drugs

Liposome effects on the immune system

Activation of infl ammatory 
cells

Infl ammation

Activation of allergy mediating 
cells

Pseudoallergy

Activation of T lymphocytes 
and/or B lymphocytes

Immunogenicity

Suppression of phagocytic 
cells

Immunosuppression

Reprinted with permission from Elsevier BV.
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Augmenting immunogenicity is key to the therapeutic activity of 
many liposomal preparations. However, some therapeutic lipo-
somes are recognized by the immune system as foreign, likely 
because the phospholipid vesicles of the liposome mimic the 
size and shape of pathogenic microbes [37], leading to a variety 
of adverse immune reactions. Hypersensitivity reactions to lipo-
somal drugs appear to be primarily mediated through comple-
ment activation triggered by an immune reaction to liposome 
surface charge or topography [37].

Detecting clinically meaningful differences in the therapeutic 
activity, toxicity, and immunogenicity of a follow-on liposomal 
drug may require nonclinical and clinical studies. A refl ection 
paper issued by the European Medicines Agency (EMA) on data 
requirements for follow-on versions of liposomal products indi-
cates clinical data for these products will be considered on a 
case-by-case basis [38]. Currently, EMA has not approved any 
follow-on versions of liposomal drugs.

Iron-carbohydrate drugs
Intravenous (IV) iron products are used to treat iron defi ciency 
anaemia in patients undergoing chronic haemodialysis and receiv-
ing supplemental EPO therapy and in people with iron-defi ciency 
anaemia associated with chronic blood loss or impaired iron 
 absorption. The chemical structures of parenteral iron agents have 
not been characterized in full detail. Venofer (iron sucrose, Vifor Inc) 
and Ferrlecit (iron gluconate, Sanofi ) comprise  nanoparticle-sized 
iron cores surrounded by a complex carbohydrate layer. Because 
the physicochemical and biological properties of iron-carbohy-
drate compounds depend on their 
manufacturing processes, subtle 
structural modifi cations during 
manufacture may affect drug sta-
bility; if weakly bound iron disso-
ciates prematurely it can catalyse 
the generation of reactive oxygen 
species leading to oxidative stress 
and infl ammation [39]. Moreover, 
any variation in mean/median 
size and size distribution of the 
iron-carbohydrate nanoparticles 
can result in a generic product 
with different physicochemical 
properties and different biophar-
maceutical profi le with respect to 
pharmacokinetics and biodistribu-
tion compared with the originator 
drug [21]. In fact, animal studies 
show differences between the 
originator iron sucrose product 
(Venofer) and iron sucrose simi-
lar (ISS) products with increased 
markers of infl ammation and 
increased serum iron and trans-
ferrin saturation levels in animals 
receiving the ISS [13, 40].

Despite these differences and the 
inability to completely charac-
terize these drugs, and with no 
nonclinical or clinical studies to 

establish their therapeutic equivalence to the innovator drug, ISS 
products gained marketing approval via the small-molecule drug 
generic pathway [41]. Subsequently, in controlled trials in anae-
mic patients undergoing haemodialysis, ISS use was associated 
with reduced effi cacy and the potential for increased safety risk 
related to iron overload [42, 43]. Clinically meaningful differences 
have been demonstrated when patients were switched to an ISS 
from Venofer. A switching study in which 75 stable haemodialy-
sis patients taking Venofer for at least six months switched to an 
ISS product for six months resulted in decreased haemoglobin 
levels and reduced iron indices despite higher doses of the ISS 
[42], see Figure 1.

Iron-carbohydrate products can cause life-threatening or fatal 
hypersensitivity reactions, especially in pregnant women [44, 45]. 
The immunologic basis of allergic hypersensitivity to iron agents 
remains unknown [44]. Substitution of Venofer with an ISS at the 
pharmacy level (without physician or patient knowledge) was 
associated with hypersensitivity reactions and hospitalization in 
subjects who previously tolerated the originator drug [41]. Safety 
concerns surrounding all IV iron products led to recommenda-
tions of stronger measures to manage and minimize the risk 
of hypersensitivity [45]. The recommendations state that every 
dose of IV iron administered should be monitored for potential 
hypersensitivity reactions, even if previous administrations were 
well tolerated.

Both FDA and EMA have indicated that follow-on versions of iron 
sucrose (FDA) and nanoparticulate iron medicinal products (EMA) 

Non-Biological Complex Drugs

Figure 1:  Switching study from the originator iron sucrose product (Venofer) to an iron sucrose 
similar (ISS) product for treatment of anaemia in patients with chronic kidney disease 
undergoing haemodialysis [42]

In Period 1, patients received Venofer for ~ 6 months, and then were switched in Period 2 to the ISS for ~ 6 months.

Reprinted with permission from Oxford University Press.
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are not suitable for approval through the classic generic approval 
pathway [21, 46]. Neither agency has indicated what clinical evalu-
ation will be required for approval of follow-on products.

Glatiramoids
The prototype glatiramoid, Copaxone, (Teva Pharmaceutical 
Industry) is a complex heterogenous mixture of synthetic pro-
teins and polypeptide nanoparticles with immunomodulatory 
activity approved for treatment of relapsing-remitting multiple 
sclerosis (RRMS) [10, 47-50]. The active ingredient in Copaxone, 
glatiramer acetate, comprises a potentially incalculable number 
of unidentifi ed active pep-
tide moieties that are 
not characterizable with 
available technology [10], 
although the amino acid 
sequences in Copaxone 
are not entirely random 
[8]). The mechanism of 
action of Copaxone is not 
fully elucidated but the 
drug is thought to act as an 
antigen-based therapeutic 
vaccine [51-53]. Pharma-
cokinetic data are unin-
formative for glatiramoids 
because the polypeptides 
in a glatiramoid mixture 
are hydrolysed at the drug 
injection site into uniden-
tifi able peptide fragments 
that stimulate prolifera-
tion of glatiramoid- specifi c 
immune cells, which migrate 
to the central nervous 
 system where they amelio-
rate auto-immune destruc-
tion of myelin [54, 55]. 
Therefore, blood  levels 
of the glatiramoid or its 
hydrolysis products are not 
indicative of drug activity.

Glatiramoids appears to act 
as altered peptide ligands 
(APL) of encephalitogenic 
epitopes within myelin 
basic protein (MBP), an 
autoantigen implicated 
in MS [56]. Decades of 
clinical use demonstrate 
that Copaxone does not 
contain encephalitogenic 
epitopes and does not 
induce auto-reactive anti-
bodies [48]. However, the 
same cannot be assumed 
for a follow-on glatiramer 
acetate product. In the last 
two decades, other APLs of 

MBP epitopes have been studied for use as therapeutic  vaccines 
in MS. Clinical development of at least two APLs of MBP anti-
genic peptides was halted due to adverse events indicative of 
auto-reactive antibodies (i.e. immediate-type hypersensitivity 
reactions [57]) or substantial expansion of pro-infl ammatory T 
cells that were cross-reactive with the MBP autoantigens [58].

Because Copaxone works as a therapeutic vaccine, anti-
drug antibodies are detectable in all treated patients [48, 49, 
52]. These antibodies, however, do not neutralize biological 
activity or clinical effi cacy and are not associated with local 

Figure 2:  Variations in biological activity between the reference drug (Copaxone) and purported follow-on 
glatiramer acetate, and among batches of the follow-on product [64]

GA-DP: Copaxone drug product; GA-RS: Copaxone reference standard; Natco and GA-N: a purported follow-on glatiramer acetate product (Glatimer).

Reprinted with permission from Ashley Publications Ltd.
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or systemic adverse effects in RRMS patients receiving chronic 
treatment [49]. Anti-Copaxone antibody titers and isotypes 
change over time with repeated drug administration [48, 49, 59]. 
Although anti-Copaxone antibodies are predominantly of the 
IgG subclasses over time [48, 49, 60, 61], there have been rare 
reports of anti-Copaxone IgE antibodies associated with ana-
phylactic reactions that can arise up to 10 months to a year 
after treatment initiation, with no symptomology beforehand to 
signal hypersensitivity [62, 63].

A purported follow-on product of glatiramer acetate is currently 
marketed in India and the Ukraine (Glatimer, Natco Pharma Ltd, 
Hyderabad, India). There are no published data of the safety, 
effi cacy, or immunogenicity of this product at this writing. In 
analytical tests, this product demonstrated physicochemical dif-
ferences from Copaxone and poor batch-to-batch reproducibil-
ity [8, 20, 64]. When activated ex vivo with Glatimer, splenocytes 
from GA-treated mice showed distinctly different gene transcrip-
tion profi les among different batches, and between Glatimer 
and Copaxone, see Figure 2 [64].

A comparability trial of a generic glatiramer acetate product (GTR, 
Synthon VB) and Copaxone is currently underway in RRMS 
patients [65]. The GATE trial (ClinicalTrials.gov NCT01489254) 
is a 24-month study comprising a 9-month, placebo-controlled, 
active-comparator phase followed by a 15-month open-label 
phase in which all participants remaining in the study receive 
GTR. Characterizing the immunogenicity of GTR is not an objec-
tive of the study because the protocol suggests that anti-GTR 
antibodies will be the same as anti-Copaxone antibodies; spe-
cifi cally, that because anti-Copaxone antibodies are not neutral-
izing, anti-GTR antibodies will not be neutralizing either [65]. This 
assumption requires verifi cation: GTR may be shown to be a 
close approximation to Copaxone at best and small differences in 
amino acid sequences or of protein folding in GTR could gener-
ate an antibody repertoire with different, isotopes, specifi cities, 
and affi nities from those of anti-Copaxone antibodies, with vari-
able consequences on patient safety and response to therapy [10, 
13, 66, 67]. Accordingly, experts in the fi eld of MS agree that the 
immunogenicity of follow-on versions of Copaxone cannot be 
assumed and should be established for each formulation [23].

According to the study protocol, the assessment of the immu-
nogenicity of GTR is to compare proportions of subjects who 

develop anti-drug antibodies after receiving GTR or Copaxone 
[65]. As antigen-based therapeutic vaccines, antibody devel-
opment to either drug would be expected in 100% of treated 
participants. Thus, it will not be possible to compare effi cacy 
outcomes in patients free from anti-GTR antibodies with out-
comes in GTR-antibody-positive patients to determine potential 
formation of NABs.

In the US, at least three manufacturers have fi led ANDAs for 
 follow-on glatiramer acetate products with FDA under the small-
molecule generic pathway [68-71]. The manufacturers maintain that 
these products will be interchangeable with Copaxone, despite the 
fact that the fi rst clinical exposure to these products in MS patients 
will occur post-approval. Given the complexity, unknown mecha-
nism of action, uncharacterized epitopes, and strong immunoge-
nicity of Copaxone; the variable nature of RRMS disease activity; 
and the inter- and intra-patient variability of antibody responses 
to immunogenic drugs; adequate testing of the immunogenicity 
of uncharacterized follow-on glatiramoid products in MS patients 
should precede approval and marketing of these products.

Considerations for approval of follow-on NBCDs
The generic approach should be limited to products that can be 
fully characterized and allow prediction of biological effects with 
pharmacokinetics data as surrogates for clinical effi cacy [11]. 
Because NBCDs have many of the same features as biologicals, 
it seems prudent to extend guidelines for biosimilar products 
to follow-on NBCDs [2, 5, 24, 72]. When it is not possible to 
prove bioequivalence of follow-on NBCDs, requiring non-clinical 
and clinical testing can ensure therapeutic equivalence between 
NBCDs and the reference drug. Comparability  evaluations for 
a  follow-on NBCD should include physicochemical properties, 
 impurities, biological activity, pharmacokinetics, effi cacy, and 
safety, see Table 2. The extent of testing needed to establish 
adequate similarity between an originator drug and a follow-on 
 product will likely depend on NBCD complexity, mode of action (if 
known), and the potential for toxicity. The risks of free substitution 
between an uncharacterized, immunogenic NBCD and a follow-on 
product will remain unknown without a clinical crossover study 
that provides direct evidence that repeated switching between the 
reference and the generic drug has no negative impact.

For immunogenic NBCDs, it may be necessary to ensure that 
the immunologic and immunogenic safety of the follow-on NBCD 

Table 2: Points to consider regarding regulation of NBCDs and their follow-on versions [78] 

Follow-on pathway Additional NBCD similar requirements

Reference  product 
specifi cations 
(pharmaceutical 
equivalence)

Clinical PK 
(bioequivalence)

Extended 
physiochemi-
cal character-
izationa

Biological in 
vitro quality/ 
similarity tests

In vivo toxicity 
(animal studies)

Extended clini-
cal PK/PD 
equivalence

Clinical studies 
(safety, effi cacy, 
therapeutic 
equivalence)

Liposomesb + + + ? ? + ?

Glatiramoids + − + + + − +
Iron sucrose + + + − + + +
NBCD: non-biological complex drug; PK: pharmacokinetics; PD: pharmacodynamics.

+‘required’; - ‘not-required’; ? case-by-case or differences between EMA and FDA regulations; aFull characterization/quality assessment through all available, relevant analytical in vitro techniques 

required; bThe liposome group is heterogenous. Therefore, attention is focused on follow-on versions of the doxorubicin family (Doxil/Caelyx).

Reprinted with permission from American Association of Pharmaceutical Scientists.
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is  comparable to that of the reference drug in clinical studies in 
patients with the disease under study. Considerable inter-indi-
vidual variability in antibody responses warrants assessment in 
a suffi cient number of patients to characterize variability in anti-
body responses. Additionally, evaluation of a follow-on NBCD 
should ensure that anti-drug antibodies do not neutralize drug 
effi cacy or bind to endogenous proteins; and characterize the 
immunologic effects of switching between a reference NBCD 
and a generic product.

In many countries generic approval of a follow-on product 
allows automatic substitution at the pharmacy level. While there 
is continued pressure worldwide to reduce drug costs, a major 
concern is whether patient safety and well-being are compro-
mised by automatic substitution or interchange with follow-on 
products [73]. Commonly, clinicians, caregivers and patients are 
not aware of the change in medication [11], often to the frustra-
tion of prescribing physicians [74-77]. At minimum, substitution 
of NBCDs without the involvement of a healthcare professional 
should be discouraged. Generally, patients should not be auto-
matically switched to a generic NBCD if they are doing well. 
If a switch is unavoidable, the safety and effi cacy of the new 
product should be monitored [78].

In some instances, substituting a lower priced generic for an 
innovator drug has resulted in higher healthcare utilization and 
overall costs [16, 17, 25] due to decreased effi cacy or adverse 
events. Overall, drug product replacement that is guided by 
acquisition cost only may increase other costs and not be cost-
effective from the patient’s and payer’s perspective [11].

Conclusion
Patients, physicians, and third-party payers expect generic prod-
ucts to be equally safe and comparably effective to the reference 
drug. For follow-on NBCDs, this will likely require more 
 thorough assessment than the current generic drug approval 
process. Ultimately, regulatory requirements for approval and 
interchangeability of follow-on NBCDs will probably require a 
‘case-by-case’ approach.

As FDA approaches the challenge of developing guidelines for 
follow-on NBCDs, it will be important to include a variety of 
constituents in the process. Members of the medical commu-
nity have expressed concerns about the safety and effi cacy of 
biosimilar drugs that indicate an increasing lack of trust of the 
drug regulatory process, primarily due to ‘an absence of the 
organized medical community in the public process of creating 
and updating the guidelines’ [74]. The same may hold true for 
follow-on NBCDs. Regulators must operate in different worlds 
to balance legal, scientifi c, and public health considerations as 
legislation for approval of follow-on NBCD products evolves. 
Scientifi c discussion and multidisciplinary research between 
experts from academia, industry, the medical community, and 
regulatory bodies; and consensus discussions with all stake-
holders on an international level will aid in development of 
meaningful regulatory guidelines to ensure the safety and effec-
tiveness of follow-on NBCD products.
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