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Discussion
Liposomal amphotericin B injectable (LAmB) 
is the reference drug for treatment of pre-
sumptive fungal infections in patients with 
febrile neutropenia, systemic fungal infec-
tions refractory to conventional amphotericin 
B, or visceral leishmaniasis (VL) [1-3]. Visceral 
leishmaniasis is a parasitic neglected disease 
which is fatal if left untreated. Although 
LAmB is included in the World Health 
Organization (WHO) Essential Medicines 
List [4, 5], it is diffi cult to access in many 
countries.

Global access to LAmB depends heavily 
upon the access policy determined by 
Gilead, the company that produces the 
innovator drug (AmBisome). There is only 
one single manufacturing site for the pro-
duction of AmBisome, a situation that poses 
both challenges (in terms of output capacity) 
and risks (in case this site had to stop pro-
duction) [6]. Gilead has been involved in 
multiple but still limited efforts to expand 
access to AmBisome for VL, including a 
preferential pricing policy (US$18/vial) and 
a donation of 450,000 vials over fi ve years. 
These initiatives are a far cry from meet-
ing the needs of the 200,000 to 400,000 
new VL patients every year. In the short 
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term, further reductions of the ‘access price’ 
should be negotiated with Gilead, while in 
the longer term both demand and supply of 
LAmB need to be expanded. Large public 
procurement schemes for LAmB as a VL 
treatment could also represent an attractive 
market to manufacturers, who currently 
target only niche markets for the treatment 
and prophylaxis of fungal infections in 
countries that, or patients who can afford 
to pay. Implementing these initiatives will 
require a concerted plan to expand the 
pool of quality-assured LAmB suppliers for 
VL, and the involvement of WHO, govern-
ments of endemic countries, and donors.

A survey carried out by Médecins Sans 
Frontières (MSF) in 2012 found a signifi -
cant number of generic LAmB formulations 
already marketed or under development in 
low and middle-income countries. Some of 
these manufacturers are aiming to register 
their product in stringently regulated 
markets such as Europe and the US. Indeed, 
lucrative markets for LAmB will be open to 
Gilead’s competitors within the next two 
to fi ve years. AmBisome remains protected 
by two patents (US5874104, US5965156) 
in the US until 2016 and by one patent 
(CA1339008) in Canada until 2014.

However, Gilead’s monopoly on the 
LAmB market is likely to continue beyond 
these dates because producers of generic 
liposomal formulations are confronted 
not only with manufacturing and patent 
hurdles [7] but also with a lack of clear, 
transparent regulatory guidance. Stringent 
regulatory authorities (SRAs) have been 
unable to provide manufacturers wishing 
to enter the market with guidance on how 
to evaluate generic LAmB formulations, 
and WHO has not set any internationally 
recognized standards for evaluating these 
medicines. Nor do national drug regula-
tory authorities (NDRAs) of countries with 
a high VL burden (Bangladesh, Brazil, 
Ethiopia, India, Nepal, North Sudan, South 
Sudan), in which a generic drug competitor 
for LAmB could have a substantial market 
for VL, have specifi c regulatory guid-
ance on liposomal product registration or 
bioequivalence assessment methods. This 
near-vacuum is a major obstacle to ensur-
ing that quality-assured alternatives to the 
single source of AmBisome are accessible, 
and it could potentially lead to the mar-
keting of products that may not present 
quality, effi cacy and safety profi les similar 
to the innovator product.

Over the last decade, US and European 
regulatory agencies began to address 
the subject of liposomes by publishing 
draft guidance containing non-binding 
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recommendations; the US Food and Drug 
Administration (FDA) published the fi rst 
draft ‘Guidance for industry on liposome 
drug products’ in August 2002 [8]. However, 
this document did not provide information 
on bioequivalence assessment methods, 
and to date it is still under revision. 
In February 2010, FDA published a product-
specifi c guidance to abbreviate new drug 
applications for pegylated liposomal doxo-
rubicin (PLD) injectable formulations [9]. 
Like the earlier guidelines, this product-
specifi c guidance is a draft containing ‘non-
binding recommendations’; nevertheless, it 
is the only attempt in stringently regulated 
markets to state clearly how to prove 
bioequivalence. Indeed, it defi nes detailed 
standards for the evaluation of generic 
PLD with the same product composi-
tion and equivalent liposome character-
istics, and manufactured using the same 
drug loading process, as the reference 
product. For demonstrating bioequivalence 
this guidance recommends using human 
pharmacokinetic (PK) studies and in vitro 
dissolutions studies.

The European Medicines Agency (EMA) 
published its fi rst draft refl ection paper in 
July 2011 [10], released as a fi nal version 
in February 2013 [11]. This document aims 
to assist applicants in generating relevant 
clinical and non-clinical data to support 
their application for marketing authorization 
of intravenous liposomal products devel-
oped with reference to an innovator prod-
uct. However, it does not defi ne a specifi c 
analytical, non-clinical or clinical strategy 
and provides only general principles for 
assessing liposomal products [12]. Using 
this approach, the extent and complexity 
of non-clinical and clinical studies would 
be defi ned on a case-by-case basis.

These current EMA and FDA regulatory 
frameworks do not adequately support the 
entry of generic liposomal drugs, as they 
remain vague and overly general (with 
the notable exception of FDA product-
specifi c guidelines on PLD). This situation 
could lead to a non-transparent case-
by-case approach. In a context already 
characterized by lack of clear standards 
within stringently regulated markets, there 
are striking examples of confl icts of interest 
whereby innovator companies sponsor 
studies aimed at demonstrating how to 
prove bioequivalence with reference to 
their liposomal formulation [13, 14].

Scientifi c experts are questioning how to 

evaluate generic liposomal formulations  
[15]. They generally agree that a conven-
tional bioequivalence approach is not 
completely appropriate for establishing 
therapeutic equivalence of liposomal drug 
products, but there is no global consensus 
on what the most appropriate approach 
would be.

According to Schellekens et al. [16], lipo-
somal drugs can be fully characterized, 
based on extensive collective experi-
ence accumulated within industry and 
academia over the last 30 years. The main 
factors determining safety and effi cacy are 
the rate and extent of drug release from 
the liposomal particles upon administra-
tion to the patient. Therefore, compara-
bility to the reference product should be 
approached at the level of equivalence of 
composition and physico chemical char-
acteristics of the generic drug product to 
the innovator one. If properly adapted, 
the classical generics approach could be 
applicable, with two alternative path-
ways depending on whether the generic 
drug product has been developed to 
mirror exactly the innovator product 
(sameness) or not (similar but not the 
same). A detailed pharmaceutical char-
acterization supplemented with clinical 
PK (total drug, liposome-associated drug, 
free drug) would be suffi cient if the 
sameness approach is followed. If the 
sameness approach cannot be followed, 
then preclinical animal experiments (PK, 
tissue distribution and effi cacy) are also 
needed.

The sameness approach has been adopted 
in FDA product-specifi c guidelines for PLD 
in February 2013, which led to the fi rst reg-
ulatory approval in a stringently regulated 
market of a generic liposomal formulation 
(Lipodox, Sun Pharma, India) [17]. The 
generics producer relied on clinical data 
generated for the originator product (Doxil/
Caelyx, Johnson & Johnson) to register its 
product under Section 505(j) of the federal 
Food, Drug and Cosmetic Act classically 
used for generic drugs [18]. FDA initially 
authorized Lipodox for temporary impor-
tation and distribution in February 2012, 
following a worldwide shortage of the inno-
vator version due to manufacturing prob-
lems in the single production site [19, 20].

It should be noted that Lipodox was fi led 
for registration with EMA, but was not 
approved due to ‘outstanding major non-
clinical and clinical objections’ [21], despite 
the fact that the EMA guidelines are 
unclear about standards and requirements, 
as discussed above. Nevertheless, since 
the shortage of Doxil/Caelyx began, Sun 
Pharma’s product has been imported and 
used in some European countries, includ-
ing Austria, Finland, Germany (Personal 
communication), Poland (Personal com-
munication), Slovenia [22] and Spain [23].

Lipodox’s approval could be considered a 
precedent for removing barriers to registra-
tion of generic liposomal formulations in 
stringently regulated markets and for fram-
ing the international guidance on liposomal 
formulations geared to developing coun-
tries. The classical bioequivalence approach 
could also be used for LAmB, with adap-
tation as for pegylated liposomal doxoru-
bicin. FDA appears to be in the process of 
developing product-specifi c guidance on 
LAmB (Personal communication).

Conclusion
Availability, accessibility and affordability of 
quality-assured LAmB depend on a series of 
factors. Uncertainty of the regulatory path-
way is one element that, when added to 
technical diffi culties in manufacturing and in 
demonstrating bioequivalence, contributes 
to blocking entry of generics competitors 
into stringently regulated markets [24]. On 
the other hand, it is important to ensure that 
generics versions marketed in poorly regu-
lated countries present quality, effi cacy and 
safety profi les, which ensure that patients 
benefi t from the effi cacy and low toxicity of 
LAmB, as opposed to conventional amphot-
ericin B and other lipidic formulations.
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Securing quality-assured alternative prod-
ucts to AmBisome and potentially expand-
ing the pool of LAmB suppliers will require 
some major steps. WHO should develop 
and provide guidance to countries for 
assessing the bioequivalence of liposomal 
formulations, including product-specifi c 
guidance on LAmB. Governments of endemic 
countries should commit to registering 
and using products that meet such WHO 
standards. And donors should support 
market-shaping interventions for securing 
at least one alternative source of LAmB for 
treatment of VL.

In addition to developing standards, 
WHO could also consider undertaking an 
assessment of generics alternatives using 
the model of the WHO pre-qualifi cation 
system, while NDRAs are adopting and 
implementing WHO standards on the eval-
uation of generic liposomal formulations.
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