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Abstract

Recent progress in past two decades in recombinant technology has created
the opportunity of production of some of the plasma proteins including co-
agulation factors using mammalian cell cultures. However, some limitations
including productivity, costs and immunogenic risks have limited worldwide
availability of these products. Therefore, fractionation of human plasma still
remains as the main source of producing wide range of the therapeutic pro-
teins.

Plasma contains several therapeutically important proteins. Currently more
than 25 of them are commercially available to treat life-threatening diseas-
es. However, unfortunately due to very high cost of treatment with plasma-
derived medicines, theses are not affordable for the patients living in devel-
oping countries. Local production, importation and /or contract fractionation
of locally produced plasma are among the available options for providing
plasma derived medicines.
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Introduction

Development of fractionation meth-
od in 1940s has been of the major
milestone in modern health services.
Plasma derived medicines are in-
valuable medicines in management
of numerous disease such as bleed-
ing, immunological and metabolic
disorders. These medicines have
greatly contributed to overall sur-
vival of patients. Plasma, the clear

protein-rich fluid which is left behind
when platelets, red blood cells, and
white blood cells are removed from
blood, contains therapeutically pre-
cious proteins. Plasma proteins con-
stitute around 7% of the blood vol-
ume. Although there are more than
300 different proteins in plasma cur-
rently only 25 have been recognized
for therapeutic purposes and are
commercially available and used for
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treating the life-threatening diseas-
es or injuries such as bleeding and
thrombotic disorders, immunologi-
cal diseases, infectious conditions
as well as tissue degenerating dis-
eases. The most important plasma
derived products are coagulation
factors, albumin, immunoglobulins,
sealants and protease inhibitors.
Plasma protein therapies are still very
expensive and considerably inacces-
sible tothe patients living in countries
with limited resources available to
their health sector. Therefore, today
economic status of the nations and
not needs of the patients, influence
the distribution and usage of these
therapeutic products. Although there
are some biotechnology-derived co-
agulation factors available in the
market, financial constraints have
impeded the access to these prod-
ucts in developing countries.
Coagulating factors including factor
VIII (FVII), factor IX (FIX), von Wille-
brand’s factor, fibrinogen, fibrin seal-
ants (comprising of fibrinogen-rich
and purified thrombin concentrates),
prothrombin complex concentrate
(PCC; mixture of vitamin K dependent
coagulation factors including fac-
tors IX, Il, X, protein C, protein S and
sometimes FVII), factor Xlll, factor
Xl concentrate and specific concen-
trates rich in factor VIl with reduced
amount of other vitamin K depen-
dent clotting factors are among the

most used plasma derived medicines
(PDM) around the world [1].

The global market for PDM is a dy-
namic market growing about 10%
each year.

However, it should be noted that
North America and Europe with less
than 20% of world’s population con-
sume more than 75% of the total
PDM [2]. Introduction of recombi-
nant coagulation factors in recent
decades has created a substantial
shift toward use of these products
in wealthy nations. It is obvious that
successful treatment of patients in
need of PDM requires strong support
of governments, insurance compa-
nies and patient advocacy groups.
Although per capita usage of FVIII
worldwide is increasing, the trend is
more pronounced in emerging econ-
omies. This might indicate improving
care for hemophilia patients living
in these countries. Between 2002-
2007 there was a 35% increase in
the number of identified patients
and a 63% increase in factor use
from 0.80 IU per capita in 2002 to
1.32 IU per capita in 2007. Despite
this, it is reported that about 70%
of patients with bleeding disorders
have not been diagnosed worldwide
and only 25% of diagnosed patients
receive proper treatment [3].

The past two decades have seen
dramatic changes within the global
plasma industry. Mergers and acqui-
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sitions, the development of recombi-
nant alternatives for existing plasma
products, and increasing levels of
regulation with respect to product
safety are among the most important
developments of the field. Arrange-
ments for the collection of plasma,
and for its subsequent fractionation,
reflect domestic demand together
with various economic, demographic
and historical factors of countries.
Although, it is reported that over
23-28 million liters of plasma are
fractionated each year in the world
and about 35% of these amounts of
plasma are collected from recovered
plasma, it is estimated that at least
5.8 million liters of recovered plasma
are destroyed, mainly in developing
countries [4]. Global production of
plasma for fractionation in 2007 in-
creased by 20% compared to 2005
[5]. However compared to recovered
plasma, the role of source plasma in
this increase is more pronounced.
Although in recent years mainly due
to mergers among fractionators,
the number of fractionators has de-
creased while the capacity to pro-
cess plasma has increased to about
37 million liters per year [3].

In contrary to the conventional phar-
maceuticals, production cost of PDM
is much higher and estimated to be
about 65% of the product price. This
is mainly due to the high cost of the
raw material. Price of plasma as the
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main starting material for production
of PDM is a major contributor to the
final price of PDM. Therefore any at-
tempt to improve quality and safety of
the plasma produced in developing
countries to be used for fractionation
would be considered a substantial
step toward improving availability of
the PDM in these countries. Produc-
tion of sufficient quantity of qualified
plasma for fractionation is the key el-
ement in availability of PDM. There-
fore, the main goal should be to use
all recovered plasma available in the
country, which is very cost effective
and can contribute to improve the
overall quality of health care servic-
es.

It is believed that the new market
driverinrich countriesis recombinant
factors that will diminish economicin-
terest of commercial fractionators to
manufacture PD coagulation factors
which remain mainstream therapy
for patients in developing countries.
Therefore these patients might face
a decreased supply of factor concen-
trates and ultimately an increase in
price of these products. It is believed
that the assumption that decreased
use of plasma derived FVIII or FIX in
developed countries would increase
the supply of products to developing
countries may not be economically
viable [1]. In fact in this scenario as
fractionators will determine price of
plasma based on fewer products,
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other PDM e.g. IVIG will experience
higher prices and hence develop-
ing countries will possibly face lower
availability of PDM.

Current situation

It is clear that the economic status
of nations directly influences qual-
ity of the care of patients in need of
PDM including those with blood dis-
orders. According to WFH in 2007
more than 5.2 billion IU of FVIII and
about 475 Million IU FIX have been
used worldwide. However there is a
considerable diversity in amounts of
coagulating factors used in different
countries. Per capita consumption
of FVIII is directly influenced by the
wealth of the nation. Although usage
of 1 IU per capita coagulation factor
could provide survival for hemophilia
patients it is estimated that to live
a normal life, these patients might
require much higher factor usage,
up to 5-7 IU per capita [5]. In 2007
global per capita FVIII usage in coun-
tries with per capita GDP more than
10,000 USD was 3.47 IU which is 11
times more compared to countries
with per capita GDP between 2000-
10,000 USD and at least 173 times
more than in countries with per capi-
ta GDP below 2000 USD [6]. Howev-
er there is a substantial increase in
usage of FVIII both in developed and
emerging economies. For example
only in Russia since 2004 the total

consumption of FVIII increased from
32 million IU to more than 463 mil-
lion IU in 2008. Due to increased us-
age of recombinant FVIII (rFVIII), es-
pecially in developed economics, the
share of rFVIIl in the global market
is increasing. Usage of rFVIIl in the
world shows a 163% increase while
the increase for plasma-derived FVIII
inonly 15% [3].

Although until the mid 1990s plasma
derived FVIII was the driving product
for plasma fractionators, the demand
for recombinant coagulation factors
VIII and IX especially in developed
economies and increasing global de-
mand for IVIG has now placed this
product as the most important plas-
ma-derived medicines. In 2007 about
82 tons of polyvalent IVIG was con-
sumed worldwide [2]. Providing that
prescription of IVIG remains limited
to its current medical indications, it
has been forecasted that IVIG usage
would increase to about 120 tons in
year 2012. However, there are some
new indications for prescription of
IVIG which obviously would dramati-
cally increase the demand for this
PDM in the coming years at least in
developed economies.

Due to limited resources available
for health care services in develop-
ing countries, patients in need of
PDM should compete with much
greater public health priorities such
as primary health care, communica-
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ble and non communicable disease
and child care. Most governments
in these countries spend less than
2% of their GDP on health care ser-
vices. Spending on disease such as
hemophilia or other “rare” disease in
these countries is unlikely to become
first priority. Therefore, patients with
“rare” disease living in these coun-
tries might be totally ignored by their
government. Due to high cost of PDM
most patients, especially those who
need chronic use of these medicines,
would not be able to finance their
needs. Therefore several countries
both in developed and developing
economies with established success-
ful hemophilia care programs have
implemented some sort of financial
commitment from the government.

Available Options

Currently there are four options avail-
able responding to the needs of na-
tional health care systems for the
PDM. These options will briefly be
discussed here.

Local production of PDMs.

Local production of plasma either
through blood banks (recovered plas-
ma) and/or plasmapheresis (source
plasma) creates the opportunity for
local production of PDM. Although
this seems lucrative, there are seri-
ous considerations surrounding this
approach. In past decades several
countries both in developed and de-
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veloping economies, in an attempt to
reach self sufficiency in PDM, have
established local facilities for plas-
ma fractionation. These facilities are
mostly funded by governments. How-
ever, later due to concerns regarding
cost-effectiveness of such facilities
and more importantly, safety of prod-
ucts prepared, these facilities dis-
continued their activities. Later, de-
velopments in the field of transfusion
have emphasized that the presence
of an accountable national transfu-
sion service is an essential compo-
nent of any plasma collection and
fractionation activities either as local
production or contract fractionation
activity. Therefore, self-sufficiency in
plasma production depends heavily
on the presence of an accountable
blood transfusion service.

Local production of PDM could cre-
ate the highest level of security for
availability of PDM. However, this
approach needs both a substantial
investment and access to the know
how for preparation of these medi-
cines. Therefore only few countries,
mostly developed countries, have
pursued this option. Recently some
countries in developing world have
also implemented long term poli-
cies in plasma handling which may
conclude in establishing a national
facility for plasma fractionation. It is
obvious that a viable local plasma
fractionation facility could not only
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create the greatest degree of secu-
rity for availability of PDM for the na-
tional market but may also be taken
as a sign of national pride in these
countries.

Although lower cost of production of
locally manufactured PDM is one ma-
jor reason for promoting this option,
it should be noted that mass produc-
tion of some PDM especially factor
concentrate by multi national frac-
tionators has substantially reduced
price of commercially available fac-
tor concentrates. This may reduce
economic feasibility of establishing
local fractionation facility.

Importation of PDM

Decision makers of national heath
care system should decide whether
to use the available resources for
importation of PDM or investing on
developing infrastructure for local
production of such medicines. Impor-
tation of PDM and especially plasma
derived coagulating factors which are
now available commercially at about
0.15-0.25 USD per IU could provide
prompt access to these medicines.
However, even with minimum factor
use, treating one hemophilia patient
will cost at least several thousands
USD per year. Much higher costs
attributed to treatment of patients
in need of IVIG with current price
of about 40-60 USD per gram, will

impose significantly higher burden
on both patient and national health
care system.

Although importation of PDM, when-
ever resources are available, might
look the easiest approach for avail-
ability of these medicines it could
also create some serious problems.
Worldwide shortage of these medi-
cines and limited resources avail-
able in countries’ health care system
makes this approach far from ideal.
In case of global shortage most of
the national authorities give prior-
ity to their own market and will put
some restrictions on exportation of
the medicine. Therefore, importing
countries have to struggle to sustain
availability of such products for their
patients. On the other hand brand
switching of imported PDM could
also result in undesirable effects on
patients and clinicians.

Contract Fractionation

Another successful approach adopt-
ed by many countries both in devel-
oped and developing economies for
provision of PDM is contract fraction-
ation of plasma produced in their na-
tional transfusion services. Plasma
contract fractionation is a program
in which local plasma is sent to the
fractionator and end products are re-
turned to the country of the plasma
supplier.

126 IRANIAN JOURNAL OF BLOOD AND CANCER


http://ijbc.ir/article-1-206-en.html

Although plasma recovered from
blood donations could be a main
source for production of PDM, not
meeting the standards imposed by
the regulators is a major cause for
discarding recovered plasma pro-
duced in transfusion services. There-
fore any investment on national blood
service quality assurance system for
improving standards of the plasma
recovered in blood centers could be
considered as a significant mean to
improve national availability of PDM.
Before implementation of a plasma
fractionation program some opera-
tional changes in the national trans-
fusion systems are necessary. Epide-
miological surveillance of the donor
selection, implementation of an in-
formation system, donor screening
and traceability, blood/plasma col-
lection procedures, screening tests
and plasma freezing and storage
and preparing plasma mater file are
among the most important aspects
of a national program intending to
meet the international standards.
Obviously such operational improve-
ments will have positive impacts on
the quality and safety of blood com-
ponents [7-8].

Before starting any contract frac-
tionation activity the economic bal-
ance of the whole program and its
cost-effectiveness should be care-
fully evaluated. In order to do so, the
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main elements of cost contributing
to such program should be taken
into account. Some of the main ele-
ments include cost of plasma collec-
tion including donor recruitment, se-
rology and NAT testing of donations,
costs attributed to plasma storage,
fractionation charge per unit of prod-
uct made, shipment of the products
back to the country of origin, plas-
ma product registration, marketing/
sales expenses and administration
and overhead charges.

Following are the main advantages
of a contract fractionation program:
- improving national blood and/or
plasma collection system through
enforcement of standards required
for plasma production to be suitable
for fractionation

- the source of the plasma and its
level of quality is known

- surplus of the recovered plasma
produced in national transfusion sys-
tem will not be wasted

- provides a fairly rapid access to the
PDM

- provides a relatively secure ap-
proach for access to PDM even dur-
ing global shortage of PDM

- does not need capital investment

- flexibility for selection of the frac-
tionator

However before putting plasma con-
tract fractionation on the table of a
national health system it should be
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kept in mind that a reliable and well
organized national transfusion, pref-
erably centralized, system should be
in place and a real cost estimation
should be considered. While negoti-
ating with the fractionators to final-
ize the agreement a range of topics
including source of plasma supply,
plasmavolume, durationofthe agree-
ment, product profile and character-
istics should be considered. Yield,
particularly for IVIG is an important
parameter and should be given close
consideration while negotiating con-
tract fractionation agreement.

A plan for picking up and transfer-
ring of plasma produced in collection
points across the country to the cen-
tral warehouse should be arranged.
A reliable cold chain for transfer-
ring plasma from collection centers
throughout the country and its ship-
ment to the fractionator site is man-
datory for any contract fractionation
plan.

From both economic and logistic as-
pects, most likely transfer of large
volume of the plasma for contract
fractionation by airfreight to the frac-
tionator site is not feasible. Therefore
land and/or sea shipment are the
most practical options. However, the
fact that it may take several weeks
to ship plasma consignments to the
fractionator site, advanced planning
is necessary in order to avoid any de-
lay for receiving back produced PDM.

However, the return of produced PDM
from fractionator site by airfreight
should always be considered as the
first option. This will significantly re-
duce the turnaround period between
plasma shipment and availability of
PDM produced from national plas-
ma.

Contract fractionation could also
create some difficulties. Any tech-
nical problems in the fractionator
site might seriously impair national
availability of PDM, if a contingency
option is not in place. The activity
may also create hostility from PDM
importers and they may cause resis-
tance toward prescription and use of
produced medicines through com-
plaints of some physicians and pa-
tient groups.

Any contract fractionation activity
should be evaluated periodically and
its impact on affordability of PDM in
national market assessed. Although
several countries, both in developed
and developing economies, are us-
ing the plasma contract fraction-
ation approach to meet their nation-
al needs for the PDM, only few have
reported its economical impacts on
their health care system [7, 9-10].

Combined approach

Availability of the PDM in the nation-
al market should be influenced by
the clinical needs of the patient and
not by the capacity of the contract
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or local fractionation project. There-
fore many countries have adopted a
combined approach to supply their
national market with PDM. There are
very few countries worldwide which
are self sufficient in plasma produc-
tion and PDM. Therefore, combined
approach including importation, lo-
cal production and/or contract frac-
tionation would be the most practical
way for accessibility to PDM.
Although PDM market is currently
dominated by multi-national fraction-
ators based in developed economies
there are still a few countries in the
developing world which still have a
national plasma fractionation plant.
However, these countries are still not
self sufficient and they either have to
import some PDM or do not fully re-
spond to the patient needs to PDM.
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