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CURRENT FDA INITIATIVES AND PRIORITIES

Food and Drug Administration Initiatives and Priorities presented by Jay Epstein, MD, director, Office of
Blood Research and Review, Center for Biologics Evaluation and Research, and Leslie Kux, deputy
director, Office of Compliance and Biologics Quality, included information on the FDA Transparency
Initiative initiated in January 2009, guidance documents issued in 2009 and those that OBRR is giving high
priority to in 2010, blood supply monitoring during the H1N1 influenza pandemic, current concerns and
initiatives in addressing emerging infectious agents, an update on the OBRR Quality Program, and an
introduction to new staff working in OBRR and the Division of Blood Applications. In addition, Kux provided
information on FDA’s agencywide initiatives related to compliance and enforcement. Of particular interest is
the requirement that an establishment respond to a 483 within 15 days if the response is to be evaluated
prior to any additional action by the agency.

CURRENT AABB INITIATIVES AND PRIORITIES

Jacquelyn Fredrick, president of AABB, introduced the discussion of AABB Initiatives and Priorities and
reviewed the association’s Statement of Intent in support of the strategic plan that is focused on patient and
donor safety through the practice of transfusion medicine and cellular therapies. Five critical focus areas for
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achieving the goal of improved patient and donor health include member engagement, excellence in
medicine, knowledge translation, regulatory advocacy, and standards and accreditation.

SPECIFIC TOPICS OF DISCUSSION WITH FDA

Interpretation of Recommendations Contained in Guidance Documents
Guidance documents are published with a statement that the contents are nonbinding and that alternative
approaches can be used if they satisfy the regulations and statutes.Generally, the alternative approaches
require validation to show they are equally effective. Blood establishments have had different experiences
at the time of inspection when they have implemented a validated alternative approach, and some
examples were discussed. FDA was asked to clarify its policy on review and acceptance of validated data
to support implementation of an alternate approach to nonbinding recommendations contained in a
guidance document.

In general, properly validated alternatives that meet the published recommendations should be acceptable.
However, the alternatives should not be a deviation from manufacturer’s instructions, and in the case of
equipment, it is important to ensure the equipment is working properly. A discussion with the consumer
safety officer, or CSO, before implementing the alternative procedure may be helpful, and Richard Davey,
MD (301-827-2763), and Leslie Holness, MD (301-827-6115), made their phone numbers available to
establishments that would like to call them.

Statistical Sampling Plans for Product Quality Control
The Code of Federal Regulations written specifically for blood components (21 CFR 600 series) requires
that modest numbers of blood components be tested on a monthly basis to satisfy quality control, or QC,
requirements. However, current good manufacturing practices, or cGMP, that have broad applications for
blood components (21 CFR 200 series) require the use of statistically significant sampling plans. In recent
years, the blood community and FDA have discussed several approaches. When the December 2007
guidance for collection of Apheresis Platelets was published, a binomial sampling plan was recommended.
(Prior to that, the potential use of scan statistics had been introduced but at that time was untested in the
blood center environment and was essentially abandoned.) Many blood establishments continue to struggle
with issues related to correct use of a statistically significant sampling plan, particularly when the institution
does not collect enough platelets to use the binomial sampling plan.

Several sampling plans were reviewed, including hypergeometric distribution statistics, which are more
adaptable to facilities that collect and process smaller numbers of units. The hypergeometric plan supports
sample sizes of n<60 for QC purposes. However, it is not applicable to undefined population sizes and
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therefore is not valid for process validation. (Tables based upon hypergeometric distribution have been
prepared by the Office of Biostatistics and Epidemiology, CBER, and are expected to be made publicly
available in the future.) Clusters of failures at the endpoints of the sample size may be masked when using
binomial or hypergeometric approaches, but such clusters could be identified through use of scan statistics.
Scan statistics is conceptually and computationally complex but software now exists to manage the use of
this method. References for the various statistical approaches were provided on the final slide. When asked
how an establishment would get FDA acceptance of a statistical process that has not been recommended
by FDA, the committee was reminded that any sound and ―known‖ process should be acceptable. Novel
approaches might also be acceptable and a pre-implementation conversation with the CSO could answer
all questions.

Pathogen Inactivation
The Blood Products Advisory Committee recently advised the FDA to place certain boundaries around a
phase III clinical trial for pathogen inactivation of human platelets, effectively requiring a three-fold increase
in the size of the trial and perhaps rendering it financially infeasible. The committee believes it is important
that the inactivation processes not only be effective against disease agents but that they also result in a
safe product for patient transfusion. However, there is concern following discussions at the November 2009
BPAC meeting that approval of any pathogen inactivation process or product is moving further into the
future. FDA was asked about current considerations of this issue, particularly in the context of the July 2008
request from the assistant secretary for health to further the progress of pathogen reduction in the U.S.

FDA participants responded that patient safety and efficacy of the transfused product remain of paramount
concern for them, and they remain very interested in the prospects for pathogen inactivation processes
coming to the U.S. market. Agency representatives continue to engage the trial sponsor in conversations
about possible trial designs. The Laboratory of Cellular Hematology in the Division of Hematology
is conducting research on the action of UV light on platelets and red cells. Committee members reiterated
concerns that pathogen inactivation appeared unlikely to be a potential tool for use with emerging infectious
disease agents in the U.S. in the event that infectious disease tests become increasingly difficult to obtain
or become unavailable.

Infectious Disease Testing
The lack of availability of tests is not restricted to those that are thought to be useful only in selective testing
situations (dengue, Babesia). Universal testing volumes — such as for human T-cell lymphotropic virus I
and II — alone also do not create a market incentive, and the confirmatory test market will always be small.
The committee’s discussions with FDA included:
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How to obtain testing (low level or universal) against a lack of market incentive — transfusion
medicine infectious disease tests are a very low percentage of the in vitro diagnostic market.
HTLV-I/II testing is required by regulations, and there is concern that in 2010, the one licensed test
distributed in the U.S. may at some point in time not be universally available because of lot issues
relating to manufacturing.
Re-entry of some donors, especially those deferred in high numbers for markers that have low
prevalence in the U.S. population, is very desirable, yet there are no licensed tests available. Are
there other options for re-entry?
FDA participants stated they share the same concerns and said they have interacted with several AABB
task forces and manufacturers in an effort to support products coming to market.
Committee members and FDA agreed there are shared responsibilities and opportunities to resolve some
of the issues. The problems have been described multiple times, and the time appears ripe for a roundtable
summit.

Disasters and Pandemic Preparedness
The transfusion medicine community acting through the Interorganizational Task Force on Domestic
Disasters and Acts of Terrorism and other working groups has met repeatedly over the past few years and
engaged with government liaisons and participants in an effort to establish robust preparedness plans for
unplanned events. The goal of such planning is to ensure an adequate and safe supply of blood (and
tissues) for the patient community in the event of a disaster or pandemic. A final unresolved issue for blood
establishments is that of pre-determining which processes and procedures may be necessary to vary from
during the manufacturing process. One area of focus is relaxation of certain donor requirements in order to
ameliorate catastrophic shortages. Preparation of a robust preparedness plan is hampered by a facility’s
inability to write the necessary standard operating procedures and train staff under acceptable cGMP
conditions during an emergency.

The agenda submitted in advance to FDA asked for a discussion of options available to blood
establishments including, but not limited to, alternative procedures/variances, as well as areas where
enforcement discretion might be more appropriate in the event of an unexpected, sudden expansion of a
pandemic. Clarification of existing regulations with regard to emergency situations would be helpful. The
goal is to find concrete steps that would enable establishments to have a fully robust preparedness plan
that could be initiated rapidly in the event of need.
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FDA participants acknowledged their understanding of the need to preplan and have attempted to provide
some additional guidance in the form of the draft guidance issued in November 2009: ―Recommendations
for the Assessment of Blood Donor Suitability, Blood Product Safety, and Preservation of the Blood Supply
in Response to Pandemic (H1N1) 2009 Virus.‖

Blood Pressure and Pulse Measurements in the Allogeneic Blood Donor Population
At the November BPAC meeting the committee considered evidence of currently available data for blood
pressure and pulse measurements as predictors of risk for adverse reactions to blood donation and
whether data support specific ranges for these measurements as predictors of adverse reactions. BPAC
advised that while blood pressure measurements are not predictors of adverse reactions, pulse appears to
have relevance. Committee discussion further suggested that measurement of blood pressure and pulse
may be of value even if FDA does not retain them as donor eligibility determinations.

Following the BPAC discussion, FDA participants were asked about their current considerations for the use
of blood pressure and pulse measurements in the allogeneic blood donor setting. Several items were noted:


BPAC’s concern with the paucity of data on donors with blood pressures >180.



Knowledge gaps creating an opportunity for surveillance.



Establishing limits in regulations may not be ideal.



Having no requirements may not be ideal.

Abbreviated Donor History Questionnaire
BPAC advised that the use of the abbreviated donor history questionnaire (DHQ) is desirable and
suggested that a post-implementation study/data collection would be appropriate. The AABB Donor History
Task Force developed a study (with the advice of FDA liaisons to the task force) and submitted it to FDA in
April 2008. The task force has been told on several occasions that the plan submitted satisfactorily
addressed all outstanding issues.

FDA was asked to explain the pathway for advancing the abbreviated donor history questionnaire and
responded that the necessary guidance document is in an editing stage. The post-implementation plan will
likely be referenced in the guidance. This draft guidance is on OBRR’s priority list for 2010, but the time
frame is not definitely known.

Plasma Obtained From Whole Blood Donors for Further Manufacturing Use
A regulatory framework for plasma obtained by apheresis that could be used for further manufacture was
proposed for BPAC’s discussion last April.
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FDA was asked for an update on current considerations for these blood components and responded that
staff within OBRR continue to look at the issues raised by the BPAC discussion and remain in contact with
the AABB task force. There was nothing definite to report.

Requirements for Human Blood and Blood Components Intended for Transfusion or for Further
Manufacturing Use, Proposed Rule, November 2007
The committee was interested to hear an update on progress regarding reconciling comments received to
the proposed rule and to know if it is likely to be reissued as a proposal or to be published as a final rule.

FDA continues to look at the many proposals put forth in the document and has engaged BPAC in
discussions on some of the subjects (i.e., hemoglobin and blood pressure/pulse). It took more than 10
years to draft the document, and it likely will not be reissued as a draft. However, it is also likely that all
proposals may not be issued as final at the same time.

Publication of Documents
The FDA Liaison Committee remains concerned with the significant delay in publishing documents that are
of critical importance to blood establishments. Updates to several documents provided by discussions at
the meeting are included in the list below. FDA participants stated that although they have assigned the
documents priority for 2010, they are not in control of the overall process and timelines involved.

o Guidance document that would recognize the abbreviated DHQ – A draft is on the 2010 priority list
for OBRR.
o Guidance document that would recognize v1.3 of the DHQ – A guidance with final
recommendations is on the 2010 priority list for OBRR. The AABB Donor History Task Force has
decided to proceed with posting v1.3 on the AABB Web site along with instructions for submitting
the materials to FDA as a Prior Approval Supplement to the establishment’s Biologics License
Application before implementation.
o Nucleic Acid Testing (NAT) for Human Immunodeficiency Virus Type 1 (HIV-1) and Hepatitis C
Virus (HCV): Testing, Product Disposition, and Donor Deferral and Reentry (draft guidance, July
2005) – A guidance with final recommendations is on the 2010 priority list for OBRR.
o Pre-Storage Leukocyte Reduction of Whole Blood and Blood Components Intended for Transfusion
(draft guidance, January 2001) – Reissuance as a draft guidance is a priority for OBRR in 2010.
o Revisions to Labeling and Storage Requirements for Blood and Blood Components, Including
Source Plasma (proposed rule, July 2003) – No update was provided.
o Safety Reporting Requirements for Human Drug and Biological Products (proposed rule, March
2003) – No update was provided.
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LE08 PATHOGEN INACTIVATED PLATELETS AND PREVENTION OF IMMUNOLOGICAL ADVERSE
REACTIONS: THE ITALIAN PLATELET TECHNOLOGY ASSESSMENT STUDY (IPTAS)
Rebulla P.; Grazzini G.; Liumbruno G.M.; Aprili G.; Formisano S.; Girelli G.; Marconi M.; Salvaneschi L.; Strada P.; Zolla L.
The Italian Pathogen reduction Technology Assessment Study (IPTAS) Research Group; Italian National Blood Centre, National
Institute of Health, Rome, Italy
Introduction
Although extremely safe, platelet (PLT) transfusion still carries measurable risks of pathogen transmission, allo-immunization to
human leucocyte antigens (HLA) carried by viable white blood cells (WBCs) present in platelet concentrates (PCs) -in turn causing
refractoriness to random donors in 10-15% of recipients- and transfusion associated graft vs host disease (TA-GvHD). Traditional
approaches to prevent these untoward effects include improved donor screening procedures, bacterial detection assays, WBC
removal by filtration and γ-irradiation. Recently, two commercial photo-chemical technologies "Intercept Blood System", by Cerus
and "Mirasol Pathogen Reduction Technology", by Caridian, previously named Navigant Biotechnologies/Gambro, have been
developed which not only inactivate pathogens but also prevent WBC replication, thus offering the potential additional benefit of
reducing immunological side effects. These pathogen inactivation (PI) systems use UV-A light to irradiate PLTs in the presence of a
photo sensitizer (amotosalen, S-59, in Intercept Blood System; or riboflavin - Vitamin B2, in Mirasol Pathogen Reduction Technology).
Clinical studies1-7 show safety of both procedures and non inferiority of PI treated PLTs vs standard PLTs in regard to bleeding
prevention8. Data from published preclinical studies show that transfusion of pathogen inactivated PLTs can prevent presensitization
to transplants9. Moreover, using PI in place of γ-irradiation to prevent TA-GvHD was authorised by some organizations and
regulatory bodies including the Paul Ehrlich Institut.
In view of broad clinical use of expensive PI procedures in transfusion medicine, technology assessment (TA) studies including cost
to benefit evaluations can provide suitable information for evidence based decisions in health care10.
Blood components are highly complex mixtures of plasma proteins and cells. During the production, inactivation, and storage of PCs
there is the risk of changes in their integrity, especially at the protein level. It is therefore a major challenge to identify significant
alterations of these products. At present, blood component quality control is mainly focused on standardized quantitative assessments
providing relatively limited information about products. Proteomics allows a comprehensive study of protein modifications,
qualitative and quantitative analysis, and high-throughput protein identification, thus potentially enabling a global assessment of
processing, inactivation and storage methods, as well as of possible contaminants and neoantigens that may influence the
immunogenic capacity of blood-derived therapeutics11-14.
The Italian Platelet Technology Assessment Study (IPTAS)
IPTAS will provide new information on the safety and efficacy of PCs prepared with standardized procedures using WBC
inactivation in place of filtration to reduce anti-HLA allo-immunization and acute transfusion reactions. Incidence of both side effects
and the cost impact of PI technology (net balance between added and avoided costs) will be compared for buffy coat (BC) PLTs and
for leuco-reduced apheresis (AP) PLTs, which represent the prevalent types of PCs used in Italy. Data from this study will support
the analysis on whether PI can be used to replace WBC filtration, γ-irradiation and donor CMV serology.
Proteome analysis will provide additional in vitro data on the possible mechanisms of inactivation of residual WBCs in pathogeninactivated PCs and new insights on the impact of PI processes on the global proteome profile of PCs, including functional studies on
PLT mitochondria and the potential to identify markers of PLT lesion and activation, both in treated and untreated PLTs. Therefore,
proteomics will offer new approaches for PC quality control.
IPTAS objectives
The primary objective of the clinical arm of this study is to determine: 1) if pooled whole blood (WB) PLT components prepared by
the BC method without leuco-filtration and with photochemical PI treatment and 2) if AP PLT components prepared with leucoreduction and photochemical PI treatment are associated with similar or lower incidence of HLA-alloimmunization compared to non
PI treated PLTs transfused to onco-haematology recipients.
Secondary objectives are: 1) to compare the incidence of acute transfusion reactions as a measure of safety; 2) to compare the cost of
photochemical PI treated vs untreated PLT components; 3) to implement an active haemovigilance program for all types of PLT
components, and to evaluate the effectiveness of this haemovigilance program to monitor transfusion safety in multiple blood
transfusion services (as recommended in the EUCOMED Position Paper "Health Technology Assessment for Medical Devices in
Europe"; www.assobiomedica.it).
The primary objective of the proteomic study is the comprehensive assessment of protein modifications, with high coverage, through
qualitative and quantitative analysis of BC versus AP pathogen-inactivated PCs. Secondary objectives are: 1) to improve
understanding of PLT storage lesions; 2) to identify potential storage lesion biomarkers; 3) to study molecular mechanisms of the
elimination of proliferative and functional capacities of WBCs; 4) to compare mitochondrial mechanisms of energy production in
inactivated versus standard PCs.
Clinical study design and interventions
The clinical arm of IPTAS will be a multicenter, non randomized, prospective controlled study involving 6 large blood transfusion
services (BTS). Three BTSs will use the Cerus technology (CeT) vs local standard (STD) PLTs while 3 BTSs will use the NavigantGambro technology (NGT) vs local STD PLTs. PI and STD laboratory procedures and protocol deviations will be recorded. The PLT
dose will be determined in all PLT components. Each BTS will allocate consecutive patients (PTs) alternatively to PI treated or STD
PLT components. PI treatment will be used in place of γ-irradiation and CMV serology following ethical approval.
Patient population, analytical procedures and outcome indicators
The PT population will be haematology-oncology adult PTs expected to require 2 or more PLT transfusions (TXs). The study will
include both new and previously transfused PLT recipients, but transfused PTs with historical documented record of 2 or more 1-hour
post-TX PLT count increments <5,000/μL will be excluded. Presence of HLA antibodies (Abs) on admission will not be an exclusion
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criteria. PTs will be transfused with the PLT component assigned by the BTS until: 1) PLT TX independent; 2) detection of
refractoriness; 3) discharge or death, for a maximum of 8 weeks.
PLTs will be transfused according to the American Society of Clinical Oncology guidelines15 and to local policies. While this study
will not be stratified with respect to primary diagnoses or therapy, these data will be collected to permit analysis of the distribution of
primary diagnoses and therapies among the treatment groups.
For each PLT component administered, the response to TX will be evaluated using standardized case report forms recording PT
demographics, primary diagnosis and therapy. For each TX the type of PLT transfused will be indicated together with the
requirement for: 1) TA-GVHD prevention; 2) CMV Ab negative components; 3) HLA-matched or cross-matched PLT components.
Following each PLT TX, PTs will be evaluated for adverse events (AEs) for a period of 24 h. AEs will be recorded using a
standardized form, assessed for relation to the PLT TX and graded for clinical severity. TXs with AEs possibly, probably, or
definitely related to PLT TX will be defined as TXs with an acute reaction. PTs will be assessed for HLA allo-immunization using
conventional assays at each study site. As a minimum, each PT will be evaluated for anti-HLA Ab status on a serum sample collected
at enrolment and within 2 days of the conclusion of participation in the study. HLA matched or cross-matched PLT TXs will be
specifically recorded.
A PT daily record will be used including morning PLT count, haemoglobin, no. of RBC and PLT TXs, PLT age, type and dose, postTX PLT count, body temperature, presence/absence of sepsis, WHO bleeding grade, bleeding type/organ/system and outcome,
occurrence and type of post-TX reactions, drugs negatively impacting on PLT transfusion.
Sample size and statistical analysis
In the TRAP study it was estimated that 570 PTs were necessary for a statistically significant reduction of HLA allo-immunization
from 40% to 20% with type I error = 0.05 and power = 0.9216. In the IPTAS study, according to the formula described by AR
Feinstein17, the required sample size, for type I error = 0.05 and power = 0.80 of detecting a reduction of HLA-alloimmunization
from 40% (control) to 20% (treatment), is 162 PTs per each comparison, i.e. 162 for the comparison of CeT treated PLTs (81 PTs) vs
STD PLTs (81 PTs) in 3 BTSs and another 162 PTs for the comparison of NGT treated PLTs (81 PTs) versus STD PLTs (81 PTs) in
the other 3 BTSs. To take into account PT drop out, we aim at collecting 100 PTs per arm (total: 400 PTs). We expect that IPTAS
will include about 500-1,000 CeT PLT TXs, 500-1,000 "local" control TXs in the 3 BTSs using CeT, 500-1,000 NGT PLT TXs, 5001,000 "local" control TXs in the 3 BTSs using NGT, for a total of 2,000-4,000 PLT TXs.
All data will be analysed according to an intention to treat model. The proportions of PTs who develop HLA Abs and their 95% CI will
be determined. Comparisons between CeT treated PLTs vs local STD PLTs and comparisons between NGT treated PLTs vs local STD
PLTs will be made using the χ2 or the Fisher's exact test with p = 0.05. Similar comparisons will be made for the incidence of acute TX
reactions on a per TX basis and a per PT basis. Descriptive statistics will be used to report number of TXs, PLT doses, pre- and post-TX
PLT counts.
Cost analysis
Direct costs of collection and preparation of WB PLTs prepared without WBC filtration and PI treated will be compared with those of PI
treated AP PLTs and those of conventional PLTs prepared with WBC reduction, γ-irradiation, and CMV serology. The cost per PT for
HLA matched or cross-matched PLTs will be compared between treatment arms. The costs of γ-irradiation and CMV serology per PLT
component transfused and per PT in each treatment arm will be compared between treatment groups. The cost impact related to
treatment of acute TX reactions will be determined and compared between treatment groups.
Proteomic study
Proteomic analysis will be used to compare the effects of CeT and NGT on the proteome profile of AP and BC PCs and of WBCs. To
this aim, 10 AP and 10 BC non inactivated units and, for each PI method, 10 AP and 10 BC inactivated units will be studied.
Moreover, up to 18 WBC samples will be studied: 9 harvested from pooled BCs and 9 from Gambro Trima AP devices. Non treated
WBCs and WBCs treated with both PI methods will be compared using procedures based on published methods18,19.
Discussion
The results from this study will be applicable to estimates related to the routine use of PI treatment for all platelet components on a
national basis. These data will provide a balanced economic rationale to regional healthcare administrators and hospital managers to
evaluate whether or not to introduce blood component pathogen inactivation, extensively or for selected categories of patients.
Moreover, additional scientific data will be made available about outcomes of low cost (BC) vs high cost (AP) PCs, thus allowing
suitable clinical governance of this specific aspect of blood therapeutics. The implementation of an active haemovigilance system to
monitor the safety of transfusion of platelet components in this study will provide a system for monitoring safety of all platelet
components and ultimately all other labile blood components. This study will provide clinical and technical staff at study centres with
training and experience on active haemovigilance. This experience could be easily transferred to other blood centres not participating
in this study.
Proteomic technologies will provide new comprehensive information about changes occurring during processing and storage of
blood products, introducing a novel approach to qualitative and quantitative assessment of blood components.
The proteomic study will potentially provide data to optimize PLT production processes and/or pathogen inactivation systems, thus
increasing present safety and standard of care in PLT transfusion therapy.
The combination of data from the in vivo and the in vitro parts of the study will hopefully allow an original and useful impact on the
comprehensive clinical setting of blood transfusion.
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lood transfusion is not a risk-free procedure
even though concerns have been reduced dramatically with recent improvements in blood
donor selection procedures and implementation of sensitive screening tests for known blood-borne
pathogens. However, tests are not available for all known
pathogens, and additional risks come with newly emerging agents.1-5 Detection is also complicated because of a
latent period between actual infection and detectable
antibody formation in the donor. Increases in the amount
of world travel are a rising concern for disease transmission through transfusions, due to migration of agents from
one geography to another. As a result there is a growing
interest in the implementation of pathogen reduction
technologies (PRTs) to increase the safety of blood components used in transfusion.
All PRTs have advantages and disadvantages. The
important goal is to simultaneously improve transfusion
safety while maintaining efficacy after treatment. Among
the methods that have been employed successfully are
solvent/detergent (S/D) and methylene blue (MB) treatment, both of which are used to treat plasma and to manufacture fractionated and purified blood-derived products.
These treatments are primarily effective against enveloped
viruses. They also yield some reduction in protein quality
due to the treatment.6,7 A psoralen compound (amotosalen, S-59) with ultraviolet (UV) light–based technology
has also been developed for the reduction of pathogens

BACKGROUND: The Mirasol pathogen reduction technology (PRT) system for plasma is based on a riboflavin (vitamin B2) and ultraviolet (UV) light treatment
process resulting in pathogen inactivation due to irreversible photo-oxidative damage of nucleic acids. The
purpose of this study was to evaluate the in vitro
protein quality of apheresis-derived plasma treated with
riboflavin and UV light in comparison with untreated
fresh-frozen plasma (FFP).
STUDY DESIGN AND METHODS: Twenty apheresis
plasma samples (270 ⫾ 10 mL) were combined with
35 ⫾ 5 mL of riboflavin solution (500 mM), yielding a
mean 60 mM final riboflavin concentration, and then
exposed to UV light (6.24 J/mL). Riboflavin and UV
light–treated plasma was then flash frozen, within 8
hours of collection, generating treated FFP. Treated
FFP was thawed and analyzed using standard coagulation assays, and the percent retention of protein activity
was reported, relative to untreated, paired controls.
RESULTS: Plasma proteins demonstrated different sensitivities to riboflavin and UV treatment. The amount of
total protein remained unchanged. After treatment,
fibrinogen (antigen) showed 99% retention; Factor
(F)XII, FXIII, ADAMTS-13, and von Willebrand factor
(ristocetin cofactor) 96% to 100%. Fibrinogen retained
77% activity, FII 80%, FVIIIc 75%, and FV 73% after
treatment. Antithrombin, protein S, plasminogen, and
a2-antiplasmin retained between 91 and 100% activity.
CONCLUSION: The results from this study demonstrate that coagulant and anticoagulant proteins in riboflavin and UV light–treated (PRT) apheresis plasma are
well preserved.
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MB = methylene blue; PRT(s) = pathogen reduction
technology(-ies).
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and inactivation of white blood cells (WBCs) in platelet
(PLT) preparations and in plasma.8-10
Another method is riboflavin and UV light treatment,
which inactivates viruses, bacteria, parasites, and
WBCs.11-14 Riboflavin, a naturally occurring vitamin
(vitamin B2), has the advantage of a well-characterized
safety profile.15-17 Exposure to UV light activates the riboflavin and causes a chemical alteration of guanine
residues of the nucleic acids causing irreversible damage
and making the pathogens unable to replicate.14,18,19 This
chemistry involves oxygen-dependent and oxygenindependent processes. The Mirasol PRT system is
designed to minimize the effect of reactive oxygen by
specific light wavelength selection and by minimizing
residual air in the component bag.
This study evaluated the protein quality of apheresisderived plasma products treated with riboflavin and UV
light. Results were compared to paired, untreated products handled under the same conditions.

Plasma proteins assays
Treated fresh-frozen plasma (FFP) was thawed and analyzed using standard coagulation assays. Fibrinogen activity, Factor (F)II, FV, F IX, FX, FXI, FXII, FXIII, antithrombin,
protein C, protein S, and total protein were evaluated
in Regional Medical Laboratory (Tulsa, OK). Fibrinogen
antigen, FVIIIc, von Willebrand factor (VWF) activity, and
a2-antiplasmin were measured at Quest Diagnostics
Nichols Institute (San Juan Capistrano, CA). ADAMTS-13
activity was determined at Montefiore Medical Center/
Albert Einstein College of Medicine (Bronx, NY) and VWF
multimers at McMaster University (Hamilton, Ontario,
Canada). Details are as follows:
The majority of clotting and chromogenic assays
were performed on the Diagnostica Stago STA-R
Evolution (Stago, France). FVIIIc was measured using
a FVIII chromogenic assay from Siemens on the Behring
coagulation system, extra performance (Siemens Healthcare Diagnostics, Newark, DE).
Antithrombin, a2-antiplasmin, and FXIII analyses
were done using a colorimetric assay of antithrombin III
activity (Stachrom ATIII, Diagnostica Stago-US, Parsippany, NJ), with Berichrom a2-antiplasmin and Berichrom
FXIII (Siemens Healthcare Diagnostics), respectively.
Plasma levels of FII, FV, and FX were determined
using functional assays based on the prothrombin time
with human FII-, FV-, and FX-immunodepleted plasma
samples. Similarly, plasma levels of F IX and FXI were
determined using human F IX- and FXI-immunodepleted
plasma samples, based on the activated partial thromboplastin time. Proteins C and S were determined using
clotting assays (StaClot protein C and StaClot protein S,
STA-Compact, Diagnostica Stago, France).
Fibrinogen antigen was determined by nephelometry. Fibrinogen activity was determined with the Clauss
kinetic clotting method. The fibrinogen in plasma before
and after riboflavin and UV treatment was characterized
using 4% to 20% Tris-HCl criterion gels (Bio-Rad, Hercules, CA). Human fibrinogen (Calbiochem, San Diego,
CA) was applied on gels as a control for plasma samples.
Untreated control plasma and fibrinogen samples contained an amount of saline equal to the volume and
amount of riboflavin in the treated samples. Gel images
were obtained using a commercial system (GelDoc XR,
Bio-Rad). Area (mm2) analyses of fibrinogen in plasma
samples before and after riboflavin and UV treatment
were performed on a high resolution gel imaging and
documentation system (Molecular Imager GelDoc XR,
Bio-Rad).
The total protein content was measured by the
biuret assay using a chemistry analyzer (Olympus, Center
Valley, PA). Ristocetin cofactor activity of VWF was measured using a von Willebrand reagent containing human
stabilized PLTs from Siemens Healthcare Diagnostics.

MATERIALS AND METHODS
Collection and preparation of plasma samples
A total of 20 apheresis-derived plasma products were collected in ACD from the following blood types: 35% group
O, 45% group A, 10% group B, and 10% group AB. The
blood types were selected to be representative of typical
donor populations present in the United States and
Western Europe. All blood products were collected at an
accredited blood banking facility. Units were held at
22 ⫾ 2°C before processing. Each apheresis unit was split
into one control unit (nontreated) and one test unit (riboflavin and UV light treated).

Product treatment
A total of 270 ⫾ 10 mL of plasma was transferred to an
illumination bag and 35 ⫾ 5 mL of 500 mM sterile riboflavin solution was added using a sterile connector (Terumo
TSCD sterile tubing welder, Terumo Medical Corp., Elkton,
MD) yielding a mean 60 mM final concentration. The set
was placed into the illuminator and exposed to UV light
with a linear agitation of 120 cpm. Product temperature
and light dose delivered were monitored continuously
throughout processing. The bag was removed after the
illuminator delivered the necessary dose of UV light
(6.24 J/mL) based on product volume and measured flux
rate.

Sampling and storage preparation
Treated and control aliquots were frozen concurrently,
within 8 hours of collection and stored at -70°C, for at
least 24 hours before plasma protein quality
evaluation.
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The VWF multimers were analyzed using sodium
dodecyl sulfate (SDS)-multimer gels containing 1.25%
agarose (SeaKem LGT (p), FMC Bioproducts, Rockland,
ME) and 1% acrylamide.20 After electrophoresis (20 hr at
35 V), the proteins were transferred onto nitrocellulose
membranes and incubated with peroxidase-conjugated
rabbit anti-human VWF antibodies (Dako D/S, Glostrup,
Denmark). The VWF multimer patterns were developed
using Western blotting chemiluminescent substrate (ECL,
GE Healthcare, Piscataway, NJ).21
Internal standards on each gel included normal
pooled plasma and plasma deficient in large-molecularweight multimers of VWF (Type 2A VWD). The multimer
migration of each sample was compared to the normal
pool. Intermediate bands were considered to be 5 to 10
subunits and high-molecular-weight (HMW) bands were
considered to be greater than 10 subunits.
ADAMTS-13 activity level was measured using
guanidine-HCl–treated VWF multimers as the substrate as
previously described22 with the proteolytic fragments generated after incubation analyzed by SDS-polyacrylamide
gel electrophoresis (PAGE) and immunoblotting.

RESULTS
Plasma proteins had different sensitivities to riboflavin
and UV treatment as shown in Table 1. The amount of
total protein remained unchanged. Fibrinogen had 99%
antigen and 77% activity retention after treatment. Results
from gel electrophoresis (Fig. 1) confirmed that after riboflavin and UV treatment the electrophoretic patterns of
fibrinogen were unchanged.
FXII retained 96% activity and FXIII remained
normal. FII showed 80%, FVIIIc 75%, and FV 73% activity
retention, respectively, after riboflavin and UV treatment.
ADAMTS-13 and VWF fully retained activity. The data
demonstrated a variable decrease in the HMW multimers
of VWF in the postillumination samples, with some
samples having normal patterns (Fig. 2).
All anticoagulant and inhibitor proteins, antithrombin, protein S, plasminogen, and a2-antiplasmin showed
retention of activity between 91 and 100% (Table 1).
Protein C was more sensitive and retained 81% activity
after treatment.

DISCUSSION
Plasma proteins

Statistical analysis

The existing PRTs show different levels of loss or degradation of plasma proteins after treatment.6,7,23-30 The level of
these reductions and the particular factors that are
affected vary from method to method. For example, S/Dtreated plasma shows an overall reduction of the activity
and concentration of coagulation factors, inhibitors,
immunoglobulins, and other plasma proteins of approximately 5% to 20%; IgM antigen isoagglutinins are reduced

Arithmetic means and standard deviations (SDs) were calculated for each of the variables listed and reported in the
final analysis. To analyze the effect of photodynamic treatment on the coagulation factors, the control coagulation
factor levels (mean ⫾ SD) and percent retention
(mean ⫾ SD) for riboflavin and UV light–treated plasma
are reported.

TABLE 1. Protein retention for riboflavin and UV light–treated apheresis plasma*
Plasma protein quality variable
Fibrinogen activity (mg/dL)
Fibrinogen antigen (mg/dL)
FII (IU/mL)
FV (IU/mL)
FVIIIc (IU/mL)
F IX (IU/mL)
FX (IU/mL)
FXI (IU/mL)
FXII (IU/mL)
FXIII (IU/mL)
VWF activity (U/mL)
ADAMTS-13 (% activity)
Protein C (U/mL)
Protein S (U/mL)
Antithrombin (U/mL)
a2-Antiplasmin (U/mL)
Total protein (g/L)

Before illumination
345 ⫾ 80
344 ⫾ 90
1.1 ⫾ 0.2
1.1 ⫾ 0.2
1.3 ⫾ 0.5
1.4 ⫾ 0.4
1.1 ⫾ 0.2
1.2 ⫾ 0.2
1.3 ⫾ 0.3
All normal
0.7 ⫾ 0.3
107 ⫾ 41
1.4 ⫾ 0.5
1.1 ⫾ 0.2
1.0 ⫾ 0.1
1.0 ⫾ 0.1

After illumination†
267 ⫾ 64
339 ⫾ 87
0.9 ⫾ 0.1
0.8 ⫾ 0.1
1.0 ⫾ 0.3
1.0 ⫾ 0.2
0.9 ⫾ 0.2
0.8 ⫾ 0.1
1.3 ⫾ 0.3
All normal
0.8 ⫾ 0.3
103 ⫾ 36
1.1 ⫾ 0.3
1.0 ⫾ 0.2
1.0 ⫾ 0.1
0.9 ⫾ 0.1

Percent recovery, before
illumination vs. after illumination‡
77 ⫾ 4
99 ⫾ 4
80 ⫾ 6
73 ⫾ 8
75 ⫾ 16
76 ⫾ 6
80 ⫾ 7
67 ⫾ 5
96 ⫾ 14
NA
117 ⫾ 10
100 ⫾ 25
81 ⫾ 11
91 ⫾ 9
99 ⫾ 4
93 ⫾ 4

58 ⫾ 3

58 ⫾ 3

99 ⫾ 1

* Protein retention in treated plasma is reported as the percent retention relative to the paired, untreated control products at the same
storage interval. All values are mean ⫾ 1 SD. Values are reported for a total of 20 apheresis-derived paired plasma units.
† Corrected for dilution.
‡ Calculated as mean percent retention of individual paired units.
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