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Abstract

Background: There is a global increase in whole blood usage and at the same
time, emerging pathogens give cause for pathogen reduction technology
(PRT). The Mirasol PRT has shown promising results for plasma and platelet
concentrate products. Treatment of whole blood with subsequent platelet sur-
vival and recovery analysis would be of global value.

Study Design and Methods: A two-arm, open-label laboratory study was per-
formed with 40 whole blood collections in four groups: non-leukoreduced
non-PRT-treated, non-leukoreduced PRT-treated, leukoreduced non-PRT-
treated, and leukoreduced PRT-treated.

Leukoreduction and/or PRT-treatment was performed on the day of collection,
then all WB units were stored at room temperature for 24 h. Sampling was per-
formed after hold-time and after 24-h storage in RT. If PRT-treatment or
leukoreduction, samples were also taken subsequently after treatment.
Thirteen healthy volunteer blood donors completed the in vivo study per pro-
tocol. All WB units were non-leukoreduced and PRT-treated. Radioactive
labeling of platelets from RT-stored, PRT-treated whole blood, sampling of
subjects, recovery, and survival calculations were performed according to the
Biomedical Excellence for Safer Transfusion Collaborative protocol.

Results: In vitro characteristics show that PRT-treatment leads to increased levels of
hemolysis, potassium, and lactate, while there are decreased levels of glucose, FVIII,
and fibrinogen after 24 h of storage. All values are within requirements for WB.

In vivo recovery and survival of platelets were 85.4% and 81.3% of untreated
fresh control, respectively.

Conclusions: PRT-treatment moderately reduces whole blood quality but is
well within the limits of international guidelines. Recovery and survival of
platelets are satisfactory after Mirasol treatment.
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1 | INTRODUCTION

In developed countries, whole blood has been used
nearly exclusively as a source for blood component pro-
duction for many years. However, with the focus on early
blood transfusion with balanced component therapy as a
very important issue in damage control resuscitation,
there is a new focus: Reintroduction of the idea that
whole blood (WB) may be the optimal component in the
initial phase of massive transfusion therapy."

United States military experience has been a driving force
in this development and programs have been developed to
make whole blood available.>* At the same time, there is
universal agreement that optimal transfusion safety not only
involves accessibility, but also the quality of the components.

From each year between 1940 and 2004, an estimated
average of 5.3 viruses have emerged, 60%-70% of which
are human pathogens.S In addition to donor selection,
the risk of transfusion-transmitted infection may be
reduced by donor screening and blood testing; however,
such testing is not available for every pathogen and emer-
gency transfusion may be needed in areas without testing
facilities. Also, tests can only detect pathogens above a
certain threshold.®®

Blood products also transfer white blood cells (WBCs)
that can elicit harmful immune responses. Although the
vast majority of WBCs in blood products can be removed
by leukoreduction, residual levels of WBCs remain and
may cause complications such as transfusion-associated
graft-versus-host disease (TA-GVHD).>!° Gamma irradia-
tion is currently used in many parts of the world for inac-
tivation of WBCs in blood products that will be
transfused to individuals identified as being at risk for
TA-GvHD. Clear disadvantages to this approach include
difficulty in maintaining radiation sources as well as pub-
lic health and safety risks associated with the use of
cesium (**’Cs) or cobalt (°°Co)."* For this reason, many
centers have now changed to conventional X-ray technol-
ogy.'> X-ray technology is however not active against
contaminating agents, opposed to pathogen reduction
technologies, which both prevent WBC-induced compli-
cations and protect against transmission of infection.

These challenges highlight the need for a safe and
convenient method for pathogen inactivation of whole
blood. Worldwide, many blood donors are exposed to var-
ious pathogens that may be transmitted through
transfusion—and the epidemiological situation makes
deferral impossible (e.g., blood donors in high-endemic
malaria regions may not be excluded).

The Mirasol pathogen reduction technology (PRT)
System for WB (Terumo BCT, Lakewood, CO) uses ultra-
violet (UV) light energy and addition of riboflavin (vita-
min B,) to the blood products to reduce the pathogen
load and inactivate WBCs."? This combination treatment
results in more robust cell damage than UV light alone,
since riboflavin associates with nucleic acids and medi-
ates an oxygen-independent electron transfer process,
leading to the irreversible modification of nucleic acids
and resultant inhibition of deoxyribonucleic acid and
ribonucleic acid replication."*> Compared with gamma
irradiation, Mirasol has also shown better performance in
terms of T-cell activation and inhibition of cytokine pro-
duction in WBCs."*

This PRT system is currently used for treatment of
platelets and plasma products. With an adjustment to the
energy dose, it can also be used for the treatment of
whole blood. Pathogen reduction of whole blood may
provide an important safety step in areas where transmis-
sion of infectious agents is common and the testing abili-
ties are limited. This includes military missions in
locations without access to a regular blood bank service.
Under such circumstances, on demand blood donation
followed by immediate transfusion may be the only avail-
able possibility. Therefore, we conducted a study to inves-
tigate if Mirasol-treated whole blood could preserve
sufficient quality after 24 h storage at room temperature.
The study consists of two in vitro arms providing infor-
mation on the essential parameters for storage and an
in vivo study focusing on platelet recovery and survival.

2 | MATERIALS AND METHODS

2.1 | Study design

An in vitro study and an in vivo study were performed.
Initially, a two-arm, open-label, randomized study was
conducted to characterize the in vitro parameters of leu-
koreduced and non-leukoreduced whole blood
(i.e., plasma, platelets, and RBCs), either treated with the
Mirasol PRT System or not treated and stored for 24 h at
room temperature (22°C + 2°C). Treatment was allocated
in a 1:1 ratio by assigning the first 20 evaluable WB units
to Arm 1 (no leukoreduction) and the next 20 evaluable
WB units to Arm 2 (leukoreduction with an Imuflex
WB-SP filter [Terumo BCT, Lakewood, CO]) before
in vitro testing. Within each arm, we randomized WB
units such that one-half of the WB units in each arm
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FIGURE 1 Diagram over the
in vitro study

Included donors (n = 49)

Excluded (n =9)
- Low hemoglobin (n = 1)
- Inadequate blood collection (n = 2)
- Tubing leakage (n = 1)
- Sampling procedure or analysis (n = 3)
- Lipemic plasma (n = 2)

Arm 1: Arm 2:
Non-LR Whole Blood LR Whole Blood
(n=20) (n =20)

Randomization

Randomization

No PRT treatment

No PRT treatment

(n=10) (n=10)
PRT treatment PRT treatment
(n=10) (n=10)

were treated with the Mirasol PRT System and one-half
were untreated (Figure 1).

When the initial study was evaluated and the results
were considered to be satisfactory, a second part of the
study was performed (Figure 2).

Subjects provided written informed consent prior to
initiating study procedures. A regional ethics committee
approved the study protocols.

2.2 | Selection of participants

Eligible subjects were aged >18 years, met the criteria for
WB donation as defined by institutional blood center

standards, and had adequate venous access. Subjects
were not eligible if they were pregnant or using medica-
tions that interfered with platelet function within 5 days
of WB donation. In the in vivo study, subjects were also
ineligible for participation in another investigational
study within 12 months that may have interfered with
data analysis.

2.3 | Collection, storage, and sampling of
whole blood

Eligible subjects in the in vitro study donated 1 unit of WB
(450-500 ml) using collection sets containing 63 ml of the
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Included donors (22)

Excluded (n = 8)

- Cold/influenza symptoms after blood collection (n=1)
- Inadequate blood collection (n = 1)

- Technical error (n = 6)

LR Whole Blood, PRT treated
Intention-to-treat
(n=14)

Excluded (n=1)
- Not per protocol (n = 1)

LR Whole Blood,
PRT treated
BEST
(n=13)

FIGURE 2 Diagram over the in vivo study

anticoagulant citrate phosphate dextrose (CPD). Arm 1
used OptiPure CPD quadruple collection sets (Fenwal
Inc., Bad Homburg v.d.H., Germany), and Arm 2 used
Imuflex WB-SP quadrouple collection sets (Terumo BCT).

Blood samples for in vitro testing were collected from
Mirasol-treated WB units on Day 1 (post collection,
ie, before addition of riboflavin and following
leukoreduction in Arm 2), Day 1 (after treatment), and Day
2 (24 h after treatment). Blood samples for in vitro testing
were collected from control WB units on Day 1 (after collec-
tion, i.e., following leukoreduction in Arm 2) and Day
2 (24 h). We used 150 ml Teruflex sampling bags (Terumo
BCT) and sterile welding (TSCD-II, Terumo BCT).

24 | Recovery and survival of platelets
Following completion of the in vitro study, an indepen-
dent, non-randomized, open-label in vivo study was per-
formed using intra-subject controls to investigate the
quality of platelets (i.e., in vivo recovery and survival)
derived from Mirasol-treated WB following room temper-
ature storage (22°C + 2°C) for 24 + 1 h compared with
platelets derived from untreated, freshly collected WB.
On Day 0, subjects in the in vivo study donated 450
+ 45 ml of WB into collection sets containing 63 ml of
CPD (Imuflex WB-SP, Terumo BCT). The WB unit was
tested for in vitro parameters, treated with the Mirasol
PRT System, and stored for 24 + 1 h at room tempera-
ture. On Day 1, one 20 ml aliquot and one 50 ml aliquot
of WB were removed from the Mirasol-treated, stored
unit for additional in vitro testing and platelet

radiolabeling, respectively. Also on Day 1, subjects first
returned to the investigational site and donated a second
sample of fresh WB (43 + 2 ml into a 50 ml syringe con-
taining 9 ml of sterile CPD-A). We isolated platelets from
both the untreated, fresh aliquots of WB and the Mirasol-
treated, stored aliquots of WB, and radiolabeled with
either 111Indium (15 pCi) or 51Chromium (20 pCi) in
accordance with the Biomedical Excellence for Safer
Transfusion (BEST) Collaborative protocol. The two
radiolabeled platelet aliquots were then autologously
reinfused at the same time on Day 1. Serial venous blood
samples were collected and analyzed in a gamma counter
(Wizard2, 2480 1-Detector, Perkin Elmer, Waltham, MA)
for radiolabeled platelet recovery and survival analyses
per protocol on Day 1 (pre-infusion, 1.5 + 0.5 h post-infu-
sion), Days 2, 3, 4, 6, 7 and 10.

2.5 | Study endpoints

The primary endpoint of the in vitro study was characteri-
zation of the in vitro parameters of WB units that had been
either leukoreduced or not and either treated with the Mir-
asol PRT System or not and stored for 24 h at 22°C + 2°C.
The main criteria were hematology parameters, plasma free
hemoglobin, blood gas parameters, bacteriological testing,
blood chemistry, and percent hemolysis. The primary end-
points of the in vivo study were relative recovery and sur-
vival of radiolabeled platelets derived from Mirasol-treated
WB units compared with radiolabeled platelets derived
from freshly collected WB. Secondary endpoints were iden-
tical to the primary endpoints of the in vitro study. Safety
was evaluated with adverse event (AE) monitoring from
Day 0 through the end of study, and treatment emergent
adverse events (TEAEs) would be graded using the National
Cancer Institute Common Terminology Criteria for Adverse
Events, version 4.0.

2.6 | Pathogen reduction procedure
Following WB collection, WB units were transferred to the
Mlumination Bag. The Riboflavin Solution was mixed with
the WB and the Illumination Bag was placed in the Illumi-
nator, which delivered UV light (80 J/ml RBC) while agi-
tating in a horizontal motion for approximately 1 h.

2.7 | Hematology and biochemical
analysis

Hemoglobin, hematocrit, platelet count, and WBC were
analyzed on a Cell-Dyn Sapphire analyzer (Abbot
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Diagnostics, Abbot Park, IL). The Leucocount kit from
BD (BD Biosciences, San Jose, CA) was used for residual
WBC analysis, with a BD FACSCanto II cytometer.

Plasma hemoglobin was analyzed with the HemoCue
Plasma/Low Hb photometer (HemoCue AB, Angelholm,
Sweden) to calculate hemolysis.

Lactate and blood gas analysis was performed on
whole blood samples with an ABL 800 FLEX
(Radiometer Medical ApS, Brondshgj, Denmark).

Glucose, potassium, and Factor VIII were analyzed
with the Cobas 8000 ISE module (Roche Diagnostics
GmbH, Rotkreuz, Switzerland). FVIII and fibrinogen
levels were analyzed with the STA-R Evolution/STA-R
Max platform (Stago S.A.S., Asnieres-sur-Seine, Paris,
France).

All plasma samples were prepared by centrifugation
at 1850 G for 10 min in RT.

2.8 | Statistical analyses

No formal hypothesis testing was performed. Sample
sizes of 40 evaluable WB units in the in vitro study and
12 evaluable subjects in the in vivo study were
prespecified without consideration of statistical power.

In the in vitro study (Figure 1), the differences between
test and control in vitro characteristics were calculated
using a standard t-test. In vitro analyses were performed
on all evaluable WB units (i.e., those that met specified
weight and volume criteria). Graphic data presentations
were generated using GraphPad Prism 6.04 software
(GraphPad Software, San Diego, CA). Safety analyses were
performed using the entire study population.

In the in vivo study, relative recovery and survival
were analyzed with a one-sample f-test, and the lower
one-sided 95% confidence limit was provided to compare
against the US Food and Drug Administration (FDA)
criteria for in vivo platelet recovery and survival of >66%
and >58%, respectively.'> Analyses were conducted using
SAS (v.9.3, SAS Institute, Cary, NC).

Recovery (%) Survival (hours)
100% | ., 200+
. .
o0
®ee 150+
°
50%- i Sua . 100-
o 3
L ] 50_
FIGURE 3 In vivo recovery and survival of Mirasol-treated

platelets stored for 24 h at room temperature
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The in vivo population comprised all enrolled subjects
with valid data, as described in Figure 3. The BEST-popu-
lation, whose platelets were treated according to the
BEST Collaborative procedure for radiolabeled platelet
studies,'® comprised the subjects who had one blood sam-
ple collected on Day 1; five to seven samples from Days
2 through 8; and one sample from Days 10 through 12 for
a comparison of sampling time points.

3 | RESULTS

3.1 | Subject disposition and
demographics

3.1.1 | Invitro study

Forty-nine healthy volunteer blood donors participated
in the in vitro study between September and December
2014. Forty WB units were evaluable for inclusion in the
in vitro analyses, with 20 units in Arm 1 and 20 units in
Arm 2 (10 Mirasol-treated and 10 untreated per arm).

Nine WB units were ineligible for in vitro analyses for
incomplete WB donation due to inadequate blood flow
(n = 2), tubing leakage (n = 1), low hemoglobin level
(n = 1); incorrect sample process for adenosine triphos-
phate (n =2) or clinical laboratory (n = 1) analysis;
lipemic blood samples (n = 2).

Limited demographic information was collected. All
female subjects were either not of child-bearing potential
(95.9%) or of child-bearing potential with negative preg-
nancy tests (4.1%).

3.1.2 | Invivo study

Twenty-two healthy volunteer blood donors participated
in the in vivo study between April and July 2015. Twenty
subjects (90.9%) completed study procedures, including
autologous reinfusion of radiolabeled untreated fresh and
Mirasol-treated stored platelets. Two subjects (9.1%) dis-
continued prematurely for an AE of cold/influenza
(n = 1) and for an incomplete WB donation (n = 1).

Data from the first eight subjects were irreparably
confounded due to a calibration error of the gamma
counter, resulting in overlapping of '"Indium and
>!Chromium signals. The data were not evaluable for
recovery and survival endpoints as it was impossible to
reanalyze the samples. These subjects were only included
in the Safety Population (N = 22).

Subject demographics are presented in Table 1. A
majority of subjects were female (71.4%) and all were
Caucasian. The mean age was 40.4 years, the mean
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TABLE 1 Summary of in vitro characteristics in whole blood (in vitro study)

Post-collection (mean + SD)  Post-treatment (mean + SD) 24 h (end of storage) (mean + SD)

PLTi count (x10° cells/L)

PRT-treated (Arm 1) 153 +43 105 + 24 127 + 29
PRT-untreated (Arm 1) 160 + 37 NA 187 + 48
PRT-treated (Arm 2) 138 + 57 118 + 53 134 + 71
PRT-untreated (Arm 2) 126 + 36 NA 165 + 30
RBC hemolysis (%)
PRT-treated (Arm 1) 0.07 + 0.03 0.08 + 0.04 0.11 + 0.03
PRT-untreated (Arm 1)  0.05 + 0.03 NA 0.06 + 0.03
PRT-treated (Arm 2) 0.05 + 0.03 0.07 + 0.02 0.10 + 0.03
PRT-untreated (Arm 2)  0.03 + 0.03 NA 0.08 + 0.03
WBC count (x10° cells/L)
PRT-treated (Arm 1) 50+ 1.5 4.6 + 1.3 43+ 1.1
PRT-untreated (Arm 1) 4.3 + 0.9 NA 42+1.0
PRT-treated (Arm 2) <0.2* <0.4+0.3 <0.2
PRT-untreated (Arm 2) <0.3+0.2 NA <0.2
Glucose (mmol/L)
PRT-treated (Arm 1) 211+1.4 191 +1.3 154 + 1.1
PRT-untreated (Arm 1) 21.3+1.0 NA 17.3 + 0.7
PRT-treated (Arm 2) 19.8 £ 0.9 179 £ 1.0 146 £ 1.1
PRT-untreated (Arm 2) 20.3 + 1.0 NA 16.5 + 1.0

Potassium (mmol/L)

PRT-treated (Arm 1) 32+0.2 32+0.2 6.3 +0.7
PRT-untreated (Arm 1) 3.3 +£0.2 NA 4.5+ 0.3
PRT-treated (Arm 2) 3.1+02 3.1+0.1 5.8+ 0.7
PRT-untreated (Arm 2) 3.3+ 0.2 NA 45+04
pH
PRT-treated (Arm 1) 7.008 + 0.021 7.015 + 0.022 6.806 + 0.030
PRT-untreated (Arm 1)  7.002 + 0.019 NA 6.810 + 0.028
PRT-treated (Arm 2) 7.062 + 0.022 7.062 + 0.020 6.849 + 0.030
PRT-untreated (Arm 2)  7.041 + 0.025 NA 6.850 + 0.023

Lactate (mmol/L)

PRT-treated (Arm 1) 2.0+ 0.6 2.6 +0.5 9.1+1.0

PRT-untreated (Arm 1) 2.4 +0.5 NA 9.7+1.2

PRT-treated (Arm 2) 21+0.5 2.5+ 0.5 8.6 + 0.9

PRT-untreated (Arm 2) 2.7 +£0.6 NA 9.5+ 1.1
Fibrinogen (g/L)

PRT-treated (Arm 1) 32+09 2.0+ 0.5 23+0.6

PRT-untreated (Arm 1) 3.0 + 0.6 NA 3.0+ 0.5

PRT-treated (Arm 2) 2.9 + 0.6 23+ 0.5 22+ 04

PRT-untreated (Arm2) 3.1+ 1.0 NA 3.1+0.9
FVIII (%)

PRT-treated (Arm 1) 106.7 + 13.6 73.6 +25.7 48.5 + 20.5

PRT-untreated (Arm 1)  124.1 + 16.7 NA 97.1 +23.6
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TABLE 1 (Continued)

Post-collection (mean + SD)
PRT-treated (Arm 2)
PRT-untreated (Arm 2)

98.4 + 31.0

Post-treatment (mean + SD)
63.0 + 23.0
112.0 + 16.1 NA

TRANSFUSION-=~

24 h (end of storage) (mean + SD)
40.2 + 139
101.2 + 27.9

Abbreviations: L, liter(s); PLTi, Platelet (impedance measurement); PRT, pathogen reduction technology; RBC, red blood cell; SD, standard deviation; WBC,

white blood cell.

#All units for which a value <0.2 was reported were mathematically averaged as 0.2, and the mean value is reported as < the reported number.

height was 172.6 cm, and the mean weight was 78.7 kg.
Blood types were A (42.9%), B (7.1%), and O (50.0%); all
subjects were Rh+.

3.2 | Pathogen reduction procedure

No Mirasol PRT System device malfunctions were
reported in either study, and no samples tested positive
for bacterial contamination.

3.21 | Invitro study

The mean weight of blood collected from completed
donations was just above the protocol-specified range for
Arm 1 (mean weight 495.0 + 3.7 g; target range 438-
494 g) and within the range for Arm 2 (mean weight
527.2 + 2.9 g; target range 523-530 g); excess volume was
diverted to post-collection samples and was not illumi-
nated/stored. The mean time between collection and
transfer to the illumination bag was 2.4 h in Arm 1 and
1.8 hin Arm 2.

The addition of riboflavin diluted the Mirasol-treated
WB units, resulting in slight decreases in hematocrit,
WBC count, RBC count, platelet count, and fibrinogen
between post-collection and post-illumination. While
many of these values increased between post-
illumination and end of storage (24 h), most mean values
in the Mirasol-treated units remained slightly lower than
untreated units at 24 h in both arms.

The results for samples of platelets, plasma, and RBCs
from Mirasol-treated WB units are presented in Table 1.

As Arm 2 employed leukoreduction, WBC counts in
Arm 2 were lower for both untreated and Mirasol-treated
units compared with Arm 1. No effects of leukoreduction
in Arm 2 were observed for hemoglobin, potassium, RBC
count, RBC mean cell volume, metabolic platelet func-
tion, or fibrinogen compared with Arm 1 for either
Mirasol-treated or untreated units, as 24-h values were
similar between both sets of untreated units and both sets
of Mirasol-treated units. The volume lost during filtration

is almost 50 ml and should be taken into account when
choosing collection sets. The mean platelet yield for all
units was above FDA recommendation (>3.0 x 10™).

Levels of RBC hemolysis were well below published
guidelines for the Council of Europe (<0.8%) and AABB
(1%) for both untreated and Mirasol-treated units across
both study arms.

Plasma potassium levels increased in all units, with
Mirasol-treated units demonstrating greater increase in
both arms (Table 1). Plasma levels of glucose decreased
and lactate increased over the storage period.
Corresponding to increased lactate, the pH of both
Mirasol-treated and untreated units decreased during
storage but remained above the FDA recommendation
for platelets (pH > 6.3).

3.2.2 | Invivo study

No device deficiencies were reported and all Mirasol
treatments were considered successful. The mean mass of
the Mirasol-treated WB units post-collection was
492.2 + 2.3 g, the mean mass of the Illumination Bag fol-
lowing addition of riboflavin was 636.4 + 2.8 g, and mean
hematocrit prior to illumination was 35.2% + 2.01%. The
mean time between collection and illumination was 1.92
+ 0.158 h, the mean time between illumination and
placement in storage was 13.2 + 4.4 min, the mean illu-
mination time was 46.2 + 3.4 min, and the mean storage
time was 23.37 + 0.264 h (range 23.0-23.9 h).

The addition of riboflavin to the WB units prior to
illumination resulted in sample dilution and subsequent
decreases in mean hematocrit, hemoglobin, WBC count,
and platelet count from post-collection to post-illumina-
tion, but many of these mean values returned to the nor-
mal range following 24-h storage.

For the platelet recovery study, Mirasol-treated stored
mean platelet recovery (42.19% + 8.68%) was 85.4% of the
untreated fresh control (one-sided 95% lower confidence
limit 74.91%). Mean platelet survival (153.4.1 +41.9 h
[approximately 6.5 days]) was 82% of the untreated fresh
control (one-sided 95% lower confidence limit 77.3).
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3.3 | Safety

Ten subjects (45.5%) reported 13 TEAEs on study, all of
which were mild in severity. Events reported for >1 subject
were hematoma (22.7%) and anxiety (9.1%). No TEAEs
were considered related to the device. Ten TEAESs reported
for eight subjects were considered related to the procedure.
One subject discontinued the study early for an AE of
cold/influenza. Nine TEAEs resolved without sequelae,
with four TEAEs ongoing at the end of the study (three
hematomas and one blister on both feet). No SAESs, deaths,
or UADEs were reported, and no clinically significant
changes or trends in vital sign measurements were
observed before, during, or for 30 min after reinfusion. No
clinically relevant abnormalities or trends in clinical labo-
ratory parameters were observed at Day 0 or Day 1.

4 | DISCUSSION

The in vitro characteristics of PRT-treated WB units dur-
ing and following 24 h of storage at room temperature
were consistent between the in vitro and in vivo studies
and aligned with previously reported results from WB that
had been similarly treated and stored. As shown in
Table 1, the PRT treatment resulted in several biochemical
and metabolic changes. The potassium leakage increased
significantly but the hemolysis remained nearly constant
throughout the storage period—and the hemolysis was
below the required limit'”'® with solid margins. The mean
glucose concentrations decreased and mean lactate con-
centrations increased attributed to upregulation of platelet
metabolism following Mirasol treatment, in accordance
with observations from other studies. Likely related to the
increased lactate, pH decreased during storage while pO,
decreased and pCO, correspondingly increased. These
results are completely in line with published results from
testing of both Mirasol-treated platelet concentrates and
treated whole blood.”"***

In connection with PRT, the need for additional WBC
removal by filtration has been debated. The laboratory
testing performed in this study (Table 1) indicates that
there is no substantial effect of WBC reduction on the
platelet parameters tested. The clinical relevance is how-
ever linked to prevention of human leukocyte antigen
(HLA)-alloimmunization and TA-GvHD. There is evi-
dence that Mirasol PRT is very effective to prevent
TA-GVHD,'>** and promising concerning prevention of
HLA-immunization.*>®

The critical question is if the in vitro negative effects
significantly affect function—and if the benefits of PRT
outweigh these disadvantages. Our results show that the
survival and recovery of platelets stored at room

temperature for 24 h after Mirasol treatment are fulfilling
the international requirements’>'®* and the platelet
recovery and survival is also comparable to reports from
other studies, not using PRT-platelets.****

This study is designed for short-time whole blood
storage under suboptimal conditions, as this will be the
reality when there is an urgent need for transfusion in
settings without access to blood bank facilities. For gen-
eral civilian purposes, long-term cold WB storage is the
preferred alternative'>>>> and studies must be under-
taken to elaborate if this is possible.

The benefits of PRT are maximal under constrained
circumstances with high infection rate in the donor pop-
ulation without access to advanced testing for infectious
diseases. Both clinical and in vitro studies indicate good
and consistent effects after use of the Mirasol PRT.***

In conclusion, in vitro testing of Mirasol-treated whole
blood stored for 24 h at room temperature—both with and
without WBC filtration—document that the quality of the
whole blood unit is suitable for transfusion. Recovery and
survival studies of platelets isolated from these whole
blood units prove well-preserved platelet quality.

ACKNOWLEDGMENTS

We wish to thank the staff at Centre for Nuclear Medi-
cine, Department of Radiology, Haukeland University
Hospital for their invaluable assistance with radioactive
procedures. The Platelet Research group, then headed by
Professor Sherrill Slichter at Bloodworks Northwest
Research Institute, offered invaluable training and assis-
tance with the radiolabeling protocol. Last, but not least,
warm thanks to Hanne Braathen, Alia Jaboori, and our
colleagues at Department of Immunology and Transfu-
sion Medicine and Department of Medical Biochemistry
and Pharmacology for their contributions.

CONFLICT OF INTEREST

LH was employed at Terumo BCT (Sponsor) during the
time when the studies were designed and executed. Spon-
sor was awarded the funding from U.S. Department of
Defense; award number W81XWH-12-2-0135. All other
authors have disclosed no conflicts of interest.

ORCID

Turid Helen Felli Lunde
6798-1630

Tor Audun Hervig ‘® https://orcid.org/0000-0001-9441-
253X

https://orcid.org/0000-0001-

REFERENCES

1. Bahr MP, Yazer MH, Triulzi DJ, Collins RA. Whole blood for
the acutely haemorrhaging civilian trauma patient: a novel
idea or rediscovery? Transfus Med. 2016;26:406-14.


https://orcid.org/0000-0001-6798-1630
https://orcid.org/0000-0001-6798-1630
https://orcid.org/0000-0001-6798-1630
https://orcid.org/0000-0001-9441-253X
https://orcid.org/0000-0001-9441-253X
https://orcid.org/0000-0001-9441-253X

LUNDE ET AL.

10.

11.

12.

13.

14.

15.

Nessen SC, Eastridge BJ, Cronk D, Craig RM, Berséus O,
Ellison R, Remick, K, Seery, J, Shah, A, Spinella, PC. Fresh
whole blood use by forward surgical teams in Afghanistan is
associated with improved survival compared to component
therapy without platelets. Transfusion. 2013;53(Suppl 1):
107s-13s.

Alarhayem AQ, Myers JG, Dent D, Liao L, Muir M, Mueller D,
Nicholson, S, Cestero, R, Johnson, MC, Stewart, R, O'Keefe, G,
Eastridge, BJ. Time is the enemy: mortality in trauma patients
with hemorrhage from torso injury occurs long before the
“golden hour”. Am J Surg. 2016;212:1101-5.

Eastridge BJ, Mabry RL, Seguin P, Cantrell J, Tops T, Uribe P,
Mallett, O, Zubko, T, Oetjen-Gerdes, L, Rasmussen, TE,
Butler, FK, Kotwal, RS, Holcomb, JB, Wade, C, Champion, H,
Lawnick, M, Moores, L, Blackbourne, L. Death on the battle-
field (2001-2011): implications for the future of combat casu-
alty care. J Trauma Acute Care Surg. 2012;73(6 Suppl 5):
S431-7.

Stramer SL. Current perspectives in transfusion-transmitted
infectious diseases: emerging and re-emerging infections. ISBT
Sci Ser. 2014;9:30-6.

Dogbe EE, Arthur F. Diagnostic accuracy of blood centers in
the screening of blood donors for viral markers. Pan Afr Med J.
2015;20:119.

Lelie N, Bruhn R, Busch M, Vermeulen M, Tsoi W-C,
Kleinman S, et al. Detection of different categories of hep-
atitis B virus (HBV) infection in a multi-regional study
comparing the clinical sensitivity of hepatitis B surface
antigen and HBV-DNA testing. Transfusion. 2017;57:
24-35.

Yang H, Anderson SA, Forshee R, Williams A, Epstein JS,
Marks PW. Modeling complete removal of risk assessment
questions in the USA predicts the risk of HIV exposure in
blood recipients could increase despite the use of nucleic acid
testing. Vox Sang. 2016;110:324-8.

Akahoshi M, Takanashi M, Masuda M, Yamashita H,
Hidano A, Hasegawa K, et al. A case of transfusion-associated
graft-versus-host disease not prevented by white cell-reduction
filters. Transfusion. 1992;32:169-72.

Hayashi H, Nishiuchi T, Tamura H, Takeda K. Transfusion-
associated graft-versus-host disease caused by leukocyte-filtered
stored blood. Anesthesiology. 1993;79:1419-21.

Moroff G, Luban NL. The irradiation of blood and blood com-
ponents to prevent graft-versus-host disease: technical issues
and guidelines. Transfus Med Rev. 1997;11:15-26.

Frentzel K, Badakhshi H. Irradiation with x-rays of the energy
18 MV induces radioactivity in transfusion blood: proposal of a
safe method using 6 MV. Med Phys. 2016;43:6517.

Goodrich RP, Doane S, Reddy HL. Design and development of
a method for the reduction of infectious pathogen load and
inactivation of white blood cells in whole blood products. Bio-
logicals. 2010;38:20-30.

Fast LD, Nevola M, Tavares J, Reddy HL, Goodrich RP,
Marschner S. Treatment of whole blood with riboflavin plus
ultraviolet light, an alternative to gamma irradiation in the pre-
vention of transfusion-associated graft-versus-host disease?
Transfusion. 2013;53:373-81.

Murphy S. Radiolabeling of PLTs to assess viability: a proposal
for a standard. Transfusion. 2004;44:131-3.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

TRANSFUSION-=»

The Biomedical Excellence for Safer Transfusion (BEST) Col-
laborative. Platelet radiolabeling procedure. Transfusion. 2006;
46:59S-66S.

Fung MK, editor. Technical manual. 18th ed. Bethesda, MD:
AABB; 2016.

Europe, C.o. Guide to the preparation, use, and quality assur-
ance of blood components. 19th ed. Strasbourg: European
Directorate for the Quality of Medicines and Healthcare; 2017.
Ignatova AA, Karpova OV, Trakhtman PE, Rumiantsev SA,
Panteleev MA. Functional characteristics and clinical effective-
ness of platelet concentrates treated with riboflavin and ultravi-
olet light in plasma and in platelet additive solution. Vox Sang.
2016;110:244-52.

Reddy HL, Doane SK, Keil SD, Marschner S, Goodrich RP.
Development of a riboflavin and ultraviolet light-based device
to treat whole blood. Transfusion. 2013;53(Suppl 1):131s-6s.
Reikvam H, Marschner S, Apelseth TO, Goodrich R, Hervig T.
The Mirasol Pathogen Reduction Technology system and qual-
ity of platelets stored in platelet additive solution. Blood Trans-
fus. 2010;8:186-92.

Schubert P, Culibrk B, Karwal S, Serrano K, Levin E,
Bhakta, V, Sheffield, W, Goodrich, R, Devine, D. Whole blood
treated with riboflavin and ultraviolet light: quality assessment
of all blood components produced by the buffy coat method.
Transfusion. 2015;55:815-23.

Qadri SM, Chen D, Schubert P, Perruzza DL, Bhakta V,
Devine DV, et al. Pathogen inactivation by riboflavin and ultra-
violet light illumination accelerates the red blood cell storage
lesion and promotes eryptosis. Transfusion. 2017;57:661-73.
Marschner S, Fast LD, Baldwin WM 3rd, Slichter SIJ,
Goodrich RP. White blood cell inactivation after treatment
with riboflavin and ultraviolet light. Transfusion. 2010;50:
2489-98.

Asano H, Lee C-Y, Fox-Talbot K, Koh CM, Erdinc MM,
Marschner S, et al. Treatment with riboflavin and ultraviolet
light prevents alloimmunization to platelet transfusions and
cardiac transplants. Transplantation. 2007;84:1174-82.
Jackman RP, Muench MO, Heitman JW, Inglis HC, Law JP,
Marschner S, Immune modulation and lack of
alloimmunization following transfusion with pathogen-
reduced platelets in mice. Transfusion. 2013;53:2697-709.
Jackman RP, Muench MO, Inglis H, Heitman JW,
Marschner S, Goodrich RP, et al. Reduced MHC
alloimmunization and partial tolerance protection with patho-
gen reduction of whole blood. Transfusion. 2017;57:337-48.
Muench MO, Heitman JW, Inglis H, Fomin ME, Marschner S,
Goodrich RP, et al. Reduced alloimmunization in mice follow-
ing repeated transfusion with pathogen-reduced platelets.
Transfusion. 2016;56:1419-29.

U.D.o.H.a.H.S. Food and Drug Administration. Guidance for
industry and FDA review staff: collection of platelets by auto-
mated methods. Rockville, MD: Food and Drug Administra-
tion; 2007.

AuBuchon JP, Herschel L, Roger J. Further evaluation of a
new standard of efficacy for stored platelets. Transfusion. 2005;
45:1143-50.

Holme S, Heaton WA, Moroff G. Evaluation of platelet concen-
trates stored for 5 days with reduced plasma volume. Transfu-
sion. 1994;34:39-43.

et al.



= | TRANSFUSION

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

LUNDE ET AL.

Snyder EL. Effect of storage conditions on radiolabeling of
stored platelet concentrates. Transfusion. 1986;26:6-8.

Pidcoke HF, McFaul SJ, Ramasubramanian AK, Parida BK,
Mora AG, Fedyk CG, et al. Primary hemostatic capacity of
whole blood: a comprehensive analysis of pathogen reduction
and refrigeration effects over time. Transfusion. 2013;53(Suppl
1):137s-49s.

Spinella PC, Cap AP. Whole blood: back to the future. Curr
Opin Hematol. 2016;23:536-42.

Yazer MH, Glackin EM, Triulzi DJ, Alarcon LH, Murdock A,
Sperry J. The effect of stationary versus rocked storage of whole
blood on red blood cell damage and platelet function. Transfu-
sion. 2016;56:596-604.

Tonnetti L, Proctor MC, Reddy HL, Goodrich RP, Leiby DA.
Evaluation of the Mirasol pathogen [corrected] reduction tech-
nology system against Babesia microti in apheresis platelets
and plasma. Transfusion. 2010;50:1019-27.

Allain JP, Assennato SM, Osei EN, Owusu-Ofori AK,
Marschner S, Goodrich RP, et al. Characterization of post-
transfusion Plasmodium falciparum infection in semi-
immune nonparasitemic patients. Transfusion. 2016;56:
2374-83.

Allain JP, Owusu-Ofori AK, Assennato SM, Marschner S,
Goodrich RP, Owusu-Ofori S. Effect of Plasmodium
inactivation in whole blood on the incidence of blood
transfusion-transmitted malaria in endemic regions: the
African investigation of the Mirasol System (AIMS)
randomised controlled trial. Lancet. 2016;387:1753-61.

Cardo LJ, Salata J, Mendez J, Reddy H, Goodrich R. Pathogen
inactivation of Trypanosoma cruzi in plasma and platelet con-
centrates using riboflavin and ultraviolet light. Transfus Apher
Sci. 2007;37:131-7.

Keil SD, Bengrine A, Bowen R, Marschner S, Hovenga N,
Rouse L, et al. Inactivation of viruses in platelet and plasma
products using a riboflavin-and-UV-based photochemical treat-
ment. Transfusion. 2015;55:1736-44.

Keil SD, Hovenga N, Gilmour D, Marschner S, Goodrich R.
Treatment of platelet products with riboflavin and UV light:
effectiveness against high titer bacterial contamination. J Vis
Exp. 2015;102:€52820.

42.

43.

45.

46.

47.

48.

Owusu-Ofori S, Kusi J, Owusu-Ofori A, Freimanis G, Olver C,
Martinez CR, et al. Treatment of whole blood with riboflavin
and UV light: impact on malaria parasite viability and whole
blood storage. Shock. 2015;44(Suppl 1):33-8.

Tonnetti L, Thorp AM, Reddy HL, Keil SD, Goodrich RP,
Leiby DA. Evaluating pathogen reduction of Trypanosoma
cruzi with riboflavin and ultraviolet light for whole blood.
Transfusion. 2012;52:409-16.

Keil SD, Kiser P, Sullivan JJ, Kong AS, Reddy HL, Avery A,
et al. Inactivation of Plasmodium spp. in plasma and platelet
concentrates using riboflavin and ultraviolet light. Transfusion.
2013;53:2278-86.

Cancelas JA, Slichter SJ, Rugg N, Pratt PG, Nestheide S,
Corson J, et al. Red blood cells derived from whole blood
treated with riboflavin and ultraviolet light maintain adequate
survival in vivo after 21 days of storage. Transfusion. 2017;57:
1218-25.

Schubert P, Coupland D, Culibrk B, Goodrich RP, Devine DV.
Riboflavin and ultraviolet light treatment of platelets triggers
P38MAPK signaling: inhibition significantly improves in vitro
platelet quality after pathogen reduction treatment. Transfu-
sion. 2013;53:3164-73.

Schubert P, Culibrk B, Karwal S, Serrano K, Levin E, Yi QL,
Thiele, T, Greinacher, A, Marschner, S, Devine, DV. Altered
timing of riboflavin and ultraviolet light pathogen inactivation
improves platelet in vitro quality. Transfusion. 2017.57(8):
2026-2034.

Goodrich RP, Li J, Pieters H, Crookes R, Roodt J, Heyns A d P.
Correlation of in vitro platelet quality measurements with in vivo
platelet viability in human subjects. Vox Sang. 2006;90:279-85.

How to cite this article: Lunde THF, Hartson L,
Bailey SL, Hervig TA. In vitro characteristics and
in vivo platelet quality of whole blood treated with
riboflavin and UVA/UVB light and stored for 24
hours at room temperature. Transfusion. 2021;61:
S101-S110. https://doi.org/10.1111/trf. 16500



https://doi.org/10.1111/trf.16500

	In vitro characteristics and in vivo platelet quality of whole blood treated with riboflavin and UVA/UVB light and stored f...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study design
	2.2  Selection of participants
	2.3  Collection, storage, and sampling of whole blood
	2.4  Recovery and survival of platelets
	2.5  Study endpoints
	2.6  Pathogen reduction procedure
	2.7  Hematology and biochemical analysis
	2.8  Statistical analyses

	3  RESULTS
	3.1  Subject disposition and demographics
	3.1.1  In vitro study
	3.1.2  In vivo study

	3.2  Pathogen reduction procedure
	3.2.1  In vitro study
	3.2.2  In vivo study

	3.3  Safety

	4  DISCUSSION
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	REFERENCES


