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Transfusion of pooled buffy coat platelet components prepared with
photochemical pathogen inactivation treatment: the euroSPRITE trial

Dick van Rhensn, Hans Gulliksson; Jean-Pierre Cazenavs, Derwood Pamphilon, Per Ljungman, Harald Kliter, Hans Vermeij,
Mies Kappers-Klunne, Georgine de Greef, Michel Laforet, Bruno Lioure, Kathryn Davis, Stephane Marblie, Veronique Mayaudon,
Jocslyhe Flament, Maureen Conlan, Lity Lin, Peyton Metze!, Don Buchholz, and Laurence Corash

A nucleic acid-targeted ph
treatment (PCT) using amotosalen HC|
(S-59) and ultraviolet A (UVA) light was
devsfopéd to inactivate viruses, bacteria,
pr and leukocytes in p coms
ponents. We conducted a controlled, ran-
domized, double-biinded trial in thrombo-
cytoperniic patients requiring repeated
plateiet transfusions for up to 56 days of

{et comp stored for up to 5 days
before transfusion, More than 50% of the
PCT platelet components were stored for
4 to § days prior to transfusion. The mean
1-hour corrected count increment for up
to the first 8 test and reference transfu.
sions was not statistically significantly
different between treatment groups
(13 100 = 5400 vs 14 900 * 6200, P = ,11).

pretransfusion storage duration, and pa-
tient size were significant covariates
(P < .001), for posttransfusion platelet
counts. Clinical hemostasis, hemorrhagic
adverse. events, and overall ‘adverse
events were not different between the
treatment groups. Platelet components
prepared with PCT offer the potential to
further improve the safety of platelet trans-

support to evaluate the therapsutic effi- By [ongitudinalregression analysis forajl  fusion.using technology compatibie with

cacy and safety of platel pohents  transf

equal doses of test and current methods to prepare buffy coat

prepared with the buffy coat method us-  refersnce components did not differ sig-  platelet components. (Blood. 2003;101:
ing this path. ? P . A nificantly with respect to the 1-hour (95%  2426-2433)

total of 103 patients received one or more  confidence interval [CI}, —3.1t0 6.1 x . 10%
transfusions of either PCT test (311 trans- - L, P = .53) and 24-hour (95% CI, ~1.3 to

fusions) or ntional -ref (256 8.5 x 10%L, P=.19) posttransfusion . . g

t f 15) pooled, leukoreduced plate-- . platslet count. Platelet transfusion dose, .© 2003 by The American Society of Hematology
Introduction ~
Despite continued impro inp fusion donor ingand  of proliferation and ccmplete suppression of leukocyte cytokine
testing to detect viruses associated with i itted infec-  synthesis.!® :

tions, blood components continue to carry risk of infectious disease,
including bacteria.! Nucleic acid detection methods for HIV and
hepatitis C (HCV) have reduced the window period for mfecnous risk;

To utilize this teck gy in blood p pre ing, a
device consisting of a series of closed interconnected plashc
containers and a microprocessor-controlled UVA light source has

but may not elimi . iated HIV? or HCV i ions;’
fata] bacterial infe caused by f of platelet concentrates
continue to be reported.* To i u'nprove the safety Df plalelet and plasma

oo

1

a nucleic acid-targeted phe ®CT)
usmg the psoralen .compound amotosalen HCl (S-59) and long-
wavelength ultraviolet A (UVA) -light was déveloped - to inactivate
viruses, bacteria, and protozoa that may contaminate platelet and plasma
components.>® Preclinical studies have demonstrated inactivation of
more than 108 infectious HIV particles, more than 10° infectious

hepatitis. B (HBV).and HCV particies, and a broad spectrum of -

gram~p051t1ve and gram-negative bactena 578 Furthermore, this process
more than 10* g T cells with effective inhibition

been integrated into 2 systém for preparation of therapeutic doses
of platelets. To evaluate the therapeutic efficacy and safety of

platelet components prepared using this device, a randomized,’

controlled, double-blinded study was conducted on an intent-to-
treat (ITT) basis for patients who. required repeated platelet
transfusions during multiple periods of thrombocytopenia.

Patients and methods
Patients and s@udy design

Patients with ytopenia or receiving therapy expected to cause
thrombocytopenia requiring platelet fusion ( d i
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Netherlands; Erasmus Medical Center, Rotterdam, The Netherlands; Huddinge
University Hospital. Stockhoim, Sweden; Institute for Transfusion Science,
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threshold of < 20 X10° platelets/L) gave informed consent and were
randomized fo receive all required platelet transfusion support of the
assigned treatment type, either test or reference, for up to 56 days of
support. The inclusion criteria ‘specified 1l of patients 12 years or
older admitted for treatment of acute or chronic leukermia (acute nonlympho-
cytic leukemia [ANLL], acute lymphocytic leukemia [ALL), chronic
myelogenous leukemla [CML], chronic lymphocytic leukemia: [CLL), or
chronic ic leukemia {CMMLY]), lymph multipie my-
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products from 4, 5, or 6 whole blood coilections using the Optipress device
with top and bottom separation process, | platelet pooling
methods, and filtration leukoreduction. ! When feasible the number of buffy
coats used to create 8 reference pool at each center was the-same as that used
fortest pools. However, in one center (Bristol, United Kingdom), according
to standard procedures, 4. buffy coats were used for preparation of-
conventional platelet pools, compared with S for test pools. In 2 study
centers (R dam and Stockhoim) the platelet products were

efoma, myelodysplasia, solid tumors, and h poietic stem cell 1

d in approx) Jy 35% plasma and 65% platelet additive solution

tation. Patients with the following conditions at enrollment were excluded:
splenomegaly (> 18 ¢m),.history of immune thrombocytapenia, dissemi-
nated intravascular coaguldtion, acute surgical condition, history of alloim-
munization or refractoriness to platélet transfusion, pregnancy, or recent
treatment with psoralen UVA (PUVA) therapy. Patients were enrolled at
Bloodbank, Rotterdam, The Netherlands; Departments of Transfusi

(T-Sol; Baxter Healthcare Corporation, Lessines, Belgium).! In the other 2
centers (Bristot and Strasbourg) referenice platelet pools were suspended in
100% donor plasma. Reference platelet pools were stored for up to 5 days’
prior to transfusion and were y-irradiated per standard of care at time of
issue per specific patient requi for p ion of fusion-

iated graft host disease, Samples were obtained from reference

Medicine and H. , Huddi University Hospital, Stockholm,
Sweden; National Blood Service, Bristol, United Kingdom; and Etablisse-
ment Francais du Sang, Strasbourg, France. The study protocol was
approved and informed patient consent was obtained in accordance with
each study center’s independent éthics i The study was conducted
in accordance with European Council Directive 93/42/EEC, standard EN
540 1993, Good Clinical Practice Guidelines, International Committee on
Harmonization Guidelines, and the Declaration of Helsinki.

The ITT population consisted of patients who were randomized and
received at least one ion of test or ref platelet
after randomization. All plateiet transfusions were recorded. On-pratocol

platelet pools at.time of issue for transfusion ta measure platelet content,
pH, and bacterial culture. The targeted platelet content of reference pooled
components was 3.0 X 10! platelets.

Platelet transfusion

Generally, a single pooled platelet component was transfused. If a second
pooled piatelet product was transfused within 4 hours of completion of the
preceding platelet transfusion, the 2 pools were considered to be part of &
single platelet transfusion episode. Platelet counts were measured from 10
mmutes to 4 hours after platelet transfusion and from 18 to 24 hours after

to d the nominal l- and 24-hour platelet  count

transfusions- consisted of platelet pools prepared according to

i Off-p 1 i of platelet products. pre-
pared by methods other than those specified in the study protocol. When
platelet prod of the assigned type were unavailable, patients
were transfused with conventional platelet products (off-protocol transfu-
sions) according to the standard of care for each study-center. Off-protocol
platelet components were prepared by methods other than those specified in
the protocol (single-d pheresis and off-protocol random-d meth-
ods) and samples were not taken to measure platelet dose or for culture
bccause this was not smndard practice at the study centérs. Study centers
were i dto \an ad; mventory of study platelet products
to minimize off-p :'platelet

Primary care physicians ordered sll platelet transfusions either for
prophylaxis of bleeding or to treat active bleeding, per institutional standard

_ of care, without kniowledge of the patient’s. platelet treatment assxgnmem

increments, respectively.

Off-protoco! transfusions were given for the following indications:
acute surgicat conditions during which platelet count increments could not
be accurately measured; refractoriness to platelet transfusion (with evi-
dence of alloimmunization) requiring the use of single-donor human
leukocyte antigen (HLA) hed or
availability of on-protocol platelet products.

If a patient developed a temperature elevation of more than 2°C or more
than 1°C with rigors within 24 hours after platelet transfusion, a blood
culture was obtained and a reserved aliquot from the platelet component
was cultured, Bacterial isolates obtained from positive blood cultures and
pla(elel components were analyzed for idehtity to conﬁrm the dmgnusls of

After pl of the 56-day transfusion period, patients were
for an additional 28 days to record adverse events. Following completion of
this initial 84-day study period (cycle 1), patients were followed for need of
additional platelet support while the study was open, or approximately one
year, depending on study center. If additional platelet transfusion support
was required, patients were asked to reregister for a second S6-day
transfusion period and an additional .28-day adverse event surveillance
period (cycle 2). Cycle 2 was conducted identically to cycle 1, with the
same treah‘ncnl assignment for each patient.

. Platelet components

Test plateler concentrates were prepared at each center as pooled buffy coats
from 5 or 6 whole blood collections, using the Optipress device with top
and bottom separation (Baxter Healthcare Corporation, La Chatre, France)
and a platelet additive solution (InterSol; Baxter Healthcare Corporation,
Lessines, Belgium) resulting in 2 final plasma conceniration of approxi-
mately 35%." Pooled platelet concentrates were leukoreduced by filtration
liowed by ph hemical (PCT} with 150 wM- 8-59 and 3 J/cm?
Uva {Helinx Technology, Cerus Carp , Concord, CA) for
pathogen and leukocyte inactivation.5%% After PCT, pooled platelet oncen-
trates were stored forup to 5 days before transfusmn PCT was used in place
of v irradi for p of iated graft-versus-host
disease. ' Sampies were obtained from test platelet pools at time of issue for
transfusion to mieasure platelet content, pH, and bacterial culture. The
targeted platelet content of test pooled components was 3.0 X 10" platelets:
Refe platelet were p d'in with
standard operating procedures at each study cmtcr as pooled buffy-coa!

Lymph y antibody assays and assay 1or potential

. S-Ss—-rela(sd neoantigens

Sera were collected and analyzed for lymphacy ici ibodies at the .
Laboratory of Hist patibility and 1 Bloodbank Rotter-

dam, using an HLA-typed 60-ccll panel. Sera reactive with 20% or more of
cells irj the panel were defined as reactive sera,

Sera were collected at enrollment and every 2 weeks during both
transfusion cycles for d jon of i lobutin G (IgG) antibodi
directed against p ial 8-59; iated igens, Test and ref
group samples were analyzed, without knowledge of i
using a microtiter plate enzyme-linked immunosorbent assay (ELISA;
Cerus). Platelets from a pool of 12 donors were prepared with PCT or
usitreated, and § X 1% platelets per well served as tlie capture antigen. After
_ovemight incubation (2-8°C), plates were washed; blocked with 1gG-
depleted human serum; and test, negative control (pooled sera from $4
healthy donors), and positive control samples were added to the wells, Test
samples and negative control samples were diluted 1:5. Positive controls of
human anti-Plal! serum (Immucor, Norcross, GA) were used at low g 1:5)
and high (1:50) dilutions. Plates containing samples were incubated for 1
hour at 37°C and washed. Fe-specific rabbit antihuman IgG was added and
incubated, and plates were washed. H dish id jugated to
donkey antirabbit antibody was added and mcubated unbound conjugate:
was removed by washing. ‘Human.IgG bound to the target antigen was
detected by measuring absorbance (450 nm) generated by tetramethylbenzi.
dine substrate (Sigma-Aldrich, St Louis, MO). Samples were tested first
against PCT-treated plateléts, Samples that surpassed the cutoff value of the
assay (2 SD-beyond-the reference range mean) were evaluated further by

tied p ; and lack of <t
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absorbing with untreated platelets followed by repeat assay with PCT-
treated platelets. Samples' that remained positive after absorption with
untreated platelets were quantified for titer or relative concentration of 1gG.
Positive results for antibody to §-59 iated igen required an
optical density of 2 SD beyond the reference mean value for normal sera
with persistence following absorption with naive platelets. For positive
samples, the relative concentration of the anti-PCT antibody was estimated
by 2 methods. The assay was repeated with a trinitrophenol (TNP)-platelet/

.Statlstlcal methods
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difference in mean CCI of 2807, and a difference in mean count incre-
ment of 8.0 X 10%L between patients receiving test and reference plate-
let components,

3

Based on the TRAP experience, a majority of patients in this study were
expected to receive at least 8 platelet transfusions during the $6-day
fusion period. To mini the.effect of variable numbers of transfu-

goat anti-TNP/rabbit antigoat standard curve log
human anti-PCT/rabbit antihuman complex in the assay). After the
background subtraction from each format, the specific signal from the

to the PCT-platelev

sions, the mean 1- and 24-hour posttransfusion count increment and CCI
were computed for up to the first § platelet transfusions during the 56-day

human sample was quantified in terms of the amount of goat antibod
bound to TNP platelets yielding the same amount of signal. Also, positive
antibody samples were diluted to estimate a relative measure of antibody
titer. Two positive. control samples ining antiplatel tibodi
(HPA-1) were used to characterize the sensitivity of the assay. These
samples remained positive at a dilution of 1:4096. Quantitative 1gG assay
for these 2 samples using the TNP calibration standard indicated 1gG
concentrations of 9.8 ng/mL and 23,7 ng/mL for these 2 positive control sera.

Study endpoints

The 1-hour platelet count increment and the 1-hour corrected count
increment (CCT) were selected as coprimary endpoints because they are

used in clinical practice to evaluate the efficacy of platelet transfusion. CCI ,

was calculated using the platelet dose at time of issue for transfusion as
follows: CCI = [(P ion count — P, ion count) X Body
surface area (m*)¥ Platelet dose (X 10711). : .
Secondary study endpoints included the following parameters: the
count increment and CCI 24 hours after platelet transfusion, the number of
platelet transfusions during the period of platelet support, the interval
b n platelet fusions, clinical h
transfusion, the number.of red cell units transfised during the period of
platelet suppon, the proportion of patients with refractoriness to platelet
transfusion (defined as 2 successive 1-hour CCls < 5000), and the
propartion of patients with alloimmunization, defined as serologic conver-
sion of the lymphocytotoxicity assay. Specific transfusion-related adverse
events, i g scute fosion T platelet transfusion—
associated bacteremia, and all other adverse events were recorded, coded,
and summarized using the MedDRA (Medical Dictionary for Regulatory
Activities) preferred term synonym and the MedDRA system organ class.'?

Tudi

To determine the hemostatic efficacy of platelet transfusion, patients '

were evaluated within 6 hours before and for 6 hours after each platelet
transfusion to assess bleeding. Twelve potential bleeding sites were
evaluated by a blinded observer and assigned a score of 0 (no bieeding), 1
(minor bleeding), or 2 (major bleeding).”® The sites assessed were
cutaneous, nasal, oropharyngeal, gastrointestinal, genital, urinary, pulmo-
nary, retinal, and invasive sites (cathet P . trach Y,
surgical). For any bleeding site, if the severity grade was not recorded, the
missing grade was estimated using the average score for other sites. The
pre- and pos fusion h ic scores were p by ing the

is before and after platelet -

transfusion period and p by / test. Comparisons were according to
each patient’s randomized i

To analyze platelet count i for all i a step
linear regression mode! for longitudinal data using generalized estimating
equations was used for all 1- and 24-hour positransfusion platelet counts
during the $6-day transfusion period of each cycle.'s. Platelet transfusion
number served as the longitudinal variable to deal with the effect of
variation in the number of platelet transfusions among patients. The 1- and
24-hour posttransfusion platelet counts for all on-protocal transfusions
were compared for test and reference patients with transfusion number,
pretransfusion platelet count, platelet dose, average age of platelet concen-
trate, patient weight and height, and clinical site as covariates, The analysis
was done stepwise with backward elimination of variables for which P was
more than .05, with retention of treatment (PCT or no PCT) at each step.
Interactions with PCT for each significant covariate were added to the
reduced model, and the process was repeated,

Analyses of the secondary endpoints were based on the ITT population
with a significance leve! of .05 for the dary analyses. No adj
for multiplicity was made. -

Results

Patient pépula!ion

Between June 1998 and June 2000, 103 patients (52 test and 51
reference) received at least one study transfusion, More test
patients (83%) than reference patients (67%) completed cycle 1
(P = .06), and more test patients (10 of 52) than reference patients
(2 of 51) received transfusions during cycle. 2. This difference
resulted in a greater number of study observation days for test

ti than for refere (4081 vs 3633 days).

The groups were balanced with respect to primary diagnoses,
therapy, previous exposure to allogeneic blood products, and

“previous pregnancy (Table 1) and demographic characteristics

(Table 2). Baseline hematology and coagulation. profiles were

Table 1. Diseass, therapy, and previous allolm‘munlzauon exposure of patients

grades of the individual bleeding sites assessed before and afier cach

transfusion, The mean score for all patients within each treatment group
v sl

(test and refé was ed. In addition to peri

scores, the protocol required reporting of all hemorrhagic adverse evénts .

during the active transfusion period and during the period of active
surveillance. Hemorrhagic adverse events were graded for severity (nonse-
rious and serious). All red cell transfusions during the active platelet

ing platelet tr for thi yiop

Treatment group,
no. (%)

Test Refersnce.
An=52) (n=51)

Primary diagnbsis

period were asa g d of bleeding.

Statistical rationale for study design

The sample size and power calculations for this study were based on data
for patients enrolled in the Trial to Reduce Alloimmunization to Platelets
(TRAP) study.'* For 150 TRAP patients randomized to receive filtered
single-donor platelets, the standard deviation of the mean of the first 8 CCls
was 5532, and the standard deviation of the mean of the first 8 count
increments was 14.6 X 10%L. For the present study, using a .0S-level
2-sided test, a sample size of 100 provided a power of 80% to detect a

Acute leukernia . . - 28 (50) 24 (47}
H ietic tumor fetic sofid tumor 21(40) 19(37)
Other ’ 5{10) 8(16)

Therapy -

Bone mamow transplantation - 2(8) 1)
Peripheral blood stem cell transplantation -17(33) 18 {35}
Chemotherapy : ©.33(83) 32 (83)

Allglmmunization exposuret 46 (88) 44 (86)

There ware no statistical differences between groups (P > 05).

*Includes multipte myeloma, lymphoma, and Hodgkin lymphoma. .

“tPraviaus platelet or red-biood celt transfusion or, for women, previgus preg-
nancy.
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Table 2. p évpa!ien& # g platelet :

Treatment group, no. (%)

Test.n =52 . " Reference, n = 51

Sex, no. (%) -

Male . . 30¢(s8) 28 (55)

Female ’ 22142) 23 (45)
Age, mean = SO,y 486 % 14.1 6112 13.2
Weight, mean < SD, kg 73.56 £ 15.30 74.25 = 1569
Height, mean * §O, cm 173.09 = 8.70 17147 £ 8.19
BSA, mean * SD, m? g 1.88 = 0.23 188z 022

There wers no swﬂsﬂcalyd"ferences between groups (P> .05).

reflective of patients with neoplastic diseases requiring platelet
transfusion (Table 3), and not different between groups. While on
study, 102 patients (99%) were taking some form of anti-infective,
26 (25%) were exposed to amphotericin, 34 (33%) were treated
with anticoagulants, 4 (4%) received fibrinolytics, S (5%) received
antifibrinolytics, and 2 (2%) received nonsteroidal anti-inflamma-
tory drugs (NSAIDs). There were no differences in' concomitant

dications b en the treati
antifibrinolytics; all.5 patients on this therapy were among patients
assigned to reference transfusions (P = .03).

Platelet transfuslbns

During cycle 1, 311 (80%) of 390 test transfusions and 256 (90%)
0of 286 reference transfusions were prepared according to protocol.
Patients assigned to test received a mean of 7.5 + 5.8 platelet
transfusions, inclusive of on- and off-protoco! transfusions, com-
pared with 5.6 * 5.5 for reference patients (P.=".09). The average
oumber of on-protocol transfusions for test patients was 6.2 = 4.2,
compared with 5.0 *.4.8 for reference patients (P = 22). The
average platelet dose (10'") per transfusion of on-protocol transfu-
sions was lower for test transfusions than for reference transfusions
(3.9 = 1.0 vs 43 £ 1.2, P < .001). The mean total platelet dose of
on-protocol transfusions for both treatment groups was similar (test
mean total dose 22.3 X 10! vs reference mean total dose
212 X 10", P = .74); Two factors contributed to the reduced
platelet content of test platelet products; extra samples (10 mL)
required to measure §-59 Jevels and loss due to platelet retention

(20 mL) during transfers with use of a prototype treatment set. The

average storage duration of test pools was comparable 1o that of
reference pools (3.5+ 1.1 vs 3.4=1.2 -days; P.=.28), with
median pretransfusion sﬁoyége durations of 4 days for test and 3
days for reference platelet pools. Moreover, 22% of test pools and
20% of reference pools were transfused on the fifth day of storage.
All test and reference platelet products were ABO compatible.

groups except for the use of
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Platelet count increments 1 hour after transfusion

The mean 1-hour count increment for up to the first § transfusions .
was 27.5 £ 13.5 X 10% L for test patients and 35.8 + 23.3. for
reference patients. - The mean difference of 8.3 X 109 95%
confidence interval [CI], 0.9-15.8) was statistically significantly
different (P = .03). Both test and reference platelet count incre-
ments were within reported therapeutic ranges.'6!” When the
I-hour count increment was adjusted for differences in platelet
dose using the CCI, the mean I-hour CCI was not statistically
significantly different between treatment groups (13 100 % 5400
vs 14 900 * 6200, P = 11, with a mean difference of 1800 (95%
CI, ~400 to 4100). By longitudinal regression analysis for ‘all
transfusions, platelet concentrates prepared with and without PCT
did not differ significantly with respect to the 1-hour posttransfu-
sion platelet count in oycle 1 (P = .53). The estimated effect of
PCT treatment was a decrease in the I-hour posttransfusion platelet
count of 1.5 X 10°/L.(95% C1, ~3.1 10 6.1 X 10%L).

Covariates with a significant (P < ,05) effect on the posttransfu-
sion platelet count were, in d ding order of i de, as
follows: platelet dose (P < .001), storage duration of the platelet
concentrate prior to transfusion (P < ,001), pretransfusion platelet
count (P < .001), and patient weight (P < .001). None of these
covariates had significant interactions with PCT, including the
interaction term for PCT treatment and dose (P = 73). By
regression analysis for all transfusions, PCT-treated and non-PCT-
treated platelets gave comparable 1-hour posttransfusion platelet
counts for equal platelet doses in cycle 1 (Pigure 1). There were no
significant differences among study sites in the magnitude or the
direction of the effect of PCT on the count increment (P = .80}

Plateiet count increm 24 hours foll
the interval to the next platelat transfusion

g transfusion.and

The mean 24-hour posttransfusion count increment (for up to the
first 8 transfusions) for the test group (16.4 %.9.5 X 10°%/L) was .
less (P = .004) than for the reference group (24.7 < 17.6 X 10%/L).
The mean 24-hour posttransfusion CCT (for up to the first 8
transfusions) was.less (P = .02) for the test group (7400 % 5500)
than for-the reference group (10 600 * 7100). By longitudinal
regression analysis for all cycle 1 transfusions, PCT platelets and
non-PCT platelets did not differ significantly with respect to the
24-hour platelet count in cycle 1 (P = ,19), The estimated effect of
PCT treatment was a decrease in the 24-hour platelet count of
2.6 X 10°%/L (95% €1, = 1.3 to 6.5:X 10°/L). The same covariates :_
were significant as for the. analysis of 1-hour platelet count, and
none of these covariates had significant interactions with PCT. The

_.interaction term for PCT treatment and dose was not significant

Table 3. Baseline hcmalology and coagulation profiles of patients g platelet for thromb.
© h Treatment group
Test,n = 52 Referance, n « 51

No.* Value No* ’ Vatue
Hematocril, %, mean x SO 47 0.27 = 0.05 50 0.26 = 0.05
Platelst count, mean +.8D, X 1091 52 191 133 81 187 £131
Hemogtobin level, mean 'SD, gL 51 94,4 + 158 48 89.0 x 19.1
Fibrinogen level, mean = SD, g/L 47 4.673 £ 1.647 44 4724 £ 1.203
White blood.cell count, mediant, X 10%L . 52 0.350 5t 0.220
Prothrombin time, mean + SD, sec. N 28 128 + 4,1 . 26 1212 1.8
Partial thromboplastin ime, mean * SO, 'sec 50 ) 35.0 82 46 347292

There were no s!atlsﬂcalﬁlffsrsncas heﬁaan groups (P> 05).
“Number of patients with baseline vaiues.

1The median is given, rather than the mean, owing to @ nannormal distribution of valugs,

i~
oy
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Figure 1. Effect of piatelet dose on the 1-hour posttransfusion plateiet count
for test und platelet The 1-hour
sion count dose is shown for all on-protocol {test and
reference) wansfuslons In cycle 1. Equal doses of fest and reference platelet products
" resulted in p 1-hour count {P = .53) over the range of platelet
doses transiused. The regression lines for test and reference platelet transfusions
‘appesar superimposed.

(P =".31). By regression analysis for all transfusions, PCT-treated
and non-PCT-treated platelets gave comparable 24-hour posttrans-
fusion platelet counts for equal doses in cycle 1 (Figure 2).
Because 2 study centers suspended reference components in
100% plasma and 2 used a mixture of plasma and T-Sol, we
compared the 1-hour and _24-hour count increment and CCI
responses for this variable within the reference patient group. No

differences were observed, consistent with previously reported

experience using T-Sol-plasma mixtures.)®

There was no statistically significant difference between test
and reference populations with respect to duration of the first
period of platelet support or total duration of platelet support (Table
4). The average interval between platelet transfusions was com-
puted for the first period of platelet transfusion; because all patients
(n = 103) underwent the first period of platelet support, and it was
not significantly different for test and reference patients (Table 4).

. Posttransfusion platelet counts for patients enrolied in cycle 2

Because of the limited numbers of patients enrolled in cycle 2 (10
test and. 2 reference p ), data for f fusion platelet
counts were analyzed only by longitudinal regression, The treat-
ment groups did not differ significantly with respect to the {-hour
platelet count (P = .47). The estimated effect of PCT was an
increase in the |-hour platelet count of 4 X 1091 (95% CI, —7 to
" 14 X 10%/L). The interaction terms for PCT and dose were not

significant (P = .74). Similarly, the treatment groups did not differ .

significantly with respect to the 24-hour platelet count in cyclé.2
(P =.90), The estimated effect of PCT was an increase in the
platelet count of } X I0%L (95% CI, —10 to 11 X 10%L). PCT-
treated and non-PCT-treated platelets provided comparable 1- and
24-hour platelet counts for equal doses in cycle 2,

Bleeding, hemostatic scores, and red cell transfusions

Based on perity h i , 71% of test and
63% of reference patients had at least one episode of bleeding
before transfusion (P = .36). The incidence of bleeding events was
lower and similar in both groups after platelet transfusion (54% test

A3 Ffe

and 49% reference; P = .62). There were no significant dif
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reported hemorrhagic adverse events, a high and equal proportion
of patients had at least one hemorrhagic adverse event (Table 6).
The most frequent hemorrhagic adverse: events were epistaxis
(42% test vs 41% reference), gingival bleeding (17% test vs 12%
reference), injection site hemorrhage (17% test vs 6% reference),
purpura (15% test vs 14% reference), petechiae (13% test vs 16%
reference), and hematoma (13% test vs §% reference). Only 6% of

_patients in each group experienced severe hemorrhagic adverse

events (Table 6). Bleedmg also.was assessed indirectly by compar-
ing the number of red blood cell units transfused during the
transfusion periods. The average number of red blood cell units
transfused during the first period of platelet support in cycle 1
(test = 4.9 = 4.2, reference = 4.5+ 5.4) was not different be-

_ tween groups (P = 68). Additionally, the average number of red

cell units transfused during the 56 days of cycle 1 (test = 9.3 £ 5.3,
reference = 8.2 * 6.3) did not differ significantly between treat-
ment groups (P =.34). The average number of red blood cell units
transfused per day of platelet support during the first period of
platelet support in' cycle 1 (test = 0,41 * 0.35, refer-
ence = 0.56 = 0.68) did not differ significantly between treatment
groups (P = .16). ’

Refractoriness to platelet transfusion, lymphocytotoxic
antibodies, and antibodies to potential

$.59. lated r

gens

Patients were classified as refractory to platelet transfusions if the
1-hour CCI was less than 5000 for 2 successive transfusions. All

patients diagnosed as refractory were evaluated for lymphocyto-

toxic antibodies (LCAs). Seven patients—4 (8%) assigned to test
and 3 (6%).assigned to reference (P = 72)-—had at least one
refractory episode to platelet transfusion during the study. Of these
7 patients, 2 from the test group and 1 from the reference group

 tested positive for LCAs at baseline. One patient, who received test

platelet transfusions, had a positive LCA result at baseline and

remained refractory throughout cycle I. Two additional patients .

(one test and one reference) became LCA-positive during cycle 1.
One refractory patient in each group remained LCA-negative. No
patient had confirmed antibodies directed against p ial S-59-
related platelet neoantigens.

o Test
& Reterence
P=0.19

100

8
'

Count Incremant 10°A
©
L

S0
1 4 5 1]
Dose x 10" platelots
Figure 2, Effect of platelet dose on the 24-hour posttransfusion platelet count

in hemostatic scores between test and reference patients either
beforé or after transfusion, and average hemostatic scores were
lower after transfusion in'both groups (Table 5). When hemostasis
during the entire fi period was d on the basis of

" resulted in 24-hour count

for test and platelat The 24-hour
ston countincrement vs pletelet transtusion dose is shown for alt on-protocol {test and
reference) ransfusions in cycle 1. Equal doses of test and reference platelet producis
ir (P = .19) ovar the range of platslet
doses fransfused. Tha regression lines for test and reference plalelal transfusions
appear-supefimposed. .
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Table 4. Yotal duration of platelet support, duration within each period of platelet support, and transfusion intervai incycie 1

Treatment group

Test (n = 52)

Reference (n = 51). I3

Total duration of platelet support, mean = S0, d 152 £ 11.2 ) 12.7+ 124 . . 22

Duration of platefet support by period withir cycle 1, medn * SD. d ) .

Period 1 (no. uipauenui) 1.7 £ 9.5(52) 101 £ 1.7 (81) =45

Period 2 (na. of patienits} * 7.5+ 7.2(22) 80x79(14) N :
Pariod 3 (no. of patlents) 15.0 (1) 502 69(3) )

Time between transfusions during first period of platelet support, mean * SO, d T 30=z123 . 34121 ) R k]

All transfusions-for the ITT population were recorded during the $6-day transfusion pariod. The periot of platelet suppon was. defined as the number of days from the first
study transfusion to the last platalet transfusion. If an interval of 7 or more days without platelet transfusions occurrad, the (ast piatelet transfusion befare the interval with no
platelel transfusion was treated as the last platelet transfusion for that period of support. If platetet transfusions were resumed, the length of subsequent perieds of platelat
support was added to the first period of platelet support to determina the tatal period of platelet support during the 5B-day transfusion cycls. Thus patients could have muitiple

psrlods of platelet transfuslon during a 56-day cycle.

Acute transfusion reag:tlons and other adverse events

(All patients were evaluated following platelet transfusion for

transfusion-related symp and signs. Posttransfusion events
classified as. acute transfusion reactions included - fever, chills,
nausea, skin rash, urticaria, bronchospasm, tachycardia, hypoten-
sion, hypertension, hemoglobinuria, hemolysis, and change in vital
signs within 6 hours following platelet transfusion. In cycle 1, 6%
of test transfusions were associated with acute reactions, compared
with 5% of reference pl\atelet transfusions (P = 61),

A total of 147 types of adverse events were reported in 5% or
more of the patient population evaluated during cycle 1 and cycle 2.
Overall, there were no differences in the incidence of adverse
events by system organ class between the 2 treatment groups.
Serious adverse events were reported in 14 (27%) patients random-
ized to the test platelet treatment group and in 13 (25%) patients
randomized to the reference platelet group. Adverse events re-

ported: as related to -platelet transfusion were not statistically,

significantly different befween the groups (P =.20). No study
transfusions d ed fransfusion- iated bacteremia. Four

" test patients and 5 reference patients died while on study. No deaths

were related to study transfusions,

‘Discussion

- The duration of platelet support and the demographic characteris-
tics of the patient population in this study provided a meaningful

transfusion experience 1o evaluate the efficacy of platelet compo-
nents -prepared with a pathogen inactivation progess. This study
used pooled random-donor platelets prepared with the buffy coat
process, a methodglogy commonly used in Europe.!? Therapeutic
platelet doses of test and reference products were pooled, filtered to
reduce; leukocyte content, and stored.for up to 5 days prior to

transfusion. Previous studies have shown that buffy coat platelets.

Table 5. Pre- and posttransfusion hemostatic scores* In cycle 1

and platelets prepared by the platelet-rich-plasma (PRP) process
provided. similar 1- and 24-hour count increments.?® Similar
observations have been reported for platelets collected by apheresis
and suspended in 100% plasma.?! In addition, we, and others have
observed that reference platelets suspended in 100% plasma and in
mixtures of 35% plasma and-65% platelet additive solution (T-Sol)

Table 6. Hemorrhagic adverse events by system organ ciass in cycle 1

‘Test Reference
{n =~ 52), no. (%) (n = 51), no. (%)

Systern organ class Totat Severs Total ¢ Severg

Any hemorrhagic event T4y 3(8) 38(79) 3(8)

Eve disorders. 7013) 1(2) 0.(0) 0 (0}

Eye hemorrhage 3(6) S o) 0(0) 0(0)

Retinal hemorthage 3(6) 1(2) 0{0) 0 (0}

Gastrointestinal disorders 18 (38) 0{0) 14 (27) 1)

Gingival bleeding 9(17) . 00} 6 (12) a6 ()

Rectal blesding 4{8) 0{0) 1(2) )
Gastrointestinal

hemorrhage L 3(6) 0(0) 5(10) 1(2)

Genera! disorders and
adminilstration site

Treatmént group

Test Reference
{n=52) {n=S53) P
Pratrar;sfuslun score : 043 * 0.46 045 = 0.57 84
Posttransfusion score 0.28 £ 0.39 0.30 = 0.43 - 81

Twelve potential blosding sltes were evaluated by 8 biinded observer and
assigned a score of 0 {no bleeding), 1 (minor bleading), or 2 (major bleeding). The
pre- and postiransfusion hemostatic scoras for each transfusion were computed by
summing lhn gndes of the individual biseding sites before and after each transfu-
sion.

“Mean £ §0.

conditions . 11(21) 00 3(6) a0
Injection site hemorrhage 9(17) o) . 3(8) 0(0)
Investigations 8 (17) 0(0) 7(14) 0{0).
Hematuria 7(13) 0(0) 6(12) 0.(0}
Respiratory, thoracic, and . h
madiastinal dlsorders 2448 © 1{2) 21(41) 0(0}
Epistaxis ’ L2249 1(2) 21 {41} 0{0)
Hemoptysis §(12) .. -0(0) 2(4) 0(0)
$kin and subcutansous . .
tissue disorders 19(37) - 0(0) 15(29) 0(0)
Purpura 8(15) e 7018 0(0) "
Petochias CT(1y) 0(0) 8(16) 010)
Ecchymosis - 3(8) o{0) 0(0) 00
Surgical ang medical R
pracadure 3() 0(0) 1(2) 0'(0).
Puastoperative hemorri'\age 38 0(0) (0} 0(0)
Vascular disarders 7(13) 0(0) 4(8) o(0)
e 7(13) 0(0) 41(8) 0(0)

The numbers’ of patients with hemorrhagic adverse evenits with 8 {frequency of
5% or highet are listed for system organ class and for preferred terms within each
system organ class, Within some system organ classes individual events (terms)
occurred with a frequency of less than 5%; these were not listed but were captured
within the system organ class. Some patients had more than one typa of hémorrhagic
event within a system organ class. The propartians (%) were compared by x? tasts to
detenmine whether statistical diferences were present batween the treatment
groups. The proportion of severe hemormhagic adverse events is indicated sepa;
rately. Mild and moderate adverse events did not require specific treatment interven.
tions. Severe adverse events required freatment intetvantiont and change in patient

26

activity status. There were no statistical differances (P > .03) between the treatment

groups with respect to the Incidence of any hemorrhagic adverse events.
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provided similar count increments and CCls.'8 PRP platelets are
stored in'100% donor plasma as individual concentrates rathier than
as pools in a m\xhxre of plasma with pla&e\ei addmve solution.
Therefore, PRP platelets prepared with p for

pathogen mactlvauon may potentialiy demonstrate differences in
cllmcal efﬁcacy Recently we reported preliminary data from a study of
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use of additional buffy coats to prepare therapeutic doses of PCT
platelets, 3 Importantly, the resp to test and refs platelet
concentrates were comparable over the range of platelet doses used
in clinical practice, and average test and reference 1- and 24-hour
count increment and CCI were within previously reported ranges
for similar patient populations.'®!726 In -comparison with other
recent studies examining the effect of platelet dose on the interval
to the next transfusion,'”® test. platelets in the present study

gl llected by apheresxs, suspended in ‘platelet
. addmve soluhcn and prepared with photock thogen inactiva-
tion.® This study demonslmted that smgle~donor PCT lets were

equivalent to conventional p forpr ion and tr of
1eint

d intervals within reported ranges
The mean mumber of on- protocol transfusions and the total dose of

bleeding in severely thrombocytopenic patients receiving p

latel fused during the 56-day transfusion period were higher in

platelet transfusions. However, average 1- and 24-hour platelet
count increments were significantly lower in patients supported
with single-donor PCT platelets.” Thus, different processing meth-
ods may result in differences in posttransfusion count increments,

The present study was designed with sufficient power to detect
potentially relevant clinical differences in count increments be-
tween PCT and conventional platelets.. Posttransfusion count
increments are surrogate measures of platelet transfusion efficacy
used - in clinical practice. There are no established standards
defining an adequate response to platelet transfusion; however,
there is general recognition that a I-hour CCI of 7500 or more

- constitutes an adequate response.?® Earlier studies of the response
to platelet transfusion demonstrated that multiple covariate factors
affect the response to platelet transfusion. 3¢ In addition, the count
increment response decreases with multiple transfusions, even in
nonalloimmunized patients?’; thus comparison of average count
increment values for patients receiving varying numbers of transfu-
sions may not be sufficiently robust. For this reason, we limited the
analysis of average count increment and CCI values to the first 8
transfusions, since most patiénts were expected to receive at least 8
wransfusions. Furthermore, since the CCI is a ratio measure that
incorporates. platelet dose and patient size, both recognized to
affect count increment responses, we used linear regression analy-
sis with count increment as the dependent variable to assess,
independently, the effect of platelet dose and patient size among
other potential factors, including the number of platelet transfu-
sions used as the longitudinal variable.

Analysis of the 1- and 24-hour posttransfusion platelet counts
for all on-protocol study transfusions by longitudinal regression
analysis demonstrated no statistically significant effects of PCT on
posttransfusion platelet counts. As expected, the platelet dose, age
of the platelet component, prefransfusion platelet count, and patient
'size were highly significant covariate factors for the posttransfu-
sion platelet count and thus-the platelet count increment. Although
the doses of test and reference platelets were statistically signifi-
cantly different, both preparations provided doses sufficient for
support of thrombocytopenic patients. In 3 of 4 study centers the
same numbers of buffy coats were used to produce pooled platelet
doses of test and reference products, In one study center, to comply
with standard operating procedures, reference pools could be
produced from only 4-buffy coats, while test pools were composed
“of 5 buffy coats. Using linear regression analysis, we examined the
effect of dose “on count increment response, since platelet doses
were determined at time of transfusion for both types of platelets.

"This analysis confirmed that equal doses of test and reference

the test group; however, this difference was partly accounted for by the
higher rate of patient withdrawal from the reference group (10 patients

vs § patients), resulting in more days of thrombocytopenia in the test .

group. Withdrawal most frequently was due to enrollment in a stem celt
transplantation protocol for additional therapy that did not allow for use
of experimental platelet components. These patients were withdrawn
from this study by their primary care physicians who remained blinded
to platelet fusion group assig The nc dom distribution
between groups appeared to be a chance event, When the number of
transfusions during the first period of platelet support was analyzed for
patients who were not withdrawn from the study {43 test and 34
reference patients), the'average number of platelet transfusions was 5.5

and 4.1 (P = .25), respectively. For patients who required a second -

period of platelet support and compileted cycle 1, the average number of
platelet fusi for that populdtion (19 test and 12 reference
patients) was 3.5 and 4.4, respectively.

Platelet transfusions are given to prevent and to treat bleeding
associated with thrombocytopenia. In this study, assessment of
hemostasis Utilized integration of the pre- and postiransfusion
hemostatic evaluations, all reported hemorrhagic adverse events,
and red cell use during the entire period of platelet support.
Although at least one hemorrhagic adverse event was observed in
the majority of patients during the observation period, only 3
patients in the test group and 3 patients in the reference group
experienced severe hemorthagic adverse events. One test patient

) and 2 reference patients had cerebral hemorrhage resulting in death

during_the postiransfusion period. Five patients in the reference
group and no patients in the test group received antifibrinolytics
during the study. This class of medications could have resulted in
reduced bleeding in these S patients, however, no clear trend for

‘reduced bleeding was ‘detected in this subset of patients. These

patients were .included in the analysis for all“reference group
patients, A recent study of single-donor platelets prepared with
PCT and conventional single-donor platelets demonstrated equiva-
lence for prevention and treatment of bleeding during profound
thrombocytopenia requiring repeated platelet transfusion.??

The present study represents an evaluation of platelet transfu-
sion support in a patient population at high risk for bleeding, The
data support the conclusion that pooled buffy-coat platelet compo-
nents treated with the S-59 pathogen inactivation device and stored
for up to 5 days were comparable to conventional platelet
components for transfusion support of thrombocytopenic patients.
Of note, a substantial proportion of both types of platelet products
were stored for 4 or more days before transfusion. In this study, the
safety profile 'of PCT platelets was not different from that of

platelets provided comparahle 1= and 24-hour count i
Despite platelet losses of approximately 10% due to the PCT

. process, the average platelet dose of test product pools was well
above 3.0 X 10", a dose comimonly recognized as sufficient for
transfusion support.?? With an integrated processing set, currently
observed losses of approximately 8% are not expected to require

conventional platelet components; however, the scope of our study

was small. Since it is not feasible to definitively evaluate the safety *

of PCT platelets in pediatric or pregnant patients during a clinical
trial, we conducted preclinical safety studies with pregnant and
neonatal animals to address these issues. We detected no toxicity in
response to transfusion of $-59 or PCT plasma in these animal
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_populations.?! Furthermore, in a carcinogenicity study using mice

heterozygous for the pS3 mutation, S-59 was not carcinogenic at
1000-times the clinical exposure.3! ) )
Previously reported: studies ‘have demonstrated that the PCT
technology provides robust inactivation of viruses, bacteria, and
leukocytes in platelet components.>3? Based on this clinical trial,
pooled platelet components prepared with PCT and stored for up to
5 days offer the potential to reduce transfusion-associated infec-
tions and inactivate residual contaminating leukocytes using a
processing system that is compatible with the current method of

preparing therapeutic doses of buffy coat platelets,
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Transfusion of pooled buffy coat platelet components prepared with
photochemical pathogen inactivation treatment: the euroSPRITE trial
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LTRESNTVS ¢ fUMTR S M0 0ReME B 570w, fMER & m ik
HAICRIEL TV D3 BENOBE YA L2, MBS LURAORBLEENL LT, 4
BY T VAR THET T MUV EBE - (S59) LRERKIMEA (UVA) 2RV

Btk —5y b T BRMBALRE (PCT) SHERE L 5, MERRRTH, 105

BLEDHIV DA LA, 105 BLEDBEHE B B & (HBV) $X UG HCY v VAR, L#
BOY 5 ABEER XU 7 AR ERELT 52 LRHLALSATNS 578, &5
iZ. PCT i3, 105{BLLEDRHE THIREFIELL, MM DROAET S L L bic. &

CMERIZEBY A Pb A VERPELITMET B o0, -

SOHRZAENAOARIHAT 5, —EOTIRF WAy SRBRLED

BEREBE, v A 7 aF ot v +EiE0 UVA HEH LA 2 EES. 8/ h/MEOoSR
VAT AL LTEA L, ZORBERVCTHR LI MVENFIOBRSRE L OB

?&?:Wﬁfé et HVERVECEEORMTOMREL RV ETLERHDRE LR

%L UT, intenttotreat (ITT) BRATICE B T 0¥ ML EERLBRB 2 M L1,

| BEBLURE
BERBLURET VA L

ﬂnd\*ﬁﬁﬂ)ﬁ EREL TV ERM/MEBSECREICZY 5 5EREZITTEY, s
B A LB T 5% (RLOWRRILE 20 x 1001 5H) 25A v 7r—hkal

T M ERIB LI, EHRE S LT LB MR T BB MR BV BB S |
SRAMEZ BV BRI S 25 KB D 1T, R 56 B MO XRMERT -1, BRE
TIZIS, RIS BH BN (BRI L M B M (ANLL), B Y St 6 0
(ALL), StERESIEENE (CML), 1BH Y v \MERA (CLL). BiEEMREa D

B (CMML)], ) > 5, $REAHE, BHEVRS L CERMEORE, 2ol

RBBMBHOEDARL TV 12 BELEOBELRAANS & S HE L, BEREIC
BOZMIHS LB, ARRAEDSRALLE 1) BB (- 18cm). 2) SEHEH
INERPEORERE, 8) BWELENEE, 1 SHOANNRA, 5 L MEHh T
BRAMREE - HRIRIBOBER. 6) SRS, 7) ¥4 0 5 L UVA (PUVA) BIAE,

- BEBRER. KR (9 yTAF b +F¥), Huddinge University Hospital
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@ Departments of Transfusion Medicine énd Hematology (R by ZHEN b, RATx—
T National Blood Service (7)) & ki, 35[H), Etablissement Francais du Sang
(R RFAT—A, 752 R) Thok, BREMHEBOARS L VAES ORI,
ARBEROBREEEASOBAICHE > T, ARBI, KHES 034UEEC, K
JNHHE EN 540 1093, EREDHERRROEEOLE (GCP), B¥ EU EES AR
EBRSHE (ICH) #1 K54 08 LG~ BRI THTbIIE,

ITT&ER, 525 MEESR, REPDT L F MU ICRB N IMTEER S 72 b5 B
IMEREEORME 1 BN LR 2 BE TRA Lk, T~TOM/ MRG0 R LE, &
BREBHEHFISEET D (on-protocol) #m & ik, BEEHIEET S FETANSLA

T AMMRBEIOBS & Lz, BRERHEFICES LRV (off-protocol) Hifl & . -

BREAHESIHE S1TL BLUAD I TN S N iMERAI OB & L1, 819
1 S RIAED I MERAN R TS R o B I, SRR IR OBNEEI >
T, RROMESFE L L (SREGHESICHE LAV RL), BREGHTRC
S LAV IMERA L, BRERHEEICRES AT UADKE (8 K0
77:vaxxlvﬁﬁiﬁﬁﬂéuﬁéb&wﬁyiAF%—%%Dtﬁ&iK;D
ARSI LT, LMRRLESBORER £ HERRERDY > 7ARRIL, BB
BROBAEE & LT bR T A a i, B LAaboT, RBERICE, B8

EABERICHA L2 MR IR R NRIC AR B 1), R AVERAIOEEE

CFOHRT DX SR,

HI LB % P bt R OISR Ot MERIMIT R T, EHES, BEOLREBLO
B E R L RVRIET, BROBEEEIME > TR L, 56 AMOBMMMIETH, &
bic 28 AMT= 5 — LASFRERALE, 0RO 84 BMORRIE (5147
L) BT, RRAEERE IR 1 EM (RBERECRE) 1, B0 MM X
BXRBEOLEMRIC OV TAE 2 BHMRE L, h/VMRBOSTREEE SLICLEE L
RFICE, 2EBOROMN (56 BM) LTOROAEERMEMM (28 AM) (B2
HAIN) KEBETDEOBRUE, B2 I AVLE 1 F A AL ARICERL, &
BERE 14120 EAUREBICH ) HiT k.

A

B/ MBI, SHIRITT, 5 ¥ 7212 6 ASDLMA S top and bottom HIC £ 5
MKy EESEE OptiPress (Baxter Healthcare Corporation, 7 + Yy b, TTVA) B
AWTT— A7 g —a— h  HE 1 AR (InterSol - Baxter Healthcare

* Corporation, Li—X, ~A%—) EHN - WBL. mEORKBERR 35%0T—1
AMREER L Uk 1, P UMERERE, ABIC L B SmIRRES, A S59

(150 pM) L3 E UVA (3 J/em?) B4t (Helinx ; Cerus Corporation. # Y 7%
A=Tara—R) ok 30 F0E, BEMERT B XU BMEREFRER LUK 89, PCT

%OF M RBEIRE, Wik TRE S BIRE L, PCT 12, BOSBMANEE

FEOFHE B L LT BR ORI ICER Lk 10, R /MR — L 4 8l B ic g+
5%‘mmﬁﬁxipr@Mﬁ%%iﬁﬂ%ﬁﬁ&ﬁ%@%?fw%&mLtumﬁm
AN TN BRI 3.0 x 104 B THh o7z, .

SRUMRREIR I, & RBEROEEREFIREICHEST, 4.5 $26 AS0Lh
25 top and bottom I K B MK HEEE OptiPress # A TH~AAT 4 —a—h ¥

MG, EROFER LD R E T~V L, BhERESBICLYRELEL B, TETH

HIZ, FRUMET — v S RAIMET — A DRBI L, BRI ARSI D7 =2

D= REAVE LU, LR (7Y R b, KE) TH, 8R0S~ A ORBICHE,
BEFIRECES> TLARDOAT 4 —a— b E2ERLL—F, #RIVMIT— A ORRI
S ARDAT 4—a= ML, $h 2 B (HyFAFABLUR by 2k

NB) Tl ﬁﬁﬁ@’l‘*ﬁﬁgﬂﬁﬁﬁﬁli\ M3 & d/ MR BRI V(T'Sol ; Baxter Healthcare
Corporation, L'¥—X, <L) 0 35% : 65%BOME MM LN 1, o 2 ik (7
YA PABLTA BT 2T =) Tht, SR MESFIC I 100% K —mig 2 A L L,

RBMMET A ORMATRFHEIIRE S B L L, WL ST, Bl A

ﬁ?ﬁiﬁb?’%@f:b%g&W[ﬁ’?éﬂfi%ﬁ“fﬂi\ BRI IZYR B BBE UTe, Bl MR
—NEEMBIEET AE, MR, pH ORERBLUHERERERAOY 1 e
BERUE, RBAME 7~ O BER/MIEIL 3.0 % 0B TH o7,

R \ :
T MNRRAER, 18y FEEh L, fUMRBLOTET % 4 BRILLPICK D
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TN AAVERAIE BN LEBE, T 0 2 EOBME 1 EOmMIBL & HR L, 0
WREE /MRS 10 Y% ~4 FER% L . 18~24 BRI L. £hZNEN 1 %
£ 24 WM (BB OhMEENEOR mmnu

%ﬁ%ﬁ%@%uﬁéb&wmmm‘&@%ﬁﬂﬁbht:%&@%ﬂ%ﬁéfmm&
ﬁm&ﬁE%KME?%&w%é\m¢ﬁ%m*ﬁ%%(Eﬁf%%b)fi—F+~[t
bERRAR (HLA) EEDARIEMDT] SEOLIMIEEAT 5 LEH 5BE
BREHESICEAT B VRN DB BT+ 5 288,

| hMERRE 24 BRMAIC 2°C 2B LR, 5BULEEREH 10 2L

BREAZFLLES, MESEERETSH & & bIT, B AV EE D 54y
LIty PN DRRREL T, MRS Th> L BB, M L iV
RADLAMENEBROA—ELHNTH LIS LY, Wik SHEE LY BUT R
L,

Y R REBRRET v €A 368 LU S-59 WEHAFHREOT v A
U URBIEERAESY R OMIEZER L, Rotterdam MiKRTD Laboratory of

Histocompatibility and Immuinogenetics (2T, HLA BIAtH & 572/ S /L4818 60 FME

FRVNTAH Uiz, 20%E0ED S5 LAIIE BAS Ui ik &, Btemis & s L, -

S-59 BEMHRICHT 250K/ 7 ) v G (gQ) 2T Al d, RERHS L UTR
A 2RO 2 EREI R AR U, HIREES LU BROREL, RSHHSY
SRVEMT T, v 7854 5 =7 L— b AL BRRE S %A MR (ELISA: Cerus)

XD LI, MIEHRE LT, KF—7—1 (12 A%) BROMIMEE PCT 48%

F I IERAEORIET, 1 72 o0& 5x 108 ETSHE L, 7 L— ME—Bef %=
Nz (2~8C) %, BEL, b IgGREMETT Ry RS Uik, MR,
RSV TR (R 1 —54 A BEIR L 7 Vi) 3% M BRI 7 = vic
MUK, BRBES S CRIEREREI 15 KBERLCAVE, BHEE Lkt b
# Plal i (Immucor. 3 —97H/~783) 1, ERRER (1:5) BI0HE
CBRER (1:50) THEA LR, BELTMLE L MEZTCT IEMS V% an—s

Vi, B LI, FoBRBHTYFHE b IgG 2RIE, 4V Fa~—Ya v Ll
R—RTFS vy VaNtEY Y —F¥ (HRP) #E&u AU FRELZEML, A ¥ =

Nt Ukt O URMore HRP BOREEESRE L, MORRICES L
£ Mg ik, HRP EHTHET b5 A FA~ UV (Sigma-Aldrich, T X~ fiit>

MA ) DEEFHERAE (450 nm) THIET S - Lick DRI LT, REERA,

PCT BT E R L LTRB UL, 7y e 4 DAy A7 iEE EE otk (&
BT & b LTI RSO 280 LB B8) 13, EICHMES 57, POT R
BRI TR S 7% 1T PCT AMEIUIME & Fv CERBRE T o7, PCT ARALEMN
HORB % bIBETH S RN, PUFEET 196 DRABREZERILLE, 559 8
EOFHATICET HH B DME P, POT RLERME B RIRIR & LI &HTH,
PRI B CER R TR BN 45 2 58 L ORI 2 0L s
SRBA L Uk, BHREICSVTIX, % PCT AEORMBES 2 IS L ) #E L,

Fyodit. MU= kw7 =/ SA (INP) fUMR/ ¥4 TNP Hifk/ 79 ¥4y %%

f (K7 vt 4 O POT MEMUIME /& FE POT b/ 74 ¥H e Bt & 0
$7 Y FOT v A) OREREAVERETRIEUT oK, 747y bibs
SPIUY KERUER, b MRADRRSESE, §LOBEOES LRSS TN
BMERA Y R RO EE L, B, HEBMOBKE R, HEGOHHEL

HEE LT, Tl MRS (HPA-L) & EUBMNERE2PIEAVT, 7y e/ BEER

BLl, IhbOBEREIZHRER 14,096 THHETH -7, TNP %EEIEE@& L
t»hBZmWGEEW@GT/tKﬂE\yﬂaﬁﬁﬁﬁmﬁZW@kGﬁEHQS
ngmL BER23.7 ng/mL THDH Z &Rz,

RBOTY FEA Vb

BARSI BV TR ORREEAE AN TS T Eib, Sl | MEORD

N *ﬁiﬁbﬂﬁk LU 1 E#Faﬁ?’ﬁﬁﬁIEJm/J g (CCH @2 IEE BEE=UF Ay

k& Lk, CCIH, @motbmﬁ@ﬁk@ibnmmw&%i%mwr &Tki@%

UK CCI= (Wit MR~ ﬁé)ﬂn*‘lﬂnfl\’rﬁﬁ)x FREM (m?) VMRS (<

10-1),

RRBROBIKT . FRA 2 ME. ROAT A—F & Uk : /MR8 24 BE% O @A
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RIS O COL, L/ MERILIC B SRS o0 f MR E S, /M0

W, B ATG DBERAY7Z 1k AREE, /MRS & 5 SRFARIEAIAT B S N R IR

BATER, fUMRBII RISRIE & 72 o 2B E ORISR 1 %O CCI 2% 2 E#ET 5,000
KRMLRSTHE LER), BEREARL (U L SREEERB CHABENRD b
HELER) LEREOHE, HoRBLICBET SAEER (BHEBORT, /MR
Wihic X ZEOER E) BEOD 5O EEERLERL, MedDRA (EESHHE
#) OEAFBLCBEUAYEEBNTI— KL B Lz 12,

m/MERMO AR EZHET S0, SH/MIBLOMKENEh 6 REUNICAE

PEEL, HEPHUELL, HLOBETARS S 12 HBUE FRL SRR THML, 0

(HfiZz L), 1 (PEOHM) E£7iE 2 (BEOHM) TRALE 18 HMEFEMLNE, -

K. B, DEEEE, B, AR, RE. M, BEBLUREEL (PT—TA. B
P, REGM, FH) & Ui, BELS L— FIRE SRR MOS0 T,
HREOLHR 27 B TREY L— FERELL, BOMEOLEORER 271, &
HILNTEICIVE LI« OIIEMI O 7 L— N2 A3T5 2 L 1o X D ER LI, SR5R
| RBEBIUNER) AOLBEOTHATEEMLL, BREEHES TR, B
 MEOLORER 3T OiEh, BRMRGES ECRERRBICRE L < TOM
 EERLEETRLOMELL, MANAEFRIEEE GEBLER EAELL
L MER IR KT & A T ORMARE & il DRI & LTRR LT,

BB A L DR REVIRI

ERR DFE B $ds K ORI, Trial to Reduce .Alloimmunization to Platelets
(TRAP) BBOBBEETHLNLT —FICESEHH L 14, TRAP RRIZHVT

B B — RO B IR E f/MRIBIEIC 5 V¥ MES R 8 150 #ICR, 1~8 [
B OBI%ICB T CCI OIEMRE 5,532, 1~8 [E B 08m ik iz 551 % Tl /MR
B DBIFRIE 146 x 1091 Th >Tc, ARBTI, AEA 0.05 DEIAEE AL
T, BB - RBEM TORY OCI D 2,807 # & Ui MERME D 80 x 1091
F, RHD B0%TRIETE BEMSIT 100 5l Bl SN, '

| EmEE

TRAP RROBRICESE | ARBROBEOKSKIL. 56 5 MoBMMBEBIC 8 @ E
DEMRBILERST SN B L FRENL, BIEKOEAZORELERT 55, Bl
1 FERG3 L U 24 FERA T DT /MRS X U CCLidy 56 B M o #Mic i
FENI 1~8E B ORM L EFM 4 LTEE L, (REI L D B LT, 8L, &4
EWRT L H ML SRR EENC S T 12,

SR BB AR & LT fL/MRSEANK (56 B MOERIMY A 2 VIR L 280 0

RS & X 24 & DIUIVIEO) DA, ~RACERFBRIC L BRMT —5 0

RF v VA ABHERTI AR RV 5, i MEBLEND 8% MEDORBICIET
Brow, WNRRLEREERER E L, BREEHESCEST 52600 | #0E
BEU 26 BIMEOLMERIE, BAEK, @RNLMIE, LIVERLES R, 1T
RERORMNEEIAO TS, AEOBESLUSE. #6UCHRBREREEL L
<. mﬁ#émﬁﬁim&ﬁm@ U7z, So#mid, B8R (backward eh’minafion) %% A
WT, BRBOMTICRS (PCT # K1 PCT) ERBAMERAT, plEn 0.05 28

ABTHE 1OTOME LTV T LIE DT, HRMAES b &3E R PCT
T OREfMEATIVCERAS, FIEERYELL, :

By WRA v M, BIGHRAF &L T ITT S ARAF 18 & L CA Bk 0.05 12T
T Ui, SEEORERTDAN ST,

R
BERE

1998 48 6 1 ~2000 46 6 1z, MF 103 6 (HBREE 52 35 1 ORI BREY 51 61) 1SHf L 1
CELEORBHLEET L, B 154 7 A DR TR BREE (83%) 2R (67%)

05 (p=006). B2 HA 2 APIROERILBFL L. HRE (5251 10 61)
MR 1T 200 LY Bd ok, TOBWMEORBREL LT, RRESRA KL MR
PRIFERL LB LTS o7 (4,081 B vs 3,633 B),

R WD BE. RRLENAOERE. MRE (1) 550N
A (% 2) KBIL TS AVARN T, RRBMEONEFORERS L CEER
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EEiZ, BECEESH Y /MR ZLEL LTWS I LERLTRY (k3), #EE

BB LR, RBRMES, 102 5 (99%) 2T b ORRERHIE, 26 6 (25%)
BT BEF Y S, 34§ (33%) BHIEEE, 4 81 (4%) NBMREBE. 56 (5%)
MEBMERERIE, 2 01 (2%) AERTOA FRARER (NSAID) OR5E2Ik,
PAMREMEOER AR s | GURRICET 5 R ERIERRD bR ot, HlERE

L BREOBREEZTREHL L, ARBOBEThH- (p=0.03),

B RUNERGEZ MRS EREOKE, RS L URERERR~ORSE

BER
B (%)
MR *f BARE
: (52 B) (51 #1)

—RBHT :

2ahm 26 (50) 24 47
 EmMREFRIEEDREREE o 21 (40) 1937
ZDif 5 (10 . 8(8)

mE o .

B - ' 24 ‘ 1@
KA AR BAE | : ) ‘ 17 (33) - 18(35)
{LsemiE : ~ 33 (63) 32 (63)

AESER~ORE 46 (88) 44 (86)

HHERICHBLCHREZRO LRGN o (p> 0.05),
“SRICRTE. )/ RUF U URERE,
t MR ERRFRMBRBME. H2VEREOBE TISRRE.,

22 MDA LTI £ R0 B0 A DB
— T5E. R (%

BB, 52 1. B, 51 81

1231, B (%) ‘ o
B 30 (58) 28 (55)
g B 22 (42) - . 23 (45)
i, T £ 8D, B S 486 14.1 . 5In1% 13.2
#E, Ty £SD, kg ‘ 73.56+ 1530 7425+ 15.69
FE., ¥# £8D, em . . 173.09% 870 T 17147+ 819

HREM. T +SD, m? ~ 1.88% 0.23 . "1.89+ 0.22

T SRHENCHELRMEGRO oMok (0> 0.08),

AR . : .
B 14 2 A PICHEAT S AU IR 390 B 311 El (80%) % X U ARMALL 286 P
%6@(®%)tu\%&%maﬁsu%or%gsntmmmﬂmwﬁmént°mw
mmmmm@&(%ﬁ;ﬁ%@%uﬁéfémm(%ﬁ%m%@%uﬁaukwmmas
EDREE) 1L, BRETSL58EICK L, HERE6L55ETH (p2009), ¥
BEMHERCEST SR THERE, R 6.2 42 BICK L, MBH50+48
EThot (p=022), BREGHERCEST 380 | Bk ) 0P /NHbHLRS
B (10v) i, BREAYBEHL VDN (39 10vs 4.3+ 1.2, p<0001). 168
ERHESCEST W00 M/ MIBARSE S BOTHICE, BRERRD OAAho%k
(HRERBE 22,3 x 10 vs SHIBRE 21.2x 108, p=0.74). BRIM/MEBEID /MRS K-

N
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BAIE D IE< 2o BRI, S50 BEREOLHEMOF L7 (10mL) 2T 5L
Bihots L b, MYy NORESLEA LD, DIMEESLEXSHO% v |
PRI S B MK (20mL) Kot D2 K ThoR, HERT— AL ORMEIEIE
DFHRIAMT—ALAST 35+ 11 R vs34+1.2 8, p=028), HOABEHWO
HRIEIHR T~ 4 B, HBT—4 3 B Thotk, &b, B 5 A BICBM ShiH
BT~ B LUK BT — DG, ZREH 22%5 L U 20%Ch - 7o, HER M/MEE
8 L UKBMAMRIAIET ~T, ABO BAES LTV,

28 M/MORDEICH LTl MERIEL & 2 B OB O R
 RURERERE ‘

BEH
BB, 52 XREE. 5141
e iE Fig> &
YRR S;Zﬂj +8D 47 0.27+£0.05 50 0.26=0.05
M/biR¥k, ¥ iSD‘ x 10°/L 52 191138 51 16.7+13.1
CNESBEE, P £SD, gL 51 944158 48 89.0+19.1
T4TY S FUE, T £SD, g, 4T 4.673+1.647 44 47241203
BfuBkEg, FRMEL, x 109/ 52 0.350 51 0.220
e bR, T £SD, % 28 128+ 4.1 26 121+ 1.8
Wy ho v RS T RF R, T ¢ ”

SD. # 50 35.0+ 9.2 ‘46 34.7+£9.2

NN AR RMERRD b Eh o7 (53 005,
WR—R54 LELRBSII-BES
HENERS 5 LGh o tfedh, RHETR CDRBERT,

Wi 1 R0 8 oDt/ M , ‘

1~8(EE #1160 PRI RIS IR 27,5 £ 13,5« 1091 K EEE 35.8
£28.3x 1001 Th-7z, FHEDE 83« 109/L1[95%f‘é'%ﬁ(2?aﬁ (CD. 0.9~15.8x 109L]
HEHEMICEE Th ok (p=008), MEOMMIBME L b, B ST 5 A8
PTHo R 190, WL | R D MRS MRS 5 R ORI B TRIE L & =
2 (CCI) Wy 1 WM DT COLITIBMESHF40IC A R RS BEME IR b 1T (18,100
* 5,400 vs 14,900 6,200, p=0.11), FHHEDZEIL 1,800 (95% CI, -400~4,100) TH
oo B 194 7 ADEBM LTS L LTHFIIERMTERE L 25, B 1
SRS D I/IMEAICEE LT, POT i /MGHIRENE & 3 PCT i MER R ORI A B2
Dohehok (p=0563), PCTHAbb L-28iT, Bl 1 BEED /MR 15«

11

09/L (95% CI. 1~61x109fL) Wb LHEEESN, |

BRI EEEE (p< 005) E5LAERL. FEAENE R, @

MEBMZSE (p<0.001)., O/MEBEEOBGAITZENM (p<0.001), BiATh/ MR
¥ (p<0.001) BIGBEOHE (p<0001) Thot, ZhbOERERIZ, PCT 38

MERIE S ROLKENCAE (=019 £EB, POT LABRREMALR S 2o,
B 1P 0L ESEE LEERSCR, 0IVERL RSB L1 AT,
#i 1 9 DL MEHMKIC I LT, PCT /MR & 3 PCT AR MIC 25 b 17
Bt (@ 1. PCT BHM% L MESNKICE X DEBOK & S 5 5 AR T,
HRERMICAB RIS Dhabot (=080,

Wi 24 B%'M@md\#ﬁﬁw&io & KL/ AR L TR

i 24 B OTH ML VRHIIK (1~8EE O 13, BBREE (164595 x 10°L)
WREEE (247 176 x 1090) LB L Thiedor (p=0.004), i 24 BEEOT
¥ CCI (I~SEHEDEim) b, #HRE (7,400 +5500) 2EE (10,600 7,100) &k
BLTORPE (p=0.02), B 141 2 ADLEGHEHENE E U CEERFIER T &
EH L& 5, @il 24 B % OM/MEEIZ B LT, PCT fi/h AR B & 38 PCT /Mg

| BEROMICHEZRIBO AR (p=0.19), PCTAG kb L, @ 24

MO RSO 2.6 x 109 (95% CL, 1 3~65 % 1090) I8P LR ST, hih 24
R OM MR B L 5 L R, Bl | B ORIERL AT, &
REDEEREV TR, POT LARARERRAERE AN, PCT AR L f/MTH
DESROKTARGEETAD I (p=03D. 8194 2 L ORRMEFHEL Lt
ERAH TR, MU BN S LV AT, B 24 R On MR B

| L, PCT fudvf £ 3 PCT MR £85 b o (®2),

BRI D 5 b 2 MR BRI /MRS 100%MEE 54/ L. Y 2 MR MLY% T-Sol

BEWEEALE, S0k, HBROMIM 1SRG LT 24 E#Fﬁﬁéoﬁud%ﬁﬁﬂﬂﬁk

LU CCI KRk, 2 BENE FERTHE LT, EORR, BRI KXBERB/HLNT,

Eﬁﬁ@lﬁl#ﬁ * T-Sol REBDERER &FF LRt T 18
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VERAMEROHE OI 1) ORE. 50K MIELSAOE S ICB LT,
BERRE & SRR ORI RS 0B B RIS b ot (5 4), MELMEROIIIC

ReaE '(103 B) CLMMAEZTI L2, MRS DR O EE /MR

MIREZEH Led, HRELABROMCAEERIA LN (R4,

<
1

QMRS (107L)

$0

Tt 2 3 4 § & 71 8§ 9§ w0
fpREmBEE (x 101)

S BN S U RLI/MENL 1 B0 m/MENNNITN T 3 fUMENMLSR S ROKE

B 194> ARRBHERISEST 5T TD (MRS £ UL BOEHERNR
ELT. Wi | BMEOD MK E DIMTHNES ROMOME £ 77, WENMERE

£ RRMMEBFODMENOE S BAS LOEHTIE, B 1 SMERODMERNKIE, D
MBI S ROBEITHT: Y METH o (p=0.59), BRMAMRRM & HEM/MEHND
EREHE, EL5LOEHEEND, :
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r SRR
e asHBE
. p=019
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g w1
- o
B
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.50'
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] 5 6 7 8 L4 10

fMERLEEE (« 101)
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P

B2 S S UNRDMENL 20 RMEOIMERDRIZN T 5 0 MEMLES RORE
B4 O LI > ABREHEEISEAT 5T < TO MRS L UNR) BHEWEHR
&L ‘C SHI 24 BRI OO /MR BN & T RIS IS B O M OB éﬁ‘?’ o #Eﬁﬁmlll\ﬂiﬂﬂl
& W RI/MEEEIO M/MRE DR S RHE LV EETIE, iﬁn‘n 24 B#_M,&U)Eﬂ'l\ﬁiﬁhﬂﬂli.vm
MRS B OBEISH Y RS THok (9=0.19), HRMMEBE EFRMERTO

- ERERIE BB LOLUES D,

B294 7V BEIAE ORISR

8294 0 MIBRENLBEEDHCTH o1l (HIREE 10 Bl3 £ URHEEE 2 1)

- EmAR MR T — ¥ ii%%i‘]@ﬁ%ﬁ@&%ﬁ Ui i 1 %% O h/MRECE LT,

HERRERMERAR DRA2N (p=047), PCTH 6% Lic M8, i 1656
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Therapeutic efficacy and safety of platelets treated with a photochermcal process
for pathogen inactivation: the SPRINT Trial
Jeffrey McCullough, David H. Vesole, Richard J. Benjamin, Sherrill J. Slichter, Alvaro Pineda, Edward Snyder, Edward A. Stadtmauer,

lleana Lopez-Plaza, Steven Coutre, Ronald G. Strauss, Lawrence T. Goodnough, Joy L. Fridey, Thomas Raife, Ritchard Cabje,
Scott Murphy, Frank Howard 1V, Kathryn Davis, Jin-Sying Lin, Peyton Metzel, Laurence Corash, Antonis Koutsoukos, Lily Lin,

Donald H. Buchholz, and Maureen G. Conlan

We report a fusion trial of
photochemically treated for pathogen in-
activation using the synthetic psoralen

amotosalen HCI. Patients with thrombocy-

topenia were T ] gned to re-
celve either photochemically treated (PCT)
. or | (control) pl for up

to 28 days. The primary end point was the
proportion of patients with World Health
Organization (WHO) grade 2 bleeding dur-
ing the period of platelet support. A total
of 645 patients (318 PCT and 327 control)
were evaluated. The primary end point,

the incid: of grade 2 bleeding (58.5%
PCT versus 57.5% control), and the sec-
ondary end point, the incidence of grade
3 or 4 bleeding (4.1% PCY versus 6.1%
control), were -equivalent between the 2
groups (P = .001 by noninferiority}. The
mean 1-hour posttransfusion platelet cor-
rected count increment (CCI) (11.1 x 103
PCT versus 16.0 x 10° control), average
number of days to next platelet transfu-
sion (1.9 PCT versus 2.4 control), and
number of platelet transfusions (8.4 PCT

(P < .001). Transfusion reactions were
fewer following PCT platelets (3.0% PCT

versus 4.4% control; P = .02).- The inci- .

dence of grade 2 bléeding was equivalent
for PCT -and conventional platelets, al-
though posttransfusion platetet count in-
crements and days to next transfusion
were decreased for PCT compared with
conventional platelets. (Blood. 2004;104;
1534-1541)
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Table 1.1 i of pathog in platelet after

Introduction

versus 6.2 control) were different

More stringent donor selection and increased laboratory testing
have been extremely effective in improving the safety of the US
blood supply.'$ However, transmission of some infections still
occurs_becauée the present approach is limited to specific known
pathogens, is not effective against bacterial contamination,™ does
not test for all pathogens,'® fails to prevent transmission of
cytomegalovirus (CMV) despite testing,'' and tests’ for new

RNA and on illumination with ultraviolet A (UVA) light reacts with
pyrimidine bases to form internucleic and intranucleic acid strand
cross-links. The photochemical tréatment (PCT) inhibits replica-
tion of any DNA or RNA. This achieves reduction of a broad range
of viruses, bacteria, and protozoa to levels below those likely to
transmit infection (Table 1). Extensive toxicology, mutagenicity,
carcinogenicity, phototoxicity, and pharmacologic studies estab-

pathogens, such as West Nile virus,'? can only be impl d
after the new agent is identified. With increasing globalization,
previously localized transfusion-transmitted infections such as
malaria, tryp iasis, or bab are now becoming more
widespread. Therefore, strategies have been developed to treat the
blood components in a way that will inactivate viruses, bacteria,
protozoa, and contaminating. leukocytes but retain "therapeutic
efficacy of the components, 317

Amotosalen HCl, formerly designated S-59, is a synthetic
psoralen compound that intercalates into helical regions of DNA or

lished an adeq safety profile for PCT platelets.??5 In vitro
platelet function of PCT platelets was preserved following up to 7
days of storage.'>'® Recovery and survival of radiolabeled PCT

platelets-in healthy subjects were.reduced compared with conven-

tional untreated platelets but within acceptable therapeutic ranges.?

PCT and conventional untreated platelets resulted in comparable
correction of prolonged bleeding times in patients with thrombocy-
topenia.?” A randomized, controlled, double-blind, parallel group
phase 3 study in 103 patients with thrombocytopenia of PCT buffy
coat platelets demonstrated that 1-hour platelet count increments
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p participation in another study with pathogen-inactivated blood pi
ph : t with and UVA light Patients who met all inclusion and exclusion criteria were randomly
Pathogen N Log ion in d in a 11 ratio to receive all of their platelet transfusions with either

Enveloped vinizes PC’T or contro} platelet c(‘)nce'n\ra\es forup to 25% days o unti} transfusion *

“HIV (eeliroq) : o, 6.2 1ndepen§enu (7 days wn.hom p}a!cletfransfuswn) prior to day 28 On
HIv (cs"_asswsled) 6.1 compleuon of. the lransf\{s!an period, patients en(ered a 7-day surveillance
oM . ~ 59 penodlw mlomfcr for additional adverse events. The st_uf:ly was approved by
Hapattis 8 virus >55 each site’s mst!n?nonal review board (IRB), and ail patients gave informed
Hepatitis C virus o - 'sas consent.w Pérllclpgte, o .
Duck hepatis B virus ; 62 ) Allindividuals involved in cl‘mlcal care and a5§css.nfem of patients were
Sovine viral diarrhea virus . >6.0 blinded to study treatment These individuals included the
Hurmah T-call lsukemia virus type U 47051 prmupal investigator, cllmcal study - coordinators and. nurses' making
Wt Nile virs . * - 56,0 li and nurses caring for the patient, and the

N-onanvelope d‘vimss's ) ] smtiy sponsor. Blood bank and trans'fuslon service personne] responsible for
Blue tongue ce 6164 r r p g, and issue of study platelets were
Parvovirus B19* . . 4049 noll blinded. -

Gram-negative bacteria ’
Escherhia coli ’ . >6.4 End points
SG"S{,E marcescens - . >67 The primary efficacy end point was the proportion of patients with grade 2
Kiebsiaila p "s"ma"’af’ o >58 bleeding, as assessed by using expanded World Health Organization
Pseudomonas seruginosa . 4.5 {WHO) criteria (Table 2),%* on‘any day during the period of platelet support.
Sa/rr{onslla cholerassuls >6.2 Additional secondary efficacy end points included the proportion of
Versinia enferocolfica >59 patients with WHO grade 3 or 4 bleeding; number of days of WHO grade 2
Entorobacter cloacse 58 bleeding; I- and 24-hour ‘platelet count’increments (Cls) and corvected

Gram-positive bacteria - count increments (CCIs); number of days to next platelet transfitsion;
Staphylococcus sureus 86 number of platelet i id of platelet i , and
Stephylocaccus epidermidis > 68 number of red blood cell (RBC) transfusions. Safety end points included
Streptococcus pyoganes . ©o->68 number of platelet tr: ion reactions, lop of antibody to
Listeria manocytogene‘s‘ >63 p a1 | "., and overall safety.
Corynebacterium minutissimum~ -~ >63

G:::Z":;;::::“mm bacteria .7 Platelet colisction and photochemical treatment . o
Lactobacilius species. . : >89 Both PCT and control study platelet transfusions were collected on theevy
Propionibacterium acnes- >6.7 Amicus Separator (Baxter Healthcare, Round. Lake, IL), which includes
Clostridium perfringehs - >70 process Jeukoreduction, to attain. a targeted average platelet transfusion
Biffdobacterium adolgscentis >85 dose of 3.7 X 10", PCT platelets were suspended in 30% to 45% plasma

Protazoa and 70% to 55% platelet additive solution. (Intersol; Baxter Healthcare,
Trypanosome cruzi - - >53 Deerfield, IL), whereas control platelets were suspended in 100% plasma.
Plasmodium faiciparum,_ >7.0 Photochemical treatment'S was performed at each study site within 24
Leishmania mexicana . - - . >52 1

Data are summarized from Lin,™ Lin et a1,751%.18 Van Voorhis et al,'%29 Dupuls et
3l,?' Savoor etal?? and Sawyer et al.?
inary data; was in 35% B19-infectad plasma and
B5% PAS 1i (platetet additive solution Itt) in the absence of platelets. Studies included
a 15- or 30-minute rest between addition of amotosalen and UVAtreatment.

were not different for PCT and conventional buffy coat platelets.?®
We now report on a prospective, randomized, controlled, double-
blind, parallel group phase 3 study to evaluate the efficacy, as
determined by the prevention and treatment of significant bleeding,
and safety of PCT apheresis platelets compared with conventional
platelets.

Patients, materials, and methods
Patients

Patients were eligible for enroliment if they had thrombocytopenia requir-
ing platelet transfusion support and were at least § years of age. Patients
were exciuded from study participation if they had any factors that could
potentially interfere with assessment of the study end points, These

1 criteria included positive lymphocy ic antibody (> 20%
panel reactive antibody at scrunmg) or history of clinical refractoriness,
history of immune or hromb bocytopeni purpura or hemolyti
uremic synd: is of acute promyel kemia, recent
surgery or psoralcn ultravxoletA (PUVA) therapy; mterleukm-ll lhzrapy, ar

hours of platelet collection by adding 150 uM amotosalen, mixing, and
exposing the platelets to 3 J/em? UVA light in an-illumination device for 3 to
S minutes with constant gentle agitation. Following illuminati platelets
were transferred to a piastic container with a compound adsorption device
(CAD) to reduce the concentration of residual amotosalen and free
photoproducts. After adsorption for 6 to 8 hours, PCT platelets were
transferred to another container and were stored for up to S days according
to blood bank standards.’® All donors and platelet products’ underwent
required blood bank testing.?® PCT and control platelet concentrates were
issued for transfusion in identical plastic containers with identical labeling.
Because PCT platelets were manufactured solely for the purpose of the trial,
there were occasional inventory shortages that resulted in transfusion of
non-PCT platelets to patients randomly assigned to the PCT group
(“off-protocol” transfusion) or ion of low-dose PCT prod that
would not otherwise have been transfused to prevent an off-protocol
transfusion. Control platelet transfusions not collected on the Amicus
Separator were also off-protocol transfusions, '

Transfusion strategies

Platelet jons were given ding to each institution’s
either prophylactically to prevent .biceding or therapeutically to treat
existing bleeding or prepare for an invasive procedure. The most common
threshold for prophylactic transfusions was 10 X 10%L. Each institution’s

. policies determined platelet ABO type, use of iradiation, volume reduction,

and HLA ‘matching or’ cross-matching for. donor. selection. Patients -
received conventional red cell products; more than 98% of red cell units
were leukocyte reduced and 99% were gamma 1rradlated in both treat-
ment groups. - :
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. Table 2, Expanded WHO bleeding scale used for the hemostatic primary end point

Bleading grade

Organ system ) . 1 2
Mugocutaneous
Epistaxis - < 1 hin duration > 1.hinduration |
Oropharyngeal < 1hinduration > 1 hin duration N
Petechiae/purpura Localized petechiae of skin or oral mucosa; Purpura > 1-Inch diameter; generalized petechiae of purpura
purpurs < 1-inch dlameter, . )
Gastrointestinal
Melena NA Melanolic stool with positive occult blood

Rectal blesding/ Oceult blood in stool: no visible blood

hematochezia

Hematemesis L NA
Genitourinary
Hematuria < 1+ (stight, trace, smalf) blood-in urine
Vaginal bleeding, abnormal . Spotting; < 2 saturated pads/d
Bronchopulmonary NA
Musculoskelotal and softtissué - NA
Body cavity {pleural, peritonaal, NA
pericardial, retroperitoneal) )
Central newous'iyslam NA

Invaslve sites NA

Visiblé biood in stool
Occuit or visible blaod in vomit or gastric contents

. = 2+ (moderate)
> 2 saturated pads/d -
Hemoplysis; blood-finged sputum; bioody bronchopulmonary
-, lavage
Spontaneous hematoma; any joint bleed
RBCs on microscopic examination of any body fiuid

Retinal blesdtng without visual impaimment
Any besding around a catheter, venipuncture site, or other Invasive
or surgical site

Grade 3 bleeding requires RBC transfusion; grade 3 body cavity bleeding is grossly bloady body fluid; grade 3 central nervous syshm {CNS) bleeding is bleeding on
or mag imaging scan without clinical consequence. Grade 4 bleeding Is i with ic instability ion; > 30

mm Hg decraase in systolic or dlastolic blocd pressure) of fatal biseding; grade 4 m

bieeding.is i with a joint change:; grade 4

CNS bleeding is CNS bleeding with neurologic symptoms and signs, of retinal bleeding with visual |mpaxrmsn( {field deficlt). Expandad scale is based on WHO blseding scale

from Miller st al.?8 NA indicates not applicable.

Hemostatic assessments and laboratory evaluation

H i of 8§ p ial bleeding sites were performed by
trained observers blinded to the i At each

each of the 8 i2] bleeding sites was d a WHO bleeding grade
(Table 2) rangmg from 0 (no bleedlng) to 4 (life-threatening bleeding). The
first h passed the 12 hours preceding the first
study platelet fusion. Sut h were per-

formed daily and for 3 days followmg the last study platelet transfusion,
The overall bleeding grade for each assessment was the highest grade
observed for any of the 8 sites assessed. If grade.2 bleeding was observed at

defined as clinical refractoriness (2 consecutive CCls < 5 X.10% in the
presence of any of the following: LCA (> 20% PRA) platelet-specific
lioantibodies, and/or antibod: to

Adverse events and transfusion reactions

Adverse events were collected. from initiation of first study transfusion
through the end of the 7-day surveillance period. Adverse event. and
transfusion reaction severity was assigned on the basis of the most severe
symptom or sign present. Reagtions to s:udy platelet transfusions were

any p ial bleeding site on any during the fusi
the patient met the prirmary end point. For example, a patient with 3 2-inch
ecchymosis on day 3 of the transfusion period but no other bleeding events
during the transfusion pericd would have been classified as having
experienced grade 2 bleeding and would have met the primary end point of
the trial.

The daily platelet count obtained for routine care was used for the study

pretransfusion platelet count. The i-hour and 24-hour posttransfusion

platelet counts were obtained 10 minutes to 4 hours and 10 to 24 hours,
respectively, following each platelet transfusion. Lymphocytotoxic anti-
body (LCA) testing to determine study eligibility was performed locally,
and patients whose serum reacted with more than 20% of panel cells (PRA)
were excluded. Plasma samples for LCA and antibody to amotosalen
neoantigen testing were drawn weekly; baseline and end-of-study samples
were analyzed at central laboratoncs for LCA by using standard tech-
niques®' and for antibodies to p i by using a

lidated linked i rbent assay (ELISA; Cerus, Concord,
CA).%If the pzment became platelet refractory, all samples from the patient
were analyzed for LCA, antibody to ! and platelet-
specific alloantibodies®** in central tab The CCI, a measure of the
response to platelet transfusion that takes into account patient body size as
well as transfused platelet dose, was calculated as the difference between
the platelet count after transfusion and the platelet count before transfusion,
muitiplied by the body surface arca (in meters squared) and divided by the
number of platelets transfused (X 10~'"). A patient was considered
clinically refractory if the 1-hour CCI was less than 5 X 10? following each

of 2 ive platelet i gic refractoriness was

period, |

d for the 6 hours following each

Randomization and thod.

A sample size of 300 patients per group was estimated before the start of the
study to provide more than 90% power to reject the null hypothesis of
inferiority with respect to grade 2 bleeding at a gignificance level of 0.05.
All patients who received ‘at least one study platelet transfusion were
included in the analyses. Randomization was stratified by study site.

The study was designed as a noninferiority trial. Differences between
treatment groups for the primary end point (the proportion of patients with
grade 2 bleeding) and orie secondary end point (the proportion of patients
with grade 3 or 4 bleeding) were analyzed using one-sided tests of
noninferiority with prespecified noninferiority ‘margins of 12.5% and 7%,
respectively. All other.secondary end points were analyzed for differences
between treatment groups. For the primary end point, the test statistic was
(Pr — Pr — 0.125)/(Var[Py — Pg)"?, where Py is the observed proportion
of patients with grade 2 bleeding in thé PCT group, Py is the observed
proportion of patients with grade 2 bleeding in the contro! group, and
Var(Pr — Pg) is the variance estimated by the maximum likelihood

i 3 The ided 95% interval for the treatment
difference in the proportion used the same estimated variance.

Analysis of variance with treatment and study site in the model was
used for continuous variables. Fisher exact test was used for comparison of
adversé events. Time to grade 2 bleeding was compared by using the
log-rank test. Longitudinal regression analysis was used-to adjust platelet
count increment and transfusion interval for platelet dose.33¢ Except for
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the tests of noninferiority, all other statistical tests were 2-sided’ with a
significance level of 0.05.

Resiults

Of the 671 patients randomly assigned, 645 received at least one
study platelet transfusion (318 PCT; 327 control) .and composed
the intention-to-treat (ITT) population. The 26 patients not
included in the ITT analyses did not require platelet transfusions
before recovery from thrombocytopenia. There were no differ-
ences between the groups for sex, age, ethnic origin, diagnosis,
or receipt of stem cell transplant (Table 3) or in baseline
hematology, chemxstry, and coagulation laboratory studies (data
not shown).

The. proportion .of patients completing the transfusion period
(89%) and the surveillance period (81%), the mean duration of
platelet support (11.8 days-PCT versus 10.6 days control), and the
proportion of patients achieving and maintaining platelet transfu-
sion independence prior-to day 28 (66% PCT versus 70% control)

.were not different between treatment groups (Table 4).

The primary end point of the trial, the proportion of panents
with grade 2 bleeding, was equivalent for the PCT group and
control group, both overall, as well as'for any of the 8 potentia!

‘bleeding sites (Table 5). Grade 2 bleeding occurreéd during the
‘transfusion period in 58.5% of patients in the PCT group compared
‘with 57.5% of patients in the contro} group. The time to onset of

grade 2 bleeding after beginning the study was not significantly

different between PCT and control patients, either for the. ITT

population (Figure TA, P.= .78) or for those patients without grade

2 bleeding at study entry (Figure 1B, P = 91),.Grade 2 bleeding
B \> . .

Table 3. Patient characteristics

PCT; n = 318 Controi; n = 327

Sex
% male e 54 51
Agey .
Mean : T a7 46
Range . ; . 7-85 675
% younger than 18y" . 2. 5
Ethnic arigin, % . . :
© White . K- 91
African American 3 3
Hispanic BT . 3 3
. Other 3 3
Stem cell transplantation, % .
Bone mamow ‘20 22
Peripheral blood 54 55
Cord bloed 2 3
Tota! 7% 80
Source of stem calis, %
Autologous T < ! 64 65
Allogenelc L .38 35
Underlying diagnosis, °/-
Acute loukemia 29 28
Chronic leukemia . - 1"
Lymphoma . 24 - 29
Myelodysplasia 3 2
. Plasma cell dyscrasia i 20 18
Nanhematopoietic solid tumor 8
Other o ‘s
WHO grade 2 bleeding at study entry, % 157 186.5
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Table 4. Patient participation

" Treatment group

PCT, n (%) Control, n (%)
BLES]1 n=327 P
Completed transfusion period 280 (88) 294 (90) 53
Reason for not completing
" transfusion period .
Patient decided to withdraw. 8(2.5) 4(1.2) 26
Physician withdrew patient | 10(3.1) _4(1.9) M
Adverse event(s] 0710) “0(0) -
Lost to follow-up (<), 1(< 1) —
Desth 10 (3.1) 15 (4.6} 42
Other 9(2.8) 8(2.8) -—
Total 38 (11.9) To33{10) ‘44
Mean days of platelet support 11.8 10% .08
Achigved and maintained platelet . :
independence pror to day 28 210 (68) - - 230 (70) 27
Completed surveillance period 248.(78) | 273 (84)’ .09

— indicates not applicable.

occurred on a mean of 3,2 days in the PCT group as compared with -
2.5-days-in the cotitrol group (P = .02) and on a median of 1 day
for each group.

The maximum grade of bleeding at any potential bleeding site
was grade 2 for most patients, Grade 3 or 4 bleeding occurred in
only 4.1% of patients in the PCT group and 6.1% in the control
group: There were ho statistically. significant differences between
the groups in grade 3 or 4.bleeding overall or for any of the 8
potential bleeding sites. The most common site of grade 3 or 4
bleeding was the neurologic system (3 of 318, 0.9% PCT versus 6
of 327, 1.8% control).

The 645 patients in this study received a total of 4719 platelet
transfusions (2678.PCT; 2041 control) (Table 6). Most units of
platelets - transfused (91.5% PCT and 95.2% control) were
prepared- according to study methods (“on-protocol transfu-
sions™). During the -study transfusion period, exclusively on-

protocol transfusions were received by 68% of patients in-the *

PCT group and 85% of patients in the control group (P < .01).
Of patients wha received any off-protocol transfusions, most

Table 5. Proportion 61 patients with grade 2 or higher bleeding
PCT,n (%) Control, n {%)

n =318 n=327 - P
Any grade 2 bleeding 188 (58.5) 188 (57.5) <01t
Grade 2 bleeding by bleeding site .
Genitourinary . 104 (32.7) 103 (31 \5) - 0.80
Mucocutaneous 82(25.8) 85 (19.9) 0.08
Invasive sites : 69 (21.7) 65(19.9) .. 0.63
Gas\rolnlestlnal 60 (18.9) 63 (19.3) 082
Rssplmwy . 35(11.0) 28 (8.6) 0.35
Musculoskeletal 154.7) 18(55) . 072
Body cavity - 0{0.0) 1{0.3) 1.00
Neurologi¢ . .-, 0(0.0) 0{0.0) o
Any grade 3 or 4 blesding 13 (4.1) 20(6.1) " . <.01%

— indlcates not abpucable.
*Fisher exac! test was used to calculate the P value for each of the 8 potential

blesding sites.
1The P value for the overall proportion of patienls with grade 2 bleeding
was < .01, based on g i ity test' with 2 y margin of 0,125

{one-sided 95% confidance interval of difference: — 1, 0.07). By using this method, a
P value of < 05 indicates that PCT was not infarior to control,

1The P value for any grade 3 or 4 bleeding was < .01, based on.a noninferlority.
test with a noninferiority margin of .07 (one-sided 85% confidence interval of

All characteristics had P > .05, thus showing no difierences.

—1, 0.013). By using this method, a P valie of < .05 indlcates that PCT
was notinferior fo control,

o
<
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Figure 1. Time to onset of grade 2 blasding. (A) Time to onset of grade 2 bleeding

in ITT popufation (n = 845). Median time 1o onset of grade 2 bleeding was 8 days, log

rank P~ .78. (B) Time to onset of grade 2 bleeding in patfents with no {grade 0}

bieeding at bassiine (n = $41). Madian time to onset of bleeding more than 31 days,

logwrank test P = 91,

(53% PCT and 59% control) received only one. The proportion
of platelet transfusions that were HLA matched (1.5%), cross-

' match compatible (0.2%), volume reduced (7.5%), or irradiated

(99.8%) were comparable between the 2 groups. Slightly more
PCT transfusions were ABO-matched (with patient pretransplan-
tation blood type) than control transfusions (78.5% versus
75.4%, P = 01), Mean platelet storage duration prior to transfu-
sion was 3.4 days for PCT as compared w1th 3.6 days for control
platelets (P < .01).

Table 6, Platelet and RBC transfusions during the study

PCT, Coatrol,
. ) n=318  n=327 4
Platelot transfusions ' i
Total number %78 2041 -
Mean number.per patient 8.4 6.2 < .00t
Mean number per day of platelet auppvﬁ’ . 0.74 065 <.001
Interval between transfusions, d 19 24 < .001
Plateiet dose, x 10"
Mean average dose o 3.7 4.0 < .00t
Percentage of platelet doses less than 3.0
x 10" 20 12 <.01
Mean total dose over éntire transfusion
. perlod 29.4 241 01
Duration of platelet storage, d 34 38 < 05
RBC transfusions |
Mean number per patient 48 43 A3
Mean number per day of platelet support” 0.31 0.30 53

— Indicates not applicable,
*Days of platelst support is defined 8s number of days from the first fo the fast
study platelet transfusion.
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Figure 2. Distribution of transfused platelst doses. A greater proporiion of doses
were Jess than 3.0 X10" in the PCT group compared with the control group
(P<.01).

Patients in the PCT group received imore platelet transfusions
overall (8.4 PCT versus 6.2 control; P < .001; Table 6) and more
platelet transfusions per day of platelet support (0.74 PCT versus
0.65 control; P < .001). These differences may be partially ex-
plained by the lower mean dose of platelets per transfusion-in the
PCT group compared with the control group (3.7 X 10" PCT
versus 4.0 X 10 control; P < .001) and the greater proportion of
PCT platelet doses that contained less than 3.0.X 10! platelets
(20% PCT versus 12% control; P < .01; Figure 2). Sixty percent of
patients in the PCT group received at least one platelet dose less
than 3.0 X 10" compared with 36% of patients in the control group
(P < .01). However, by using longitudinal linear regression to
adjust for platelet dose, when equal doses of PCT and control
platelets were given, the 1-hour posttransfusion platelet count was

estimated to be 10.4 X 1091 lower for PCT than for control -

platelets (AP’< .001), and the time to the next transfusion was
shorter by 0.4 days for PCT than for control platelets (P < .001).
Other factors that can affect platelet recovery,’” such as spleno-

megaly, fever, sepsis, and amphotericin use¢ Were comparable

between treatment groups. There was no difference between the
groups in the mean number.of red blood cell transfusions or the
mean number of red-blood cell transfusions per day of platelet
support (Table 6). .

Most transfusions, were given for prophylaxis (93.5% PCT
versus 90.1% control; P <01}, the others were considered to be
therapeutic' either tG treat active bleeding or to prepare for an
invasive procedure, Although mean pretransfusion platelet ‘counts
were similar for patients in both groups, the mean 1-hour posttrans-
fusion platelet count was.lower in the PCT group (36.5 X 101,
PCT versus 49.5 X 10%L control; P <.001), as were the mean
I-hour and 24-hour CI and CCI (Table 7).

Platelet clinical refractoriness occurred in 21.4% of PCT as
compared with 7.0% of “control patients (P < .001; Table. 8).

Table 7. Mean platelet r f g platelet transfusi
) : PCT;n =318 Controf; n = 327
Before transfusion ’
Platelet count, X 109 151 152
1 b after transfusion . v
- Platelet count, X 109 36.5* 495
Count Increment, x 109/L ’ 214t 34.1°
Comacted countincrement, % 103 R 180
24 h after transfusion .
Platelet count, X 10%L . . 7.9 i 361
Count incremant, X 109 13.2% 215

Corrected countincremerit; X 108 6.7* 10.1

*P < .001 compared with contral.
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Table 8. Refi n to platetet .
: PCT - Control P

ITT population, n ! 3 327 bt
Any refractory eplsnds. % - . 214 7.0 < .00t
Any transfusion with CC less lhsn 5x10.% 274 127 < .001

Refractory subset of patients,n 68 k] -
Single spisode.of refractoriness, % . 57 85 63
Refractory to end of study, % 6 ] 64
immunglogic refractofinesst

LCA and/or plalslél alloantibody, % 22 44 .08

Lymphocytotoxic antibodles, % 15 39 .02

Platelet specific allogntibodies, % 12 10 N 1.00
Antibody to amotosalen-neoantigens . 0 Y —

— indicates nof applicable;
‘Episode is 2 consecutive platelet transfusions with 1-hour CCl < § x 107,
timmunologic refractoriness, defined as the presence of LCA (> 20% PRA),
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Discussion

Despite improvements in the safety of the US blood supply; the
public wants transfusion risks to be as close to zero as possible, and
political and .health policy decisions reflect this goal, As new
transfusion-transmitted infectious agents are identified, new tests
for these agents may be implemented, but this approach will always
have  limitations. Inactivation of a broad spectrum of viruses,
bacteria, and protozoa in blood products is a promising new
strategy-to improve blood safety.

The low prevalence of pathogens in blood components pre-
cludes a study of the prevention of transfusion-transmitted infec-
tion by PCT platelets, Therefore, we studied the effect of PCT on
platelet transfuswn hemostatic effectiveness rather than transfusion

tr j infections. The trial, the largest one of its kind,

platelet alloantibodies, andior antibody to potential g inthe
presence of 2 consecutive 1-heur CCl jess than § X 103,

One-hour CCls less than § X 103 were-observed with 27.4% of all
PCT transfusions and 12.7% of all control platelet transfusions
(P < .001) and.33.4% of PCT as compared with 12.3% of control
platelet transfusions with platelet doses less than 3.0 X-10"
(P < .001). Most refractory episodes were transient, involving
only a single episode of 2 consecutive l-hour CCIs less than
5 X 107 (57% PCT versus 65% control). Only 6% of refractory

" patients in the PCT group and 9% of refractory patients in the .

control group remained refractory through study completion,
Alloimmunization to HLA, platelet-specific antigens, or amoto-

salen neoantigens as the basis for platelet refractoriness occurred

4.7% of PCT patients as compared with 3.1% of control patients in
the ITT population (P =.31) and in 22% of PCT patients as
compared with 44% of contro! patients irl the refractory subset of
patients (P = .06). Among refractory patients, LCA was more
common in the control group (39%) compared with the PCT group
(15%; P =.02). Platelet alloantibodies occurred with similar
frequency among refractory patients (12% PCT compared with
10% control; P = 1.00).

Although there were fewer transfusion reactions following
transtusion of PCT platelet units (3.0% PCT versus 4.4% control
transfusions; P = .02), there was no difference in the proportion of
patients who experienced a reaction (16.0% PCT versus 19.3%
control; P = :30). Reactions were primarily fever, chills, urticaria,
or rash. Almost all patients experienced one or more adverse events
{Table 9). Adverse events were coded to 898 MedDRA Preferred
Terms.*® The most common adverse events (reported in > 30% of
patients in either treatment group), such as hematuria, diarrhea,
hypokalemia, rigors, -petechiae, epistaxis, fecal -occult blood,
contusion (bruising), and dermatitis, were consistent with those
expected for the patient population enrolled in this study. As
expected, ‘with the large number of statistical comparisons per-
formed, there were statistically significant differences between
treatment_ groups. for some: types of adverse events, but these
differences were not considered to be clinically relevant and will be
reported in detail separately. Grade 3-or 4 adverse events, those
considered by the investigator to be probably or possibly related to
study platelet transfusion, and adverse events meeting US Food and
Drug Administration (FDA) criteria for serious were not different
between the PCT and control groups (Table 9). There were 28
deaths (3.5% PCT versus 5. 2% controlj during the study, mostly
because of infectious of respiratory complications.

evaluated platelet hemostasis as the primary end point while also
evaluating the quality and safety of PCT platelets. PCT and control
platelets were hemostatically comparable overall and, for each of
the 8 potential bleeding sites evaluated, established that PCT.
platelets were clinically effective. Patients who received PCT
platelets had lower platelet count increments following transfusion,
received more platelet transfusions; and had a shorter interval

“between transfusions compared with patients who received conven-

tional apheresis platelets. The Jower platelet count increment is
partly explained by the lower mean platelet dose in the PCT group
and the disproportionate number of transfusions containing doses
less than 3.0 X 10" (Figure 2). The greater proportion of low-dose
platelets transfused to the PCT group may have resulted in the

greater number of platelet transfusions in'the PCT group.*' Reasons ymd
for lower platelet doses in the PCT group primarily reflected, <3/

clinical trial requirements. These reasons included a clinical
prototype of the device was used with a nonintegrated processing
set and 3 prototype CAD;. processing loss for PCT platelets was
acknowledged; les taken for amotosaler assay came from .
PCT but not control; to avoid off-protocol transfusions, low doses
of PCT platelets were transfused when a higher dose unit was not
available; and because PCT units were produced solely for the
purpose of the clinical trial, control units were more readily
available, resulting in higher platelet doses. During routine use, it is
expected that doses of PCT platelets will be comparable to-control
platelets. Following completion of this trial,.an integrated PCT
processing set with an improved CAD was déveloped and evalu-
ated in a small supplemental trial in Europe. That trial in 43 patients
demonstrated no increase in the number of platelet transfusions

Table 9. Adverse events during the study

PCT, %; Control, %;
n=318 n =327 P
- Any adverse event” ’ 99.7 98.2 12
Grads Iti or IV adverse event 78.8 78.6 92
Serious adverse eventt ©270 24.8 .53
Treatment-related adverse eventt 24 29.4 43
Death : 35 Tos2 34

*Adverse events were graded | to IV using the National Cancer Institute Common
Toxlcity Criteria (NCI-GTC} and coded to Prefarred Term by using Medical Dirsctory
{or Regulatory Affairs (MadDRA).3

tSerious adverse events were dsfined by using Food and Drug Admmlslrarlon
{FDA) critoria. 4

$Treatment-related adverse events were repotted as poss&bly or probably
relalad to the study platelet by the blinded il i at eachsite..

§One patient In each group died of hemarrhage; both deatns involved pulmonary
alveolar hemorrhage lhoughl to result from toxlcity of the myeloablative preparative
regimen,
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required to manage patients transfused with PCT platelets for up to
28 days*?; those results will require confirmation in a larger study.

Another factor accounting for the reduced platelet responses
with PCT platelets was a decrease in platelet viability; ie, at equal
platelet doses, there was a significant reduction. in both platelet
‘increment and days to next transfusion comparing PCT with
control platelets. An effect of the PCT process on platelet viability
was suggested in previous studies in healthy research subjects and
patients. 237 As a consequence of the lower platelet count incre-
ments in the PCT group, clinical platelet refractoriness occurred
more frequently in patients receiving PCT plateléts; however, it
tended to be transient, persisting to the end of the study in only 6%

of PCT and 9% of control refractory patients, Alloimmune platelet.

refractoriness. and the need for HLA- hed were

BLOOD, 1 SEPTEMBER 2004 + VbLUME 104, NUMBER §

who experienced a transfusion reaction was similar in the 2 groups,
fewer PCT platelet transfusions were associated with a reaction.
This could be due to leukocyte inactivation, resulting in less
cytokine production during storage of PCT platelets or the reduced
volume of plasma in the PCT units.®® Other adverse events,
including hemorrhagic adverse events and death, were not different
between the 2 groups of pauenls.

Phc ically treated platelets were clinically effective in
‘maintaining hemostasis, appear to be associated with an acceptable
safety profile, and offer the potential to further reduce the infections
risks of blood transfusion, including those associated with emerg-
ing transfusion-transmitted infections.

uncommon and were similar in- both groups. Among platelet
refractory patients, the incidence of LCA was [ower in the PCT
group, but platelet-specific alloantibodies were similar. Despite the
lower platelet count increments, the shorter intervals between
platelet tr; and the resul greater number of PCT
platelets transfused, the PCT platelets were hemostatically equiva-
- lent to the control platelets; therefore, differences in these second-
ary end points appear to have lmle effect on product efficacy and
patient benefit.
Overall, no unusual toxicities or adverse events were associated
with the transfi of PCT platelets. A cc safety analysis
will be reported separately. Although the proportion -of patients
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Summary

Pathogen reduction (PR) of platelet products increases costs and available
clinical studies are equivocal with respect to clinical and haemostatic

effectiveness. We conducted a multicentre, open-label, randomized, non- -

inferiority trial comparing the clinical effectiveness of buffy-coat derived
leucoreduced platelet concentrates (PC) stored for up to 7 d in plasma with
platelets stored in platelet additive solution III (PASIII) without and with
treatment with amotosalen-HCl/ultraviolet-A  (UVA) photochemical
pathogen reduction (PR-PASIII). Primary endpoint of the study was. 1-h
corrected count increment (CCI). Secondary endpoints were 24-h CCI,
bleeding, transfusion requirement of red cells and PC, platelet transfusion
interval and adverse transfusion reactions. Compared. t6 plasma-PC, in the
intention to treat analysis of 278 evaluable patients the mean difference for
the 1-h CCI of PR-PASIII-PC and PASIII-PC.was —31% (P < 0-0001) and
~9% (P = n.s.), respectively. Twenty-seven patients (32%) had bleeding
events in the PR-PASIII arm, as compared to 19 (19%) in the plasma arm
and’ 14 (15%) in the PASII arm. (P =0034). Despite the potential
advantages of pathogen ‘(and leucocyte) inactivation of amotosalen-HCl/
UVA-treated platelet products, their clinical efficacy is inferior to platelets
stored in plasma, warranting a critical reappraisal of employing this
technique for clinical use. 4

Keywords: platelet, buffy-coat, amotosalen/UVA pathogenreduction, efficacy.

For the generally accepted indications for treatment and
prevention of .bleeding, millions of platelet products are

transfused annually, warranting vigilance towards emerging

logistical problems and safety issues (Slichter, 2007; Stroncek &
Rebulla, 2007). Donor counselling and screening, including
molecular techniques, have reduced the risk of transmission of
hepatitis B, hepatitis C, human immunodeficiency virus,
human T-cell lymphotropic virus (HTLV) type I and -JI
However, despite the bacterial culture of platelet products, a
risk of 1 in 25 000 platelet transfusions for transfusion-related
sepsis still remains (Goodnough et al, 1999; Kuehnert et al,
2001; Dodd et al, 2002; Blajchmian et al, 2005; Schrezenmeier
et al, 2007). The availability of platelets and reduction of costs
due to reduced outdating would benefit from extending the
storage time of platelet products, which is hampered mainly by

© 2010 Blackwell Publishing Ltd, British Journal of Haematology, 150, 209-217
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the risk of bacterial growth beyond 5 d of storage (Lee et al,
2003}). Pathogen reduction (PR} has been shown to. be very
effective for the inactivation of several viruses and bacteria (Lin
etal, 2004, 2005). Moreover, PR might also comprise a
solution for emerging pathogens, cytomegalovirus and an
alternative for y-irradiation for the prevention of graft-versus-
host-disease (Grass -et al, 1999; Lin, 2001). Several countries
have consideréd implementing PR as a standard for all platelet
products, but concerns still exist with regard to clinical efficacy

and potential long-term toxicity as well as uncertainty as to

whether PR- platelet products can be stored for longer than
5 d (Council of Europe expert committee in blood transfusion
study group on pathogen inactivation of labile blood products,

2001; Simonsen et al, 2006). Although PR platelet products

using amotosalen-HC! and ultraviolet-A (UVA) fulfil standard
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release criteria up to 7 d of storage, this treatment results in
considerable metabolic. deterioration, increased platelet acti-
vation during storage and inconsistent findings by in vitro

haemostatic assessment (Van Rhenen ef al, 2000; Janetzko

et al, 2004; Jansen et al, 2004; Picker et al, 2004;:Apelseth et al,

' 2007; Lozano et al, 2007; van der Meer et al, 2009), Never-

theless, transfusion in thrombocytopenic patients corrected

. prolonged bleeding times (Slichter et al, 2006)., Radiolabeled,

aptologous amotosalen-HCI/UVA-treated platelets stored for
5d showed a significant lower recovery and reduction in
survival time as compared to platelets stored in platelet

‘additive solution III (PASII} (Snyder ef @), 2004). Three'

randomized controlled trials have been .performed  using
amotosalen-HCI/UVA-treated platelet concentrates (PC) (van
Rhenen et-al, 2003; McCullough et al, 2004; Janetzko et al,
2005). In the S-59 Platelet Recovery in Thrombocytopenia
(SPRINT) trial (645 patients), that used aphaeresis PC stored
in plasma as. control, significantly lower post transfusion
platelet increments were found, combined with a reduced
transfusion interval and an increased rate of transfusion failure
(McCullough et al, 2004). The $-59 Platelet Recovery in
Thrombocytopenia in Europe (EuroSPRITE) trial (103
patients) reported no significant differences with regard to
transfusion " efficacy, however the control arm of this study
used buffy-coat derived platelets stored in plasma as well as in
additive solution (PASII) for approximately half of the

transfusions (van Rhenen et al, 2003), In a previous random- .

ized clinical trial {(RCT} we showed that PASII PC have a 20%
lower corrected count increment (CCI) as compared to plasma
PC, which might mask a relevant difference (Kerkhoffs et al,
2006). A third small trial with 43 patients showed a borderline
significant reduction in ‘transfusion efficacy (Janetzko et.al,
2005). None of these trials reported inferior haemostatic
efficacy. Before implementing PR platelet products, extension
of the storage time to 7'd while maintaining clinical efficacy is

an important aspea to compensate for the additional costs of -

the procedure, We performed a multicentre open-label,
randomized clinical trial to study the clinical efficacy, in terms

of transfusion response, of pooled, random donor PC stored:
" for up to 7 d in platelet additive solution (Intersol, Fenwal,

Inc., Lake Zurich, IL, USA) without additional PR (PASIII)
and with amotosalen-HCI/UVA photochemical PR (PR-PAS-
I, Intercept Blood System, Cerus Corporation, Concord, CA,
USA), compared to platelets stored in plasma.

Methods

Study des;gn

The study was designed as a prospective, randomized open-
label non-inferiority trial in haemato-oncological patients with
thrombocytopenia or expected to be thrombocytopenic caused
by myelosuppression. Patients were recruited ‘from the
haematology wards of eight Dutch hospitals. The. study
protocol .and consent forms were approved both by a central

ethics committee as well as local institutional review boards.

" The study was conducted according to the  International

Conference on Harmonization/World Health Organization
(WHO) Good Clinical Practice (ICH-GCP) guidelines and the
declaration of Helsinki. During the study all centres were
audited and trial conduct was monitored by an independent
organization. All adult patients (aged >18 years) with a
haemato-oncological disease were eligible for inclusion if they
were expected to;r'eceive 2 or more platelet transfusions.
Exclusion criteria were immunological refractoriness to
random platelet transfusions due to human leucocyte antigen
(HLA)- and/or human platelet antigen (HPA)-antibodies or
clinical relevant auto-antibodies, pregnancy (or lactating) and
previous inclusion in this study. ‘After informed consent
eligible patients were registered and randomized, stratified by.
centre; before platelet transfusions were started in a 1:1:1 ratio
to receive per protocol up to a maximum of five platelet
transfusions with- Plasma-PC, PASIII-PC or PR-PASIII-PC in a
period of maximal 42 d. Off protocol platelet transfusions
were. allowed during the study period in. case of non-
availability of the. correct component. Apart from normal
completion, reasons to go off study were refusal to continue by
the patient or_treating. physician, intercurrent death and

immunological refractoriness.

Platelet products, transfusions and monitoring

All pmdhcts were producéd by the Sanquin Blood Bank. PCsevy
were prepared from five pooled whole-blood buffy-coats (BC)LM)
with the same ABO-blood group using standard procedures
and with regard to pathogen reduction using manufacturer’s
instructions (van Rhenen et al, 2003; Kerkhoffs et al, 2006).
Samples were. obtained prior to storage to measure: platelet
content, Samples of all products were cultured for 7°d using -
the BacT/Alert culturing -system (BioMerieux, Boxtel, the
Netherlands). All products were stored with gentle agitation at

. 20~24°C for up to 7 d. The PCs were y-irradiated if requested

by the hospital.
Indications for platelet transfusions were divided into

" platelet count-based prophylaxis, intervention-related prophy-

laxis and treatment of bleeding. Generally accepted guidelines
were used for the indication of platelet transfusions. The
requirement for, and timing of platelet transfusion(s) was
determined by the treating physician. In summary, in’stable,

" non-bleeding patients a platelet transfusion was advised to

maintain the platelet count 210 x 10%/1 and 240 x 10°/1 when
these patients received anti-coagulant therapy or treatment
with anti-thymocyte globulin: A transfusion trigger- platelet
count of 40 X 10°/] was recommended in endoscopic evalua-
tion of the gastrointestinal or. respiratory tract, when no
biopsies were performed, diagnostic pleural or peritoneal
puncture with a thin needle, lumbar puncture, extraction of a
central venous catheter and minor surgical interventions,
A trigger platelet count of 60 x 10%1 was recommended in case
of bleeding, endoscopic evaluation with biopsies, dental
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extractions, placement of a central venous catheter and major
surgical interventions, with the exception of neurosurgery and
_cardiac surgery. In case’of cerebral bleeding, diffusé alveolar
haemorrhage, neurosurgery and cardiac_surgery, a trigger of

100 x 10°/1 was recommended. A pretransfusion platelet count - -

was preferably measured just before transfusion up till a
maximum of 6 h before transfusion. A 1-h post-transfusion
platelet count was measured between 10 and 120 min after
transfusion and a 24-h post-transfusion platelet count was
measured between 16 and 28 h after transfusion. The CCl was
calculated as follows: CClyj34 1 = [(post-transfusion platelet
countyp y ~ pre-transfusion platelet count (x10%/1)) x body
surface area (mz)}/platelet dose x 10'', Transfusions given'

shortly after one another without platelet counts between the

transfusions were considered to be multi-dose transfusions and

lysed as a single transfusion, If available, ABO-identical PC

were used,-although minor- and major incompatible PC were

not excluded. Platelet transfusion failure was defined as a 1-h

. CCI below 7°5 and/or and 24-h CCI below.4'5 (Kerkhoffs et al,

2006). Immunological refractoriness was defined as the

occurrence of transfusion failure of two consecutive ABO-

" matched random platelet transfusions combined with the
existence of HLA- and/or HPA-alloantibodies.

- Study endpoints

The primary endpoint was the 1-h CCL Secondary endpoints
were 24-h CCI, bleeding, the transfusion requirement of red
cells and PCs, platelet transfusion interval and adverse
transfusion reactions. The following characteristics were
recorded at entry: gender, age, blood group, haematological
disease and treatment phase, WHO performance status,
existence of enlarged spleen, transfusion history, treatment
with anti-coagulation, medical history, medication, bleeding
and presence of active infection. The following characteristics

were recorded at each transfusion: the reason of the transfu- _

sion (trigger platelet count, bleeding or intervention), the
blood group of the PC, presence of fever, presence of infection
(graded according to the Common -Toxicity Criteria for
Adverse Events, CTCAE, Version 3; http://ctep.cancer.gov/
protocolDevelopment/electronic_applications/docs/ctcaev3.
pdf), presence of mucosal damage, anid use of acetaminophen,
steroids or'antihistamines, ‘Patients were evaluated daily by
* trained personnel to observe, describe and grade bleeding
complications at eight defined sites according to the CTCAE
under supervision of the local investigator (http://ctep.info.-
nih.gov/reporting/ctc.html). Briefly, grade 1 or minor bleeding
comprised petechize, minimal or microscopic bleeding not
requiring interventions. Grade 2 bleeding was defined as gross,
symptomatic bleeding for which minimal intervention (i.e.
aspiration, cauterization, irrigation of the urinary tract) was
indicated. Grade 3 was severe bleeding requiring red cell
transfusions and/or major interventions. Generalized pete-
chige/purpura as well as retinal bleeding with visual impair-
ment was also ‘classified as grade 3. Catastrophic bleeding
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defined grade 4, as did central nervous system (CNS} bleeding
causing neurological deficit or disability, Lethal bleeding was
classified as grade 5.-All major bleeding complications were
reviewed centrally, Infections were scored in case of positive
cultures or if a focus was likely as shown by clinical or
radiological examination. In addition to haematological
paraméters, prothrombin time, activated partial thrombo-
plastin time and fibrinogen levels were measured- regularly:
Some centres performed routine periodic serological testing

of HLA- and/or HPA-alloantibodies, whereas other centres- -

performed these tests only'on indication.

‘Reporting of serious adverse events and Data Safety

Monitoring Board <

Serious adverse events (SAE) for the puipose of this studf were

defined as any untoward medical occurrence that resulted in .

death, a life-threatening event or any other medical condition
that might jeopardize the patient or required intervention to
prevent more serious sequelae. SAE reporting was mandatory
within 24 h of the initial observation. An independent Data
Safety Monitoring Board (DSMB) was installed before the start

of the study. An interim analysis was planned after 300 .

transfusions. All serious adverse events (SAEs) were reviewed
by the DSMB. Two criteria for early stopping of an experi-
mental arm were defined; (i} A negative 24-h CCI (decrement)
not caused by ii-nmunological factors in more than 20% of the
transfusions, (i) Statistically significant more bleedl;ng com-
plications (CTCAE 2 2) compared to the Plasrna arm. .

Power calculation and statistical analysis

The study was designed as a one-sided, non-inferiority study
comparing the 1-h CCI of the transfusions in the PR-PASIII
and PASIHl arms with the Plasma arm. Inferiority of ‘an

" experimental arm was defined as a 20% lower mean 1-h CCI

compared to the Plasma arm. A mean 1-h CCI of 15% and a
standard deviation of 60 were used, based on a previous study

a=298 .

Not evalusbleraligible

Pas Tl PR-PAS TII

Flasma
a=99. w94 p=8s
nTRF « 357 »TRF = 381 A TRF = 391
2 pex protocol TR = 292 n per protocol TRF = 278 n per protecol TRF = 257

Fig 1. The study randomization scheme, together with evaluable
pati tr ions and - endpoi n, number of patients, n PC,
number of single platelet concentrates, n TRF, number of PC trans-
fusion events (includes pooled ). Of the 17 n luabl
patients, four were non-eligible due to anti-HLA antibodies and 13
patients did not receive any platelet transfusions, without differences
between study groups.
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(Kerkhoffs et al, 2006). For a power of 90% and an alpha of
0-025 (multiple testing) 100 patients per arm were required. In
case of multi-dose transfusions, the sum of the platelet content
of the PC was used. If one of the PC products differed from the
allocated arm, the multi-dose transfusion was considered as

not according to protocol. The mean of the storage times of -

the PC in a multi-dose transfusion was used as the storage
time, The.1--and 24-h counts after the infusion of the last PC
of a multi-dose transfusion were used for analysis. To account
for the hierarchical structure of the data with a variable
number of transfusions per patient, the data were analysed
using mixed regression models with random effects for patient
and transfusion number. Besides the CCls, 1- and 24-h post-
transfusion co(xqts, were used as endpoints in regression

Table I, Characteristics of patients and transfusions.

" models with as additional covariates besides arm, platelet

dose, pretrarisfusion. counts and body surface area of the
patient (Davis et al, 1999). The data were analysed by intention
to'treat (ITT) as well as per protocol (PP). To assess safety, the
incidence of bleeding complications and adverse reactions were
analysed -through tabulation, Pearson’s chi-square test .was
used to compare categorical patient characteristics by arm and
the Kruskal-Wallis: test to .compare ordinal or continuous
characteristics by arm: The relationship between storage time
and the post-transfusion counts and CCls was assessed by
adding this factor ds covariate to the regression models. The
association between the patient and transfusion characteristics
mentioned above was assessed by adding each of these
variables separately as covariate to the regression models. All -

: . Plasma PAS I ’ PR-PAS TII
No, of patients : . 99 94 i85
Male/Female ) o 52/47 53/41 47/38
Age, years £-SD : _ 54212 55212 ’ . 53 %12
Body surface atea, m* t SD ) 193 022 T 1941019 . 196 £ 025
Enlarged spleen, N .(%)* 10 (10) 5 (5) } 6(7)
Diagnosis, N (%) ' ‘ . .
AML/MDS - B : 42 (92) 52°(55) 44 (52)
ALL . 9(9) 4(4) 3 (4)‘»
Lymphoma : 22 (22} 4 (15) 18 (21)
Muiltiple myeloma ’ 22(22) 21 (22) 17(200. ¥
Other : . 4(9) 3(3) B NN (g
Therapy, N (%) . . - o
- Remission induclion‘ 47 (47} 46 (49) 39 (46)
Consolidation ~ R 5(5) 6 (6) . 3(4)
Autologous transplantation b32(32) 31(33) . 33 (39)
Allogeneic transplantation : . 12 (12) 5(5) : 6(7) !
- Other 3(3) 6 (6) 4:(5)
Transfusion history, N (%) ' .
RBC concentrates 55 (56) 59 (63) . 43 {51)
PCs - ) 48 (49) 61(65) . . 41 (48)
No. of PC transfusion events ) 357 381 . 391
Product type according to protocol (%) 292 (82) 278 (73)t 257 (66)t
Multi-dose transfusion (%) 14 (4) T12 (3) 11'(3)
PC transfusion indication, N (%)
Prophylactic, trigger based ' . 304 (85) ) 334 (88) ) 327 (84)
Intervention 3’0 25'(7) 44 (11)
Treatment of bleeding complication 11 (3) 19 (5) 16 (4)
Unknown i 401) 3 4(1
Platelet product content, mean x 10" + SD : 39110 36 £ 08t 34 1 081
Storage time, mean days + 8D k 40t 18 38+ 18 40 £'16
Pre transfusion platelet count X 10°/1 & SD 1813 17113 16£ 11}
Major ABO-incompatibility occurred in only six PC transfusions. . ‘
AML, acute myeloid leukaemia; MDS, yelodysplastic syndrome; ALL, acute lymphoblastic leukaemia; RBC, red blood cell; PC, platelet concentrate;
SD, standard deviation: B
*Number (%) of evaluable patients and transfusions, ,
tP < 0001 as compared to plasma, )
1P = 0:04 as compared to plasma. ’
212 © 2010 Blackwell Publishing Ltd, British Journal of Haematology, 150, 209-217
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Table II. Transfusi P P ITT and ding to protoco! (PP).
. Plasma PAS 111 PR-PAS III
No. of patients 99 94 85
ITT 2nalysis .
CCI-1 h, mean + SD 171 £ 73 153+ 65 114 £539 .
Mean diff (97:5% CI)* . ~9% (~22%; 4%)’ -31% (-43%; ~18%)
CCI-24 h, mean + SD . © 128178 116 £ 76 79 £ 539 i
Mean difference (97:5% CI)* ~7% (~26%; 12%) -34% (-52%; ~17%)
PP analysis . .
CCI-1 h, mean £ .SD 171173 153267 - 106 + 501
Mean diff (97:5% CI)* ~10% (~23%; 4%) ~36% (—49%; ~24%)
CCl-24 h, mean £ SD 125477 1776 681 59¢
Mean difference (97-5%CI)* —4% (-24%; 16%) ~42% (—61%; ~23%)
Other response parameters (ITT) .
Cl-1 b, mean % 10°/1 & SD 3415 29%13 20 £ 10§
" CI-24 h, mean x 10°1 + SD 5%15 21%13 T4t 10t
PC transfusions/patient, mean + SD 412 4t3 5%3t
TRF iv)(erval (h), mean t SD 81 47 77+ 44 61 £ 47¢
Transfusion failure (ITT) .
No. of evaluable CCI-1 h 314 340 350
CCI-1 h < 7'5 (%)** 48 (15) .66 (19) 97 (28).9
No. of evaluable CCI-24 h 319 343 351
CCl-24 h < 45 (%)** ' 7_2 (23) 94 (27) 125 {36)1

J-L. H. Kerkhoffs et af

(Tables IV). Storage time, enlarged spleen and fever were
highly significantly associated with lawer CCIs, while the use of
steroids as premedication was associated with a higher 1-h CCI
and transfusion for a bleeding indication was associated with a
lower 24-h CCL o

Bleeding and other clinical complications

A total of 67 new bleeding episodes (CTCAE grade 1~3) were
observed in 60 patients during the on-study period from the
start of the first transfusion, with significantly more
(P = 0034) and ‘higher grade (P =0-044) bleeding in the
PR-PASII group (Tables V). Distribution of bleeding sites
was not different between the study groups. Fourteen of the
bleeding patiénts were on.anticoagulant therapy at the time
of bleeding, without differences between -the groups. We did
not observe lethal bleeding complications in-the on protocol
period; however, one patient in the PR-PASIII arm deceased
due to intracranial bleeding after going off-protocol. We did
not find an association between platelet dose, storage time or
y-irradiation and the occurrence” of bleeding (all grades),
There were no" differénces between the groups with regard to
number of RBC transfusions feceived. The mean number of
RBC transfusions in the plasma group was 4 t 3 as compared

between groups (Tables V). Incidences of infections and
SAE’s were equally distributed among’ the groups, Three
SAE’s were possibly related to PC transfusion, one in each
group. In the plasma group, one patient developed a severe,
generalized skin reaction, a possible case of transfusion-
related acute lung injury was reported in the PASII arm and,
in the PR-PASIII arm, one patient developed acute glottis
oedema that was treated successfully with antihistamines and
steroids. ) )

Discussion

In a non-selected population of thrombocytopenic haema-
tology, patients we studied the transfusion efficacy ‘of
PR-PASIII-PCs and PASII-PCs in terms of incremients,
transfusion failures, PC consumption and transfusion’ interval
as. well as bleeding occurrence and adverse transfusion
reactions, compared to plasma-PC.. In ‘accordance with the
SPRINT trial but in contrast to the EuroSPRITE trial, we
observed inferiority of transfusions with PR-PASIII-PC with
regard to all transfusion efficacy-related endpdints (van
Rheaen et a, 2003; McCullough et al, 2004), Moreover more
patients in the PR-PASHI-PC arm experienced bleeding
complications. As reported previously, both study products

The mean corrected count inciement (CCY) and count increment (CI) values were calculated as the mean of the average CCI/CI of all transfusions per

patient,
ITT, intention-to-treat; PP, per protocol; TRF, transfusion;

*Mean difference with 97:5% confidence interval of PAS 11T and PR-PAS 111 compared to Plasma derived from mixed model regression analyses.

TP < 005, P < 001, §P < 0:001, TP < 00001 as compared to plasima.
**Percentage of evaluable CCls. ’

- statistical analyses were performed using sTATA. P values <0-05
were considered significant,

Results

Patients and platelet transfusions

" Patients were included in the study beginning March 2007,
The inclusion of patients in the PR-PASIII group was halted
after 92 patients in January 2009 on advice of the DSMB
because of lower CCI's (P < 0-0001) and more bleeds
(P = 0:045) compared to the plasma group. Inclusion of
patients in. the plasma and PASIII group ended in May 2009

and overall 295 patients were randomized, There were 17

non-evaluable patients, resulting in a total of 278 evaluable
patients and 1129 transfusion events (Fig 1). There were no
significant differences in the patient characteristics of the
study groups (Table I). A- total of 302 ‘transfusion events
(27%) were not accérding to the allocated study arm, more
frequent in both study arms. Eighty-five percentage-of the off-
protocol PC were platelets stored in PASII, 15% were platelets
stored in plasma, The study products had a lower platelet
content, with 2 mean difference of 6% and 11% for PASIII-
PC and PR-PASII-PC as compared to plasma PC, respec-
tively (Table I, P < 0-001).

Platelet transfusion efficacy -

Al efficacy analyses were done ITT as well as PP, The 1-h CCI-

and 24-h CCI ‘were evaluable in 1004 (88'9%) and 1013
(897%) of the' transfusion events, respectively. The single
reason for a non-evaluable CCI-1/24 h was failure to perform a
platelet count after . transfusion. and, with respect to these
missing evaluations, there were ‘no significant differences

between the study groups or between the PP and. off-protocol.

transfusion events. All transfusion efficacy parameters showed
inferiority. of PR-PASIII-PC transfusions. There were no
significant differences in transfusion responses between PAS-
1II-PC and Plasma-PC (Table II), The proportion PC stored
for 6 and 7 d was equally distributed across the arms, being
24%, 21% and 26% of transfused PC in the plasma arm, the
PASHI arm and the PRPASIN arm, respectively. Both the
1- and 24-h CCl decreased with Jonger storage time in all study
groups. However both CCls were significantly less i PR-
PASIIL-PC at each day of storage as compared to plasma PC
(Fig 2A, B). The 1- and 24-h CCls of PASII-PC were not
significantly ‘different to' those of plasma PC up to 7 d of
storage. Linear regression analysis of 1- and 24-h platelet count
showed a platelet dose-independent effect of PR (Fig 2C, D,
Table III). A number of product- and patient-related covari-

ates were tested for an association with CCls; adjusted for arm
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contained less platelets due to loss of platelets- during the
production process (McCullough et al, 2004; Kerkhoffs et al,
2006; Murphy et al, 2006; Pineda et al, 2006). As CCI might

o 5%3 and 413 in the PASIH and PR-PASII -group,
respectively. Twenty-eight- mostly mild transfusion reactions
occurred in 25 patients, without significant differences.
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Fig 2. Fitted lines from linear regression analyses, restricted to per protoco! transfusions. Black, blue and red represent Plasma, PAS IIT and PR-PAS
TIT groups, respectively. (A, B) 1- and 24-h CCT as function of storage time for the three treatment groups. Point estimates with 95% confidence
intervals and number of transfusions are indicated. The lines are the fitted lines assuming a linear relationship between CCl and storage time for each
group. {C, D) Fitted 1- and 24-h increments as linear functions of storage time for the three treatment groups for a patient with body surface area of
1:93 m?, pre-transfusion platelet count of 12 x 10°/] and starage time of 4 d. Standard error bars are.indicated, :
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Table 11I. Linear regression analysis 1- and 24-h platelet counts.

1-h platelet 24-h platelet
counit count

Beta®  P-value Beta  P-value

" PASHI . -229 0377 179 0507
PR-PASIT 63 0001 -895 - '0:003
Starage time (d) ~1'§5 <0001 ~124 <0-00]
Body surface area (m?) -154 <0001 -101 0002

Transfusion sequence number  —038 0047 ~-008 0686
Platelet product content (x10%) 008 <0001 006 <0-061

Precount (x10°/1° 096  <0-001 096 <0:001 -

*Beta: regression coefficient. Multivariate linear regression analyses
. with patient as random factor and 1-h platelet count (Columns 2 and
3) and the 24-h platelet count (Columns 4 and 5) as dependent vari-
ables. The factors included in the models are shown in the Column 1.
The estimated regression coefficients are shown in the Beta columns,
The regression coefficients measure the strength of the effect per unit
change of the corresponding factor; e.g. the 1-h platelet count decreases
an average of 155 % 10°/} with each additional daybfstoragc. while an
increase of the content of the platelet product with 1 x 10° results in'an
. average increase of 0-09 X 10°/] of the 1-h platelet count. The regres-
sion coefficients for PAS 11 and PR-PAS 11T indicate the average dif-
ference in the post-transfusion counts as compared to Plasma.

“Table IV, Relation between covariates-and the CCI-1 and CCI-24
adjusted for arm.

Clinical Effectiveness of Amotosalen-HC/UVA Treated PC

and serious ad-

Table V. Bleeding, t ion reactions, infe
verse reactions. .

Plasma  PASTH ~ PR-PAS III

" No. of patients 99 94 85
Bleeding sfter first PC
transfusion
No of patients (%) 19 (19), 14 (15) - 27 (32)*
No of episodes 19 16 32
Maximum grade (%) ’
Grade | 12 (12) 10 (1) 16 (19)
Grade 2 6 (6} 44 6(7)
Grade 3 ) (1) - 5(6)
Patients with transfusion 1) 89 6(7)
reactions, N (%) .
No. of transfusion reactions 13 8 .7
Severity of events i
No or minor morbidity BN 7 6
Moderate morbidity i - 1
Serious morbidity. 1 o1 -
Patiénts with infectious 40 (40) 39 (41) 42 (49)

complications; N (%)
Maximum grade (%)

1-h cal 2-h ol

Beta* (SE) Pvalue Beta (SE) P-value

Storage time (d) =09(01) <000001 09 (1) <0G000L
Spleen enlargement =57 (14) <0-00001 -65 (1:5) <0-00001
Fever . ~17 (0-4) <0-00001 —-1'5 (0-4) ~ 0-0003
Steroids 26(111) 002 10(113) 043
Indication bleeding 1-1.(10) 029 -25(1'1) 002
Indication Intervention —0-6 (0-8) 039 ~0-4 (0:8) .- 0-64
 Age (years) 02(03) 049 00(03) 097
Sex 1108 017 03 (08) 076
Prior platelet TRF ~10(08) 022 ~10{0:8) .024
Prior RBC TRF ~09(08) 025  -07{08) 042
Prior TRF reactions ~ —24(15) 012  -03(17) 084
Infection L 05 (05) 033 —05(05) - 027
Mucosal damage -0 (05) 082 01 (05). 082
ABO mismatch 02 (04) 068 04 (04) 033
Anti-histamines -6 (13) 021+ -18(13) 016
Anti-coagwation -13(13) o031 -21{I'4) 0W
Acetaminophen 11 (13) 0639 =13 (13) 031

Univariate random effects 1egression analysis adjusted for arm.

All covariates, with the exception of storage time and patient age, afe
nofyes covariates,

SE, standard error; TRF, transfusion; RBC, red blood cell concentrate,
*Beta: regression coefficient.

not adequately correct for dose differences between arms,
linear regression analysis of the post-transfusion platelet
counts were performed using the covariates of treatment arm,

Grade 1 (%) ] - -
Grade 2 (%) 3 5 &
Grade 3 (%) jo a2 28
Grade 4 (%) 6 4 8
Grade 5 (%) - 1 -
I 1! [ refractoriness, 2(2) - 2(2)
N (%) |
SAEs, N. 7 3 "5
SAE related to PC transfusion "~ 1 1 1
Death, N o 3t 1 3

Except for the number of bleeding episodes, the numbers in the table
reflect numbers (percentage) of patients. For the grades of bleeding
and infections the maximum grade is' used in case of more than one
bléeding episode or more than one infection,

*P = 0-034 as compared to plasma.

1One gatieﬁt died in the plasma arm 24 d after the last transfusion (the .

fifth) without serious adverse event (SAE) report. The cause of death
was reported on the off study form as related to the treatment of the
underlying disease, with fever presumably due to sepsis.

platelet content and storage time, which also showed an
independent effect .of PR-PASIII PC (Davis et al, 1999).
Using the linear regression analysis we estimated that a PR-
PASIII-PC would need to contain an average of 200 x 10°
platelets extra (i.e; approximately 3 BCs) to achieve a com-
parable count increment. The relationship between storage
time for both CCIs showed a constant difference at each
incremental day of storage, suggesting the decreased viability
of a fixed number of platelets and normal disappearance of
surviving platelets after treatment with this PR technique. To
the same extent as plasma PC, PASIII PC showed a decrease
in transfusion efficacy up to 7 d of storage and no difference
in bleeding complications. Qur results with regard to lower
increments are in agreement with the SPRINT study. The
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* phase IV trial may be due to the usage of PCstored in PASIT
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discordance with the EuroSPRITE as well as with'a large

in approximately half of the reference group attenuating the
results of the reference groups in these other studies (van
Rhenen et al, 2003; Osselaer et al, 2009).

Patients in the PR-PASIIl group experienced more bleeds

and more grade 22 bleeding compared with both the other

‘arms, The EuroSPRITE and the other smaller European RCT

reported no differences between the study arms with regard
to bleeding complications (van Rhenen et al,. 2003; Janetzko

_ et al, 2005). However, in the extended safety. report of the

SPRINT trial the frequency of grade 24 bleeding appeared
significantly higher in'the PR-arm, 43% as compared to 34%
in the control arm (P = 0:02) (Snyder eral, 2005). It is
unlikely that the:difference in bieeding complications could
be solely explained by a lower platelet dose resulting in lower
post transfusion platelet peak levels. Estimating that approx-
imately one-third of platelets were non-viable in PR-PC, the
platelet dose .was still comparable with the low to medium

_ dose applied in a recently presented platelet dose trial, which

showed that bleeding complications did not differ between
low, medium..or high dose levels of platelets transfused
(Slichter et al, 2010). Possibly, damage of platelet mitochon-
drial nucleic acids by PR may not only result in loss of
viability of a pfoportion of platelets, but may also impair
haemostatic eapacity (Keuren et al, 2006; Apelseth eral,
2007). We did not find significant differences in transfusion
reactions, as observed in larger trials using BR-PASII PC
(Osselaer et al, 20082, b).

This study has some shortcomings

The number of off-protocol transfusions in the PR-PASIIl arm
could be regarded as an important limitation of our study.
However, performances of both an ITT as well as a PP analysis
lead to similar conclusions. The open label aspect of our study

was not expected to influence platelet counts, the primary

endpoint of our-study, although we cannot completely exclude
bias with regard to evaluation of bleeding.

In conclusion; although there are clear advantages and
arguments in favour of PR techniques to increase transfusion
safety, our results warrant their reappraisal prior to routine

implementation. The process of PR using amotosalen-HCY/

_ survey on the nature and consequences of amotosalen-HCY/ |

UVA probably leads to decreased platelet viability and perhaps
compromises haemostatic function, the primary goal of
platelet transfusions in high risk patients. A comprehensive

UVA-induced platelet. damage is needed to understand how
this damage can be compensated. for in routine transfusion
practice.
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Clinical effectiveness of leucoreduced, pooled donor platelet concentrates,
stored in plasma or additive solution with and without pathogen reduction -
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ORIGINAL ARTICLE

JAERTFYT R SCE]

~ Meta-analysis of the randomized controlled trials of the
hemostatic efficacy and capacity of pathogen-reduced platelets

Eleftherios C. Vamvakas

BACKGROUND:; A recent independently funded ran-
domized controlled triai (RCT; Br J Haematol 2010;150:
209-17) questioned prevailing opinion conceming the
hemostatic capacity of pathogen-reduced platelets
(PLTs). Meta-analysis was used to calculate the effect
of pathogen reduction (PR) of PLTs on hemostatic effi-
cacy and capacity based on all available data and to
investigate possible reasons for the variation in reported
findings. ‘
STUDY DESIGN AND METHODS: RCTs allocating
patients to receive routine PLT transfusions with
pathogen-reduced or untreated PLTs and reporting on
at Isast one of six hemostasis endpoints were eligible
for analysis. Five RCTs of hemato-oncology patients

. met eligibility criterla. Endpoints determined by similar
‘criteria in alt RCTs were integrated by fixed-effects
methods. Endpoints determined by different criteria
were integrated by random-effects methods.
RESULTS: Studies were statistically homogeneous in
all analyses. Pathogén-reduced PLTs were associated
with a significant (p'< 0,05) reduction in 1- and 24-hour
posttransfusion corrected count increments {summary
mean ditference, 3260; 95% confidence interval [cn.
2450-4791; and summary mean difference, 3315; 95%
Cl, 2027-4603) as well as a significant increase in all -
and in clinically significant bleeding complications
{summary odds ratio [OR), 1.58; 95% Ci, 1.11-2.26; and
summary OR, 1.54; 95% ClI, 1.11-2.13). The frequency
of severe bleedlng complications did not differ.
CONCLUSION: The results of the recent RCT are not
Inconsistent with those of the earlier studies. Introduc-
tion of PR technologies in their current stage of devel-
opment would result in an increase in mild and
_moderate (albeit not severe) bleeding complications,
which the transfusion-medicine community must explic-
itly tolerate to reap the benefits from PR.

athogen reduction (PR) of platelets (PLTs) results

in a predictable loss of PLTs." Because fewer

PLTs are transfused, there is a decrease in post-

transfusion PLT recovery and survival,** as well
as an increase in the number of transfused PLT concen-
trates and a shortening of the interval between PLT trans-
fusions.! However, if the reduction in effective PLT dose
can be overcome by increasing the number of transfused
concentrates,®® because these PLTs are pathogen reduced,
prevailing opinion®® has held that the advantages of PR
(i.e., the elimination of the residual risk of transfusion-
associated sepsis'®' and the prevention of most emerging
transfusion-transmitted infections®*) more than compen-
sate for any disadvantages. &9 The finding that half-dose

. PLT transfusions may prevent bleeding as effectively as

standard-dose transfusions in patients with hypoprolif-
erative thrombocytopenia (provided that more frequent
transfusions are administered)'? strengthened the belief
that patients receiving pathogen-reduced PLTs would not
be at increased risk ‘of bleeding because they receive a
lower PLT dose. Observational studies after the imple-
mentation of PR in some countries'®" did not record any
increased bleeding in the recipients of treated PLTs, but

neither did they document the expected increase in the

number -of transfused concentrates. Most likely, PLT

ABBREVIATIONS: CTC = Common Toxicity Criteria;

- CTCAE = Common Terminplogy Criteria for Adverse Events;

DIC = di: inated intravascul ion; PAS = platelet
:additive solution; PR = pathogen reduction; PWBD = pooled
whole blood-derived.
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- transfusions had been previously overutilized, so that the

effective reduction in PLT-dose did not result in a visibly
increased need for PLTs.® It is also possible thatan increase
in mild and moderate bleeding complications might have
gone unnoticed outside the framework of a randomized
controlled trial (RCT).

To derive the benefits of PR,*"! transfusion medicine
professionals are willing to accept a margin of inferiority
in the hemostatic efficacy (or even capacity) of the
pathogen-reduced -PLTs.* Hemostatic efficacy refers to
the 1- (and/or 24~} hour posttransfusion corrected count
increments (CCls); hemostatic capacity refers to the
ability to prevent bleeding, that is, to the frequency of
bleeding complications in-patients receiving pathogen-
reduced PLTs versus controls. The RCT of the riboflavin/
ultraviolet (UV)A light (Mirasol, CaridianBCT, Lakewood,
CO} technology* defined “noninferiority” as a 20% reduc-
tion in the I-hour CCI after transfusion of pathogen-

. reduced (compared to untreated) PLTs.

“The proof of the pudding for a PLT component isits
ability to prevent and.treat hemorrhage.”® A recent inde-
pendently funded RCT'® disputed whether such proof
had been provided for the pathogen-reduced PLTs by the
initial (manufacturer-sponsored) RCTs.""" In. the recent
study’® compared with. patients receiving untreated
PLTs also stored in PLT additive solution (PAS) III, sub-
jects receiving' pathogen-reduced PLTs had a more
than threefold (15.3% vs. 4.3%) higher risk of Common
Terminology Criteria for Adverse Events (CTCAE) and
Common Toxicity Criteria (CTC) (http://ctep.cancer.gov/
protocolDevelopment/ electronic_applications / ctc.htm)
Grade 2 or greater hemorrhagic events. This difference
was both significant (p < 0.05) and clinically too big to be
ascribed only to the reduction in effective PLT dose sec-
ondary to PR. Since patients receiving pathogen-reduced
PLTs were given prophylactic transfusions for counts of
10 % 10%/L or less,'® and since the effective PLT dose in the
PR arm'® was higher than half the standard PLT dose,"?
enrolled subjects should not have had:such an increase in
bleeding complications. -Nonetheless, an independent
Data Safety Monitoring Board . inter-

centrates was undertaken to: 1) produce an estimate of
the inferiority of pathogen-reduced PLTs in terms of
hemostatic efficacy. and capacity based on all available
data and 2) investigate possible reasons for the variation
in the findings of the reported studies:

MATERIALS AND MEfHODS »

Three PR procedures for PLTs have reached or, are
approaching clinical application.® All three are photoinac-
tivation methods sharing the use of UV light, and two of
them (amotosalen-HCl/UVA light [(Intercept, Cerus Corp.,
Concord, CA] and riboflavin/UVA light {Mirasol]) have
undergone testing of their effects on the hemostatic effi-
cacy and capacity of transfused PLTs. Treatment of PLTs
with UV light alone (MacoPharma, Tourcoing, France) has
not yet proceeded to the clinical trial stage.®

Study retrieval

A computerized (PubMed) search of the English literature
targeted studies- that had appeared between January 1,
2001, and June 30, 2010 (Table 1). The electronic search
was supplemented by a manual search for abstracts pub-
lished in the supplements of transfusion medicine and O

hematology journals between January 1, 2008, and June \o

30, 2010, and the reference lists of retrieved articles were
reviewed for pertinent citations. RCTs allocating patients
to receive routine PLT transfusions with either pathogen-
reduced or untreated PLTs were eligible for inclusion in’
the meta-analysis if they had reported on at least one of six
(hemostatic efficacy and/or capacity) outcomes.

PLT transfusions were regarded as routine if: 1) trans-
fusion decisions were made by the patients’ treating phy-
sicians based on the standard criteria used.at each
participating institution; and 2) transfused components
were not manipulated in ways other than PR, A study
was included in the meta-analysis if data on.one of the

rupted enrollment into the PR arm

TABLE 1. PubMed search strategy

owing to the. increased frequency of

. N Search statement Search terms Number of citations
Grade 2 or higher bleeding (p <005 | & Flatelet AND ransfusion 12,764
compared to a third [reference] arm #2 ‘Pathogen reduction OR pathogen inactivation 41
of patients receiving PLTs stored in #3 Amotosalen OR “S 59" OR §59 902
! plasma).’s #4 Riboflavin . 12,919
’ s #5 “Uttravidiet-A light” OR “UVA light” 547
Because these results'® have ques- #6 Intercept OR Mirasol 5,264
tioned the .-basis -of our prei/aﬂjng #7 #2 OR #3 OR #4 OR. #5 OR #6 . to19;817
assumption®® that ‘the - reduction in |. :g :: ::g :; . 1:;
effective PLT dose owing to PR can be Limits: English; publication date from January )
overcome by. simply increasing the 1, 2001, to June 30, 2010
#10

number 'of transfused concentrates, a
meta-analysis of all available RCTs of .

#1 AND #9 . 13
Limits: clinical trial, randomized controlled :
trig), controlled clinical trial
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following outcomes had been reported: 1) 1-hour CCI
(mean * SD); 2} 24-hour CCI (mean * SD); 3) PLT trans-
fusion interval (days, mean * SD); 4) number of PLT
transfusions {number of therapeutic doses, mean * SD});
5) number of red blood cell (RBC) transfusions (number
of units, mean * SD); and/or 6) proportion of patients
having bleeding complications (mild or moderate versus
severe, number (%]}, When' the information needed for
meta-analysis had been presented in separate reports of
the same RCT, information for the meta-analysis could be
retrieved from all the reports of that RCT.

All studies meeting the aforementioned eligibility cri-
teria were to be included in the meta-analysis regardless
of study quality. Delaney and colleagues'® proposed a list
of items for assessing the quality of reporting by RCTs of

PLT transfusion, based on both the CONSORT-Statement.

checklist and a checklist specific for PLT transfusion. PLT

transfusion-specific items most pertinent to the quality of -

the RCTs included in this meta-analysis related to the
information reported on the following study descriptors
investigated here as sources of variation in the presented
results.

Study descriptors

PLT concentrate transfused to the treatment arm
Pathogen-reduced PLTs are stored in a mixture. of
approximately 35% plasma and 65% PAS."” Because
" psoralens bind noncovalently to plasma proteins and
lipids, the plasma ratio. must be maintained within
tightly controlled limits (30%-45%). Apheresis and
pooled whole blood-derived (PWBD) PLTs prepared by
the’ PLT-rich plasma method in the United States, and
some of the apheresis and PWBD PLTs prepared by the

buffy coat method in Europe, are not stored in PAS. For -

this redson, the "hemostatic efficacy and capacity of

pathogen-reduced PLTs prepared by each method must -

be demonstrated separately. Buffy coat and apheresis

- PLTs differ in many quality control measures," raising
the possibility that one or the other component might
incur ‘a greater reduction in hemostatic efficacy and/or
capacity after PR,

Storage medium of PLTs transfused to the control arm
In vitro studies have shown significant differences in
metabolic, functiopal, and flow cytometric variables for
PLTs stored in PAS Il compared with plasma,®% and an
RCT reported reduced 1- and 24-hour CCls along with
‘reduced pH for buffy coat PLTs stored in PAS II versus
plasma.?® The lower PLT content could be ascribed to
less efficient separation owing to a viscosity-related dif-
ference in the PLT distribution during centrifugation;
the lower pH to the lower intrinsic pH of PAS II, ‘the
lower buffering capacity, and higher lactate production.?

PATHOGEN REDUCTION OF PLTs

One paired radiolabeled PLT survival study showed
a significant decrease in both -the recovery and the
survival of PLTs stored in PAS IT versus plasma.** In con-
trast, PAS III has been shown to perform equally. to
plasma.'s ’

Length of storage and number of PLTs contained in
transfused components

If PLTs given to the control arm have been stored in a PAS
medium whose performance is inferior to that of plasma,.

" 1- and 24-hour CCls in the control arm may be reduced,

thereby reducing or concealing any decrease in the hemo-
static efficacy of the treated PLTs.'® Increased storage time
correlates with a reduction in both the 1- and 24-hour
CCls.'622¢ Extended storage of PLTs for 6 to 7 days results
in a modest decrease in 1- and 24-hour CCIs when PLTs
are stored in plasma?’* and in significantly lower CCls
and a shortened interval between PLT transfusions when
PLTs are'stored in PAS IL% The number of PLTs contained
in components pathogen reduced by nonoptimized
methods could also be reduced to a level associated with
reduced CCIs and/or increased bleeding complications in
the treatmént arm. )

Patient population and indications for transfusion
More than 80% of PLT transfusions are given to prevent

bleeding complications.”'® Patients enrolled in the -

reported RCTs could consist of unselected hemato-
oncology patients needing prophylactic PLT transfusions
at a given trigger (either =20x 10° or =10 x 10°/L) or
before invasive procedures or needing PLT transfusions
to treat bleeding; alternatively, they could consist of
hemato-oncology patients selected in. a manner that
excludes subjects with factors predisposing'to PLT con-
sumption:® The latter may have included history of
immune thrombocytopenia; history of alloimmuniza-
tion; or refractoriness to PLT transfusion, acute surgical
condition, and psoralen UVA therapy as well as splenom-
egaly and disseminated intravascular coagulation (DIC)
or fever. Such factors predispose to PLT transfusion
failure.3*3 Exclusion from RCTs of the thrombocytopenic
subjects with these clinical factors (i.e,, the subjects most

likely to bleed or need increased PLT transfusions while’

receiving PLT transfusion support) could reduce or
conceal any decreased hemostatic capacity of PLTs
treated with PR. Depending on the listed exclusion crite-
ria, hemato-oncology patients were categorized as
selected or moderately selected. For included patients to
be categorized as unselected, only the following exclu-
sions were permitted: 1) patients with HLA or PLT-
specific alloantibodies and current refractoriness to PLT

transfusions requiring support with apheresis compo- °

nents from matched donors and 2) pregnant or pediatric

. patients.
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Period under observation .

If patients were under observation for a longer period,
they could manifest bleeding complications over a longer
interval, with the RCT potentially recording a higher fre-
quency of bleeding complications. By the same token,

if the' period over which bleeding complications were:

recorded had been less than the total study period, the

trial could have recorded a lower frequency of bleeding.

complications. For example, the only fatal cerebral hem-
orrhage occurring in the RCT of Kerkhoffs and colleagues'®
happened after a subject from the PR arm of the trial had
gone off protocol; therefore, this bleeding event was not
included in the analysis of the RCT. Accordingly, the meta-

;analysis extracted information on hemorrhagic events

pertaining to the maxiral period during which this infor-
mation had been made available, recording the length of
study follow-up, the total number of PLT transfusions, the
interval between PLT transfusions, and the period during
which bleeding complications were recorded.

Ascertainment and frequency of bleeding complications
Ascertainment of bleeding was made by different methods
and:bleeding was recorded at different intervals and by
blinded versus unblinded assessors. Thus, a_trial could

have recorded mare frequent bleeding complications if

ascertainment. of bleeding events had taken place more
frequently or it could have recorded bleeding differentially
between the arms if it had used unblinded assessors.

Definition of bleeding severity

Bleeding was recorded as “all” versus “severe,”"” by World
Health Organizaton (WHO) grade,* or based on.the
CTCAE/CTC, Version 3.0 scale {(or Version 2.0 of the same
scale).® In the SPRINT trial,! bleeding occurring during
the transfusion period was initially presented by WHO
grade.! Subsequently® bleeding occurring during both

the transfusion and the surveillance periods was graded

by blinded personnel on a scale from-1 to 4 based on the
CTC Version- 2.0 scale.®® The more recent version of this
scale was -used by Kerkhoffs and colleagues.'® Briefly,
Grade 1 bleeding comprises petechiae and minimal or
microscopic bléeding niot requiring interventions, Grade 2
bleeding comprises symptomatic” bleeding for which
minimal intervention (e.g., cauterization) may be needed.
Grade 3 bleeding requires RBC transfusion or other
intervention; ‘it also includes -generalized petechiae
and/or purpura and retinal bleeding with visual impair-
ment. Grade 4 bleeding is catastrophic bleeding, such as
intracranial bleeding causing neurologic deficit or disabil-
ity. The distinction bétween Grade 1 and Grade 2 bleeding
can be subtle. For exaimple “mild” rectal bieeding is Grade
1, whereas “persistent” rectal bleeding requiring medica-

_ tion (e.g, steroid suppositories) is Grade 2; vaginal bleed-

ing is Grade 1 if it requires fewer than two pads per day,
but itis Grade 2 if it requires two or more pads per day; and
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so on. When the similar WHO grading scale® is used,
Grade 2 or greater bleeding is considered “clinically
significant.”*

Bleeding is a complex outcome because it is a com-
posite (three types of bleeding: Grade 2, Grade 3, and
Grade 4).% Two recent RCTs of PLT dose'*® recorded an
absolute difference of approximately 20% (70%'? vs. 50%%)
in the frequency of WHQ Grade 2 or greater bleeding, Mea-
suring and grading bleeding is difficult, and observers
often disagree.’*¥ The WHO bleeding scale has not been
validated using measurement methodology, and its repro~
ducibility, accuracy, and face validity remain to be estab-
lished.?® Accordingly, ‘the meta-analysis distinguished _
between “all” bleeding,-clinically significant bleeding, and
“severe” bleeding. Bleeding categorized as “severe” by the
investigators!” or as Grade 3 or greater on the CTCVersion
2,0% or Version 3.0'¢ scale (or the WHO scale if grading on *

the CTC scale was unavailable) was recorded as severe in

the meta-analysis. Similarly, Grade 2 or greater bleeding
on the CTC Version 2.0% or Version 3.0'® scale (or the WHO
scale if grading on the CTC scale was unavailable) was .
recorded as clinically significant.

Proportion of transfusions administered in violation of
study protoco! : )
Protocol violations could have occurred because of errors . -
or because a PLT transfusion was needed when the spe- p~

cially prepared component required by the protocal was (O

not available in the inventory. Violations occurring equally
in both arms would reduce, and possibly conceal, any
adverse effect-of PR on hemostatic efficacy and/or capac-
ity. Violations occurring selectively in the treatment arm’
(because pathogen-reduced PLTs were unavailable when
needed) would have had the same effect (provided that
the component given to the control arm did not have
reduced hemostatic efficacy, as would be the case for PLTs -
stored in PASID.

Statistical analysis

Results of studies were integrated jf the variation in
reported findings was sufficiently modest to be attributed

‘to’ chance:® The magnitude of the variation in reported

findings was evaluated by a Q test statistic. The p value
calculated for the Q test statistic represents the probability
that the noted variation could have arisen by chance. The
hypothesis of homogeneity was notrejected if the p value
was 0.10 or greater for the Q test statistic, that is, if there
was at least .a 10% probability -that the disagreements
arnong the studies might have arisen by chance.

When RCTs determining the occurrence of a hemo-

- static efficacy or capacity endpoint by similar criteria were

integrated, study results were combined by fixed-effects
methods. When the outcome was reported as mean * SD -
(i.e., for the 1- or 24-hour CCI, the number of PLT or RBC




transfusions, and the PLT transfusion interval), a
summary mean difference between patients receiving
pathogen-reduced versus untreated PLTs was calculated
across the RCTs by the method of Cochran.* For the fre-

quency of bleeding complications, a summary odds ratio -

(OR) in subjects- receiving pathogen-reduced versus
untreated PLTs was calculated across the RCTs by the

method of Peto.? When RCTs determining the occurrence -

‘of an endpoint by different criteria were integrated, sum-
mary ORs weré calculated by the random-effects method
of DerSimonian and Laird.*® Subgroup analyses were con-

" ducted to investigate the effects of the sources of variation
(or study descriptors) listed above. In the subgroup analy-
ses, RCTs were stratified according to the levels of each
study descriptor.

, RESULTS
Study retrieval

Five RCTs"!*"7% met the eligibility criteria of the meta- .

analysis, Four''%1"4¢ had evaluated the amotosalen-HCl/
UVA light technology and were retrieved through the
electronic search of the literature. These four studies
tested treated PLTs suspended in approximately 35%
plasma and 65% PAS III (InterSol, Baxter, Lessines,
Belgium;!"4¢ Baxter, Deerfield, IL;" or Fenwal, Lake Zurich,
IL'%). Two reports of the SPRINT trial'® were used to
retrieve the information needed for the meta- -analysis
(Table 2). One study of the riboflavin/UVA light technol-
ogy was retrieved through the manual search of abstracts-
and has since been made available in complete form.'s All
five RCTs"'*!"“ enrolled hemato-oncology patients. All
‘randomly assigned patients receiving at least one PLT
transfusion were included in the reported analyses.
Two RCTs*®4® (n =20% and n=10%) retrieved elec-

onically were excluded because they were crossover

studies in which patients had received both pathogen-
reduced and untreated PLTs in different time periods. A
significant treatment-by-period - interaction had been
observed in one study,* while in the other study* the
investigators had transfused RBCs to maintain a hemat-
ocrit (Het) of at least 25% (because Het affects bleeding
time—the study’s primary outcome). Two RCTs*?
(n = 20% and n = 201*") retrieved electronically® or through
the manual search of abstracts*” were excluded because
they had transfused only PLTs stored for 6 (20%) or 7 (80%)
days* or 7 days*—that is, past the allowed storage period
of PLTs. Rather than evaluating efficacy, these studies**".
targeted cost-effectiveness and aimed to demonstrate that
theintreduction of PR with the Intercept technology could
permit extension of the PLT storage period to 7 days (so as
to offset the cost of PR by reducing PLT outdating). Length
of storage reduces PLT efficacy,?"2*48 making the inter-
vention evaluated in these studies*s*’ different from that in
the other studies (Table 2. The other reports located by the

+
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last step of the electronic search (Table 1) were observa-
tional studies,” further analyses of the SPRINT trial,>%
experimental studies of normal volunteers’ or studies
unrelated to the purpose of the search. Review of the
abstracts of all studies located in the step before the last
step of the search (Table 1) did not identify any other RCT
meeting the eligibility criteria. .

Regarding study quality, three RCTs"" were double-
blind and two'*'® were open-label investigations. The
studies''1"# had reported adequiately on the descriptors

relevant to the meta-analysis (Table 2). Only two stud-"

ies, 1 however, had optimally determined the occurrence

of bleeding complications' (Table 2): the SPRINT trial® -

and the RCT of Kerkhoffs and coworkers'® and of these
only the SPRINT trial'* had used blinded assessors, The
euroSPRITE trial'” and the Mirasol study'® supplemented

the observations made by the investigators (Table 2) with .

hemorrhagic events recorded as part of the documenta-

tion of adverse events, while Janetzko and coworkers*

relied on the recording of adverse events because bleeding
was not an endpoint in their trial, Because the available
RCTs had used different criteria for determining the
occurrence of bleeding complications, the meta-gnalyses

of the bleeding complications used raridom-effects

methods for the synthesis unless otherwise stated.

Hemostatic efficacy

Table 3 shows the results of the meta-analysis integrating
four RCTs'*!%# juxtaposed with the corresponding find-
ings of the SPRINT trial.! The SPRINT trial' had reported a
mean without the associated SD for each endpoint listed

in Table 3; thus its findings could not be integrated with

the results of the other RCTs,!¥'7* Both the meta-analysis
of the four RCTs'>"* and the SPRINT trial' demonstrated
asignificant (p <0.05) reduction in the 1-hour CCI, a
significant reduction in the 24-hour CCI, a significant
increase in total PLT transfusions, and a significant reduc-
tion in the interval between PLT transfusions in associa-
tion with PR,

For. the 1-howr CCI, the summary mean difference
from the meta-analysis of three RCTs of the Intercept tech-
nology'®"’4¢ was 3156 (Table 4), compared with 4900 in the
SPRINT trial’ (Table 3) and 5214 in the Mirasol study'®

‘(Table 4). Although the reported effect of PR was greater in

the SPRINT trial! and the Mirasol study' than in the three
other studies'®/7*¢ combined; all three findings were sig-

" nificant. The Mirasol study’® presented a detailed nonin-
feriority analysis. Limiting the analysis to first eight PLT

transfusions for which a 1-hour CCI had been obtained
within 30 to 90 minutes posttransfusion, the study'S failed
to show noninferiority of the PR-treated PLTs based on
predetermined criteria. The difference between subjects
receiving PR-treated PLTs and controls was ~5214 (95%
confidence interval [CI], -2887 to -7542). The 95% CI
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TABLE 2. RCTs investigating etfects of PR on the hemostatic efﬁéacy and/or capacity ol the iransfused PLTs

‘Mitasol Clinical Evaluation Study

110}

Group'® (n

Apheresis concentrates

5.0 (CaridianBCT, Lakewood,
CO; 73.9% of transfusions); or
pools of six WBD buffy coat
concentrates (26.1% of
transfusions)

collected on Trima Version
Apheresis concentrates

=278)

Pooals of five WBD buity coat
concentrates L

" Kerkhotfs et al*® {n

43)

processing of reated PLTs in

- -danetzko etal: (n
collected on the Amicus
saparator with an optimized
integrated set to minimize PLT
fosses {compared with the
the SPRINT trial')

=645)

SPRINT tral'® (n
separator (Baxtar Healthcare,

collected on the Amicus
Round Lake, IL)

Apt

= 103)
coat concentrates; the number

. of concentrates in the pool
* depended on the participating

e(roSPRITE trial'” {n
center

Pools of five or six WBD buffy ..

the treatrent arm

Swdy descriptor (sotrce of
PLT concentrate transfused to

variation in resufts)

Pools of five WBD bty coat

Pools of four or five WBD buffy

PLT concentrate transfused to

pools of six. WBD buffy coat
concentrates suspended in

collected on Trima (74.8%) or
100% plasma {25:2%})

94; control arm

99) in which the

untreated PLTS were

used in the meta-analysis);

concentrates suspended in
additional reference

PAS it like the
pathogen-reduced

PLTs (n

arm (n

separator and suspended in

«collected on the Amiciis
100% plasma

separator and suspended in

collected on the Amicus
100% plasma

i

caat concentrates (depending
on the participating center),
suspended in 35% plasma
and 65% PAS if (T-Sol;
Baxter; Lessines,
Belgium-—two centers} or
100% plasma {two centers)

the control arm

Treatment am: 2.7 = 1.1

suspended in 100% plasma
Treatment anm: 3.1 +~ 1.0 Treatment arm:; 4.0 * 1.6

Contol arm: 3.2 + 0.8

Treatment arm: 3.4 = NR

Treatrhent am: 3.5 + 1.1

Mean * SO length of storage of

Control arm; 2.6 = 1.1

Controi am: 3.8 = 1.8*

Control arm: 3.6 = NR

Control arm: 3.4 = 1.2

concentrates {days} .
Number of PLTs (mean = SD}

transfused PLT

Treatment arm: 4.1 * 1.2

Treatment arm: 3.7 = NR (20%
. contained < 3.0 x 10')

Treatment arm: 5.2 = 2.1%

Treatment arm: 3.4 + 0.8

Treatment arm: 3.9 = 1.0

contained in the PLT

components {x10'")

Control arm: 5.2 + 2.0

‘Control amn: 3.6 = 0.8

Control amm: 3.8 + 0.4

Reference {plasma) arm:

39> 104

Unselected

Control arm: 4.6 = NR (12%

Control arm: 4.3 + 1.2

contained < 3.0 x 10')

Selected sple‘nomega?y. oic,
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H g2 c =2 3 3 § TABLE 3, Effects of PR on the h ic efficacy of transfused PLTs
? £ § o5 £ 3 I 1 8 H - Meta-analysis of four RCTs'*17+
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§= ‘Eg 2 g § L § § 8 £ : 53 % §§§ \%5 2B § E SEEBEY study.*® Figure 1 shows the OR of ‘all, clinjcally sign- by thie PR technology employed in each study, the differ-
'g 3°8°5F5 3 2 ! v oew omer 8 B2 ificant; or severe bleeding complications in each of the ences in all and - in clinically significant bleeding
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1.06-2.0°
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1.06-2.07*
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Al

>0.75
NAf®
NAT®
>0.10%

0.90-3.89
0.61-2.53
1.23-2.66°
047211

0.98-2.12
patients; 4) had committed a higher propartion of protocol violations (>25% com-

with =50%—Table 2).

187
1.25
_!.81
100
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IS
ions (<30%

in five study descriptors—Table 2) was not included in the
meta-analysis, there was no increase in all bleeding com-
plications across the four other RCTs.'1%$% When the
analysis was limited to the clinically sxgmﬁcant bleeding

complications though, PR was associated with a signifi- ‘

cant increase in bleeding complications even when the

_RCT of Kerkhoffs and coworkers'® was not included in the
analysis. The meta-analysis further showed a significant
increase in all and in clinically significant bleeding com-
plications in association with PR across RCTs using a
10 x 10°/L prophylactic PLT transfusion trigger.!%

g DISCUSSION L
: The princi . ’ 5358523
principal finding of this meta- slegagze
analysis is that the results of Kerkhoffs 8|3 22848
° and colleagues'*—which questioned our o| |°° "~
-~ . previous assumptions®*—are not incon- E o
¢ . sistent with the earlier literature. The . ' El
1 + + + 4 * ¢ & five RCII‘s‘-’S'”-“ mtegated in this meta- . ) : e SRS
- i + 9| analysis were consistently homoge- S gl lg{mmTmo®
I * ! I neous. The hypothesis of homogeneity - gl 8
) of effects*® was not rejected in any analy-
- sis, that is, variation in the findings of the 2
S it f—f—t—t —t T —+ T —t— available studies in all meta-analyses 'g ; §
] E E: 'g E - E 'E g E g - s»,g E ; 'g g g - cop]d al'wayshave misepbychance. §-§ g'goe gﬁ_"’é
< wy e % - S5 23 [ ,§ w e % 23 g Concerning the studies of the ElE g'§¥;§<;;
£ g £ : E £ . i , Slsaltzrzz2z
g % g § 2 g % g E o EZ 3 é £ E amotosalen-HCl/UVA 'llght technology, § 5
g w Tt =3 zw % =3 9.6 5 £ & 3 the results of the studies represented 2 g
§ x 3 ¥ . g x continuum, from the findings of the 2 s
g euroSPRITE trial'” and of Janetzko and - ) R g
o coworkers*—who observed no differ- ’ : 3 Hembens
ence in the 1-hour CCI or the bleeding 5 Sl3 ¥ :}'u i
Fig. 1. ORs of all bleeding complicatt linically significant bleedlng cnmpliw- complications—to -the middle-of-the- g « § g & 3 5 $ &
tions, and severe bleedt lications in pati iving p road results-of the SPRINT trial' * and to g [0 {°°7° 7
versus umreat.edPL'rsintheRCIh luded in the met lysis, !5 naner and the recent findings of Kerkhoffs and ‘3 g
y ORs of bleedi lications across the studies lha( had presented each.  colleagues's-—who observed larger dif- 3 § é 8
of these outcomes. When the 95% CI for the OR does not include the null value of 1, ferences between the arms than had > ‘5 2] % ;.;’ 5888
the difference is significant (p < 0.05), "beenreportedby the SPRINT trial. " The é TE; z - eaa
v ' ) resulis of the single RCT of riboflavin/ 3| 8] 1€
UVA light technology'® were similar to N g
.o the findings of the SPRINT trial."*® 282
meta-analysis—did not attain significance. The summary Accordmgly, because the five available RCTs!'3""* repre- E ; §
OR of severe bleeding complications across the Intercept sent a continuum, in the future the accumulated experi- E g gl o mpee
studies!®173%4 wag 1,22 (95% CI, 0.83-1.78); the OR in the ence from all 1080 subjects'***"* analyzed here should be = 2% ot ry
Mirasol study'® was 2,04 (95% CI, 0.48-8.61). When the two considered in its entirety: Only when all these subjects are & |ga|RzRz2Z
studies'®* that had used daily ascertainment of bleeding considered together is the entire population of hemato- E g
complications by trained assessors were integrated, PR oncology patients represented (Table 2). Based on the —:_ o
was associated with an increase in all and in clinically totality of the evidence hitherto adduced, transfusion of £
- significant bleeding complications. Individually, both the pathogen-reduced _(compared with untreated) PLTs is -g ' qH
blinded* and the unblinded'® study had shown an associated with a 58% increase in all bleeding complica- CEBE.
. increase in clinically significant bleeding complications, tions and a 54% increase-in clinically significant bleeding § g Lo
but only the unblinded study'® had reported an increase in complications, This is the reductioni in the hemostatic o T3 E £
all bleeding complications, capacity of the treated PLTs that the transfusion medicine E g g -
Table 5 also shows that, when the RCT of Kerkhoffs community must explicitly tolerate to reap the benefits®! z k] ;g - g
and colleagues's (which differed from the other RCTs of PR. g § z %%ﬁ
41255258

Concerning the sources of variation in reported find-
ings, two RCTs"™* at one end of the spectrum had enrolied
selected hemato-oncology patients, excluding patierits
with splenomegaly and DIC,!™** as well as fever," in addi-
tion to excluding subjects with other factors predisposing
to PLT consumption. The euroSPRITE trial" increased the
PLT dose given to the treatment arm (five to six PWBD
concentrates, compared with four to five concentrates

. given to the control arm) to compensate for the PLT losses

secondary to PR, and transfused PLTs with possibly
impdired hemostatic efficacy (stored in PAS II**%) to
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5025
5026
50.10
>0.10¢
5025

ions was made by similar critevia.
led

§ Kerkhoffs et al.’®; 1} had transfused PLTs to the treatment arm stored for a longer period (>3.5 days compared to <3.5 dayé); 2) had transfused a lower mean PLT dose per component

of bl

Il Not applicable, because no RCTs reported on this outcome.

of

Buffy coat pooi'®"’
Apheresis®™“ |
=10 x 1Q%L1*

. =20 x 10%L1"#

Other RCTg™ 73644

Alpede
the

PR
ll

not applicable, because only one RCT was available for analysis.

given to the treatment arm (<3.5 x 10" versus >3.5 x 10"); 3) had

pared with <25%); and 5) had recorded a lower

bleeding compfications by

trained assessors
Five study descriptors§
the other RCTs!s173844

(Table 2}
Transfused PLT concentrate

of Kerkhofts et al.'® and
thrombocytopenia . .
* When the 95% CI does not include the null value of 1, the difference.is significant {p < 0.05).

transfusions for
hypoproliferative

~differing between the RCT
Trigger for prophylactic PLT

Possible source of variation
in reported results

Ddily ascertainment of

1 NA

t F‘ J-affect:
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approximately half of the control patients. Both the euro-
SPRITE trial'’ and Janetzko and coworkers* transfused
platelets prophylactically when the PLT count fell to or
below 20 x 10°, Taken together, these four study descriptors
may account for the lack of impairment in the hemostatic
efficacy orcapacity of the PLTs given to the PR arm. At the
other end of the spectrum, Kerkhoffs and coworkers'®
enrolled unselected hemato-oncology patients, transfused
fewer PLTs per component given to the PR arm, and stored

PLTs for longer®”® than the other studies. These factors .

could exacerbate any bleeding complications secondary to
PR, although the higher proportion of protocol violations
compared with the other studies would diminish any dif-
ferences between the arms.

In the middle of the road, the SPRINT trial' enrolled
moderately selected hemato-oncology patients and
avoided the design features seen at the two ends of the
spectrum. All measures of hemostatic efficacy (Table 3)
were significantly compromised in the PR {compared with
the control) arm.! During the transfusion period, the pro-
portion of patients having WHO Grade 2 bleeding did not
differ between the arms, although Grade 2 bleeding
occurred on a mean of 3.2 days in the PR arm versus 2.5

days in the contro} arm (p < 0.05).! During both the trans-

fusion and the surveillance periods, comparisons of
bleeding complications separately for each CTC Version
2.0 grade yielded no significant difference.®® The investi:
gators reported significant differences only in individual
minor hemorrhagic events, such as petechiae and fecal
occult blood.® The results of the single Mirasol study'®
were similar to those of the SPRINT trial.' This is especially
important because the Mirasol trial:'s 1) had exclusively
transfused pathogen-reduced PLT components contain-
ing at least 3.0 x 10" PLT; and yet 2) failed to show nonin-
feriority of the pathogen-reduced PLTs,

The categorization of vhemorrhagic events in the
SPRINT trial by system-organ-class MedDRA (Medical
Dictionary for Regulatory Activities, Version 3.3%) cat-
egory,® in addition to CTC Version 2.0 grade,* as well
ds WHO grade,' and the reporting of information on
bleeding complications in two different time. periods,
underscores the complexity of using bleeding as an end-
point.*** To address this complexity, thé meta-analysis
extracted the bleeding information that could be consid-
ered most comparable from the reports of the five RCTs,
and it did so over a period of observation that could also
be regarded as the most comparable. The latter was the
maximal period of observation during which information
on “hemorrhagic events had been made available
{Table 2). The SPRINT wrial*® and Kerkhoffs and cowork-
ers'® had reported bleeding complications on the same
scale. (CTC®), albeit different versions of it (Version 2.0%
vs. Version 3.0'%). Hemorrhagic events described as
“severe” by the investigators of the euroSPRITE trial'” and
by Janetzko and coworkers** (Table 2) corresponded to

PATHOGEN REDUCTION OF PLTs

Grade 3 or Grade 4 events on the CTC Version 2.0 scale.®

Events described as “not severe,” however, could be either

Grade 1 or Grade 2 on the CTC scale. Differentiation

between “mild” (Grade '1) versus “clinically significant”
(Grade 2) bleeding complications was not possible for
these two RCTs'"* based on the available information.
The Hmitation of this meta-analysis therefore is that
results pertaining to clinically significant bleeding com-
plications (middle panel in Fig. 1) are likely to be less
reliable than the findings shown for all and for severe
bleeding complications (top and lower panels in Fig. 1).
Differentiation between Grade 1 and Grade 2 bleeding
events could have differed between the studies, as it often
differs between observers trained to participate in the
same trial.®* Results relying on the assignment of a
“Grade 2" bleeding category. are especially prone to the

lack of reproducibility and accuracy inherent in the use of

bleeding as an endpoint 33
The strength of this meta-analysis is that for all and

for severe bleeding complications, comparable data could-

be extracted from all five RCTs.”s"!7%54 With the reporting
of data on 1080 subjects,!17%4 the difference in all
bleeding complications between recipients of pathogen-
reduced and untreated PLTs ‘attained significance here
for the first time. (As shown in the analysis stratified by PR
technology in Table 5, the difference in all bleeding
complications across the four RCTs of the Intercept
technology'®7*4._which had enrolled 970 subjects—is
only marginally significant: OR, 1.5}; 95% CI, 0.99-2.3};
p = 0.05) The meta-analysis demonstrated a significant
increase in all bleeding complications secondary to PR,
and it also found that severe bleeding complications do
not differ between subjects transfused with pathogen-
reduced versus untreated PLTs. {The failure to detect 2

. 25% increase in the risk of severe bleeding complications,

however, may be due to the inadequacy of a sample of
1080 subjects for establishing such & small difference in
risk.) A second strength of the meta-analysis is that, when
measures of hemostatic efficacy rather than capacity are

- employed, the results of the meta-analysis are unequivo-

ca} {Table 3), just as the SPRINT trial' findings had been
unequivocal. Because of the difficulties in using bleeding
as an endpoint,®** only the SPRINT trial' used WHO
Grade 2 bleeding as its primary outcome; the four'>7#
other studies used the 1-hour CCI as their primary end-
point.® This outcome is both accurate and reproducible,
and it was also consistently presented in all reports. 15174

The question that carinot be answered from the avail-
able data is whether the reduced hemostatic capacity sec-
ondary to PR is due only to cellular losses of a proportion
of the treated PLTs*® or to functional impairment of all

treated PLTs as well**% Because the cellular losses

reported by in vitro studies do not exceed one-third of the
total PLTs, they should not have resuited in the bleeding
complications observed - across the five RCTs!'®17364
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(Fig. 1) if a PLT dose equal to half the standard PLT dose
does not increase bleeding complications.”> For this
reason, it is possible that the damage to the PLT mitochon-
drial nucleic acids indyced by PR does not result only in

" loss of viability of a proportion of the PLTs but éntails

functional impairment of all treated PLTs as well.'®

* The nature of the PR-induced damage needs to be
elucidated before these technologies are recommended
for routine use. If the damage is loss of viability of-a pro-
portion of the treated PLTs, it can be overcome by increas-
ing the PLT dose, as we had previously assumed.®® If the
damage is functional impairment of all treated PLTs, it
cannot be overcome by merely increasing the PLT dose.
Although PR is startingto be implemented in some Euro-
pean countries,* the research question remains one of
efficacy; investigations of cost-effectiveness***’ are pre-
mature, At the current stage of research and developmerit,
the transfusion medicine community would have to toler-
ate an increase in mild and moderate (albeit not severe)
bleeding complications if it opted to implement these
technologies before they are further developed.
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