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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 trial (RCT; Br J Haematol 2010;150:
209-17) questioned prevailing opinion concerning 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 least one of six hemostasis endpoints were eligible
for analysis. Five RCTs of hemato-oncology patients
met eligibility criteria. Endpoints determined by similar
criteria in all 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. Pathogen-reduced PLTs were associated
with a significant (p < 0.05) reduction in 1- and 24-hour
posttransfusion corrected count increments (summary
mean difference, 3260; 95% confidence interval [CI],
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% ClI, 1.11-2.26; and
summary OR, 1.54; 95% CI, 1.11-2.13). The frequency
of severe bleeding 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.®® 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
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whole blood-derived.

From the Department of Pathology and Laboratory Medicine,
Cedars-Sinai Medical Center, Los Angeles, California.

Address reprint requests to: Eleftherios C. Vamvakas, MD,
PhD, MPH, Department of Pathology and Laboratory Medicine,
Cedars-Sinai Medical Center, 8700 Beverly Avenue, South Tower,
Room 3733, Los Angeles, CA 90048; e-mail: vamvakase@
cshs.org.

Received for publication August 13, 2010; revision received
September 9, 2010, and accepted September 14, 2010.

doi: 10.1111/j.1537-2995.2010.02925.x

TRANSFUSION #*;## %k

Volume **, ** **  TRANSFUSION 1


OYKIC
テキストボックス
メタアナリシス 文献


VAMVAKAS

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 that an 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 (CCIs); 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 1-hour CCI after transfusion of pathogen-
reduced (compared to untreated) PLTs.

“The proof of the pudding for a PLT component is its
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 x 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 METHODS

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-HCI/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
hematology journals between January 1, 2008, and June
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

TABLE 1. PubMed search strategy

Search terms Number of citations

rupted enrollment into the PR arm
owing to the increased frequency of Search statement
Grade 2 or higher bleeding (p <0.05 )
compared to a third [reference] arm #2
of patients receiving PLTs stored in #3
plasma).'® zg
Because these results'® have ques- #6
tioned the basis of our prevailing #7
assumption®® that the reduction in zg
effective PLT dose owing to PR can be
overcome by simply increasing the
number of transfused concentrates, a #10
meta-analysis of all available RCTs of
the efficacy of pathogen-reduced con-

Platelet AND transfusion 12,764
Pathogen reduction OR pathogen inactivation 411
Amotosalen OR “S 59" OR S59 902
Riboflavin 12,919
“Ultraviolet-A light” OR “UVA light” 547
Intercept OR Mirasol 5,264
#2 OR #3 OR #4 OR #5 OR #6 19,817
#1 AND #7 191
#1 AND #7 159

Limits: English; publication date from January

1, 2001, to June 30, 2010
#1 AND #9 13
Limits: clinical trial, randomized controlled

trial, 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 reason, 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, functional, and flow cytometric variables for
PLTs stored in PAS II compared with plasma,?*?* and an
RCT reported reduced 1- and 24-hour CCIs 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 II versus plasma.? In con-
trast, PAS III has been shown to perform equally to
plasma.!®

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 CCIs 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
CClIs.'%%326 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 CCIs
and a shortened interval between PLT transfusions when
PLTs are stored in PAS I1.* 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 treatment 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 wunselected hemato-
oncology patients needing prophylactic PLT transfusions
at a given trigger (either =20 x 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 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 PLI-
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 maximal 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 more 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 Organization (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 bleeding not 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 between Grade 1 and Grade 2 bleeding
can be subtle. For example “mild” rectal bleeding 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,
butitis 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 WHO 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 CTC Version
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 protocol

Protocol violations could have occurred because of errors
or because a PLT transfusion was needed when the spe-
cially prepared component required by the protocol was
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 PAS II).

Statistical analysis

Results of studies were integrated if 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 not rejected 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
among 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 were 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"51"* met the eligibility criteria of the meta-
analysis. Four'®'”# had evaluated the amotosalen-HCI/
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;'"** 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.'> All
five RCTs"'*1"* enrolled hemato-oncology patients. All
randomly assigned patients receiving at least one PLT
transfusion were included in the reported analyses.

Two RCTs** (n=20% and n=10%) retrieved elec-
tronically 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 (Hct) of at least 25% (because Hct 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
the introduction 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,?”?849 making the inter-
vention evaluated in these studies**” different from that in
the other studies (Table 2). The other reportslocated by the

PATHOGEN REDUCTION OF PLTs

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"'>'"* had reported adequately on the descriptors
relevant to the meta-analysis (Table 2). Only two stud-
ies,"'® 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-analyses
of the bleeding complications used random-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.!*17* Both the meta-analysis
of the four RCTs"*'"* and the SPRINT trial' demonstrated
a significant (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-hour CCI, the summary mean difference
from the meta-analysis of three RCTs of the Intercept tech-
nology'%!"* 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'®'”** 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*® 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

Volume **, ** ** TRANSFUSION 5



VAMVAKAS

suoisnjsues)
17d WB1e 181y 8y 03 paurenad
sasAfeue Aoeole ‘pamoj|o}
pouad aaue|iloAINs Aep-82
© ‘gouapuadapul uoisnjsuel)
|un Jo sAep gz 01 dn
S10108} ¥Sl JO
aoussald ayl Ul 7/,0T X 0Z=
Buipaalq 1o} si010€} XSl
JO 9duasqe ayl ul /50T X 0T=

BLIBO U0ISN[OXa 8y} Buowe
palsI| JaAa)/uoNnIBJUI pue
‘01a ‘Ajebawousids :pardsjes

102 ¥ 2'G ‘wie |[o)uod

11'2 ¥ 'S ‘wle juawieal|
T'T * 9°¢ ‘wle |jonyuo)d

T'T T 2'Z :Wie juswyeal|

(%2'g2) ewseld %00T

ul papuadsns sayesjuasuod

1209 A)yng agm Xis jo sjood

10 (%8'17/) BWl] U0 Palda||0d
S3)eNUadU09 sisalaydy

(suoisnjsuesy

JO 05T°92) S9eUadU0d

1202 AYyng ggm xis jo sjood

10 ‘(suoisnjsuen) JO %6°€/ ‘0D

‘poomaseT ‘Loguelpled) 0°g

UOISI9A BWli] U0 pajod||od
S3JeNUadU0I sisalaydy

suoisnjsues)
11d @AY JO wnwixew
© 0} dn 1o sAep gy 01 dn

/60T X 0T=

palosjasun
0T +6¢€
‘wie (ewseld) soualaey
8'0 ¥ 9'E :wJe |o1u0)
8'0 * '€ ‘wie uswreal|
+8'T ¥ 8'€ :WwJe |ouoD

£9'T ¥ 0% :Wie Juswyeal]

ewse|d 9,00T Ul papuadsns

alam s|1d payeanun
aU} yolym ui (66 = u) wie
@oualajel [euonippe
‘(sisAreue-e18W 8y} Ul pasn
wire [01U09 6 = U) Sid
paonpal-uaboyred
sy il 11l Svd
ul papuadsns Sayesuadu0d
1e0d Ayng @am oAy Jo sjood

SaJeljuaduod
1200 ANg QM 9AY JO S00d

suoisnjsues}
17d 618 1s11y 3y} 0} paurenad
sasAjeue Aoealye ‘shep gz 01 dn

/60T X 0¢=

(eua110 uoisnoxa Bunuasaidal

pue) uondwnsuod

171d 01 Buisodsipaid sioioey

aur Buowe paisi| O1Q pue
‘1anay ‘AjeBawoualds :parosjes

$'0 ¥ 8'€ :WJe |0)u0D

2T ¥ T'v ‘wle juswieal|
8'0 & Z'€ :wJe [ouoD

0T F T'S :WJe juswieall

ewseld 9%00T

ul papuadsns pue Jojelredas

SNOIWY 8y} UO Pajaa||0d
S9jeluadU0d sisalaydy

(zet INIYdS 2y

ul s|d parean jo Buissaosold

ayl yum paredwod) sasso|

171d @ziwiuiw 01 19s pajelbaiul

paziwndo ue yum Jojeredes

SNOIWY 8y} UO Pajaa||od
S9JelUadU0I Ssisalaydy

pamojjo} pouad aaue|jlanIns

Kep-, e ‘(suoisnjsuesy 11d

noyum sAep / se pauyap)

9ouapuadapul uoisnjsuely
nun Jo skep gz 01 dn

SJ91uad

Bunedionred 1sow 1€ 7/,0T X 0T=

papnjoxa
alam  swiodpua Apnis Jo
JUBWISSASSE By} YIM Iajia)ul
Arenualod pinoo 1eyy, siooe}
[eaiuld yum sjuaied ‘eusiuo
uoisn|oxa ay) Buowe paisi|
10U D|a pue Aebawous|ds

:pa109|as AjorelapoN

(10T X 0°E > paureuod

%g2T) YN T 0'% :Wie [01u0D
(10T X 0°€ > paureod

%02) UN T /'S :Wie Juswieal]

dN T 9°€ :Wue [0)uoD

N F #'€ ‘wie jJuswieal|

ewseld 9%00T

ul papuadsns pue Jojeledas

SNOJWY 8y} Uo Pajos||0d
Sajenuadu0d sisalaydy

(11 ‘e punoy

‘aredyyesaH Joyxeg) Jojeredes

SNoIWY 3y} UO Paloa|j0d
S31eNUSU0I SIsaIaydy

(T 2194D) §pouad
aoue|jlanIns Aep-8z
e Aq pamojjo} ‘skep 9g 01 dn

/60T X 0¢=

(eua10 uoisnjoxa Bunuasaidal

pue) uondwnsuod

17d 01 Buisodsipaid

s1010€} ay) Buowe palsi| OId

pue (wo 8T<) Ajebawoua|ds
HETEIS

2T ¥ €' wle jonuod

0'T * 6°€ ‘Wie uswieal|
2'T ¥ ¥'€ ‘wie jouod

T'T ¥ G'€ :Wle juawieal]

(s121u20 omy) ewse|d 9%00T
10 (s1a)uad omi—uwniblag
‘sauIssaT ‘Isixeg
'10S-1) 1l SYd %S9 pue
ewse|d ¢Ge Ul papuadsns
‘(123u99 Bunedionted ay) uo
Buipuadap) saresnuaduod 1e0d
Aung agm @Al 1o Ino} Jo sjood

JEUER]
Buredionred ayy uo papuadap
Jood 8y} ul S8yenUadU0D JO
Jaquinu 8y} ‘S8yeliuad’uod 1eod

Ayng g Xis 10 Al JO s|00d

uolyeAIasqo Japun pouad
eluadoifooquiolyy
annesayljoidodAy
ul suoisnjsues)

171d onoejAydoud 1oy 18661

sjuaned ABojoouo-oreway
jo uoneindod pajjoiugy

(170T%) swauodwoo
171d 8y} ul paureiuod
(as * ueaw) s|d Jo JaquinN
(sAep) sarenuadsuod
11d pasnjsuel}
Jo abeiois Jo Yibus| gs x uesiy

wie [0u0d 8y}
0] pasnjsuel) 8}esuadU0d |1d

we juswieal) ayl
0] pasnjsuel) ajeluaduod |1d

(0TT = U) gdnoio
Apmis uoneneas [ealuld [oseliN

(822 =U) g7'le 19 SoYRIaX

(ev =) yyTe 10 0YZIBURL

(G579 = u) ggrglel) LNIYAS

(€0T =U) el I114dS0INd

(s)nsai ul uonelen
10 92in0s) Joyduasap Apnis

s17d pasnjsuel) ayl jo Aloeded 1o/pue Aoedlyle 211eISOWaY 8yl UO Hd JO S10ale Bunebisaaul s10y ‘2 319VL

6 TRANSFUSION Volume **, ** **



PATHOGEN REDUCTION OF PLTs

‘saposida € pue ‘v ‘v JO Tey) pajou

*(z 810AD) pouad soue|IBAINS JUBAS BsIaApe Aep-gz [euonippe ue pue pouad uoisnjsuel Aep-9G puoJas e I0j [|0IUS-81 0} payse aiam sjuaied ‘pasnbas sem woddns uoisnjsuesn 11d [eu
‘sisAjeue-e1aW 8y} Ul WIe [01U0D

‘papodal Jou = YN ‘uolenfeod sejndseAenUl payeulwassip = O1d
96'0'Z UOISIBA DD PUB o;0'E UOISISA D1D U9aMIaq Saouaiayip [ewiuiw Ajuo are aisy) ‘g apelo Jo uonippe auy Joj 1deax3 "Buipes|q [ele) sI g apelo §§
‘Buipaalg a1anas se slolebisanul ayy Aq paziobares sem aiay pajou aposida auo ayl Ajuo ‘el ay) jo T 9j9AD Buunp paplodal abeyilowsay eunsauionsed pue ‘sixersida ‘ebeyliowsay [eunal jo ‘AjlpAndadsal

saposida Buipas|q a1anas @81y} Jane| ay) 104 “abeyuoway [eunsajuloseh auo pue ‘sixelside auo ‘efeyiioway [eunal auo ‘sabeyloway [e1galdd [erey daiy) papnjoul AayL ti
4¢'9[e9S 02 UOISIBA D 1D 8y} uo ¥ ybnouy) T apess) se spoliad aoue||laAIns pue uoisnjsuel) ayl Bulinp Buiinaoo sjusna aibeyliowsay [fe papod osfe Apnis ay) Jo [puuosiad papullg +1

'sasodind Juswssasse Alajes 10} SJUaAd asIanpe |[e jo Buipiodal ay) jo ued se syuans dibeyuowsay Jo Buipiodal ay) 0} UOHIPPE U] s«
‘Wwile |0U092 3yl 10} T°0 F 0Z'0 pue Wie uawieall ayl 1o} 9T°0 * 2’0 Sem pouad uoisnjsuel ay) Buunp Aep-juaired lad suoisnjsuel |7d J0 AS F uesa|y "(abues) ueipaly |
‘aposida uoisnjsuel) suo se pajunod aiam (Buipas|qg 1ea 0} Way) Usamiaq SJuUNod 11d INoynm usaib) suoisnjsuen 11d adunin - ||

ppeJl §

se pasn sem wie (]| SYd) 101u02 3yl AluQ uedliubis 10U Sem Wie adualajal ay) pue Wie |0JU0d Yyl usamiaq [DD Ul adualayip ayl ybnoyie ‘|00 191ag e Yim paleldosse osje sem wie (ewseld) aosualajel ayl

"Apnis 8y} ul pasn jou aiam (Jusuodwod pasnjsuen Jad ;0T X 0°E) JUSIW0D 17d Wnwiulw Jo} suswaiinbai youal4 198w jou pIp eyl sjusuodwod |7d paredald |
'sep / 10 9 10} PaI0IS UBBQ peY WIe [0J3U0d 3y} 0} UBAIB S1Td BY} JO 9%TZ puUe WIe Judwieal} ay) 0} pasnjsuel) S| d ay) Jo Juadiad Xis-Auaml “(SpueliaylaN au ‘|aixog ‘Xnaugiolg) walsAs Bupny

-In2 uajy/1oeg ay) Buisn sAep / 1o} painynd alam suauodwod ]7d |fe Jo sajdwes "ainpadold aunnol Jad se uoisnjsuel) 10} panssi aiam s|1d Ing ‘swire Apnis |je ul paniwiad sem sAep 2 0] dn Joj abelols papuaixy

%¢'€¢ -WwJe |o)uod
05/ LT WIe Juswiyesal]
(%z'8) 6 :€ = 8apel
(%€°LT) 6T 2 = dpeIo
(%6°09) 95 IV

¥ ybnoiy T apelo 8eds OHM
1sIA dn-moj|o4 [euty
ay} uo pue (uoisnjsuemsod
1y Z pue T 1e) uoisnjsues)
.l020101d-U0, Yyord
1a)ye pue aI0jaq SI0SSasse
papuliquou Aq paw.oyad
sjuawssasse Buipas|g
suoisnjsuel)
17d .Jo20104d-U0, 8y} UO
Aluo paw.loylad sjuswissasse
Buipaslg yum Ing ‘uoyeAIasqo
Japun pouad se awes

ST ¥ €7 :Wie [ojuo)

L'T ¥ 2°Z ‘wie usweal|
b(6T-T) 0°€ :wie j01U0D
b(Tz-1) 6% ‘wire Juswyeal

(62TT 40 20€) %.L'92
(%2'2) 9 :€ = 8peiD
(%6°2) 22 'z = 9pe1D
(%9°'T2) 09 IV

§8G ybnoiy T apeIo
3[eds 0°g UOISIaA D10/3VILD

sans bBuipaalq renusiod

1yb18 1e suonesldwod

Buipas|q apelb 01

S10SS9SSE papuljquou paurel)
Aqg Arep pajenjens sjuaied

UoIRAISSIO
Japun pouad se swes
8'T ¥ '€ ‘wle |o)uo)

0'Z ¥ §'C :Wle uswieall

lle & ¥ :wure jonuo)n
lle ¥ g :wue yuswyeal ).

05/ :WIe [04U0D

0%/T ‘WlJe Juswieal]

(%e2) T :219n9S
(%v°29) 62 :IIV

2lanss, se
pazuobhayes sem sishidowsay
Jo aposida auo Ajuo

‘Buipas|q a19n8s "sA Buipeslq ||V

paquasap jou suoledldwod

Buipas|q Bulureusase

10 poyaw ‘sulodpua

Apnis ay) Buowre papnjoul
jou suoieoldwod Buipas|g

Pa.1IN220 S)UBNS
aslanpe o} Buuonuow Ayajes
yaiym Buunp pouad Apnis aiu3g

0'T ¥ 8'Z :Wie [oQuo)

0'T & ¥'¢ :Wie juswieall
L'V ¥ §'G jwle jouo)
€€ F L' ‘Wie juswieal]

%G’/ we [0)auodD
%G'8 ‘Wle juswieal|
(%%'T2) 8ET € = dpelD
(%6°8€) TSZ 'z = 8peio
(%T°28) 295 IV

oe¥ UBNoIY) T opeI

9[edS (0'Z UOISIBA D10 pue
1'% ybnoiy T spelo 8eds OHM

Llapelb bBuipas|q

OHM ® paubisse alom

says Buipasq fenuaiod b

JO Uoea ‘JUBWSSasse |yoea

e ‘Juswubisse Juawyeal) ay)

0} papul|q SIBAIBSCO paules)
Aq Ajrep parenjens sjuaired

geSPoLad aoue|jleAINS pue
uoisnjsuel yloq Jo ;uoddns
uoisnysuel) 11d Jo pouad

dN T #°Z wie jojuod

dN ¥ 6°T :WJe juswieall
HN F 2’9 :wie [ouod
HN F ¥'8 ‘wie Juswieal]

%0T :Wie [01uod

%02 Wle juswieal|

(%8°G) 9 :219n9S
(%L°92) 6L IV
t1.sMels Auanoe juaned
ul abueyd pue uopuanlaul
juswyean paiinbal,
sjuana Buipaalq alanes
‘Buipaslq a1anas "sA Bulpaalq IV

uoisnjsues}
171d yoes Jaye 1y 9 pue
210J8q 1Y 9 UIYIM IBAIBSGO
papuilq e Aq payenens

says Buipas|q [enusiod aAjEmL

T 919AD
2T F ¥’ ‘wie jonuod

2'T ¥+ 0°€ ‘wJe juswieal|
lls's ¥ 9'G wie jonuod
ll8's + 52 :wie Juswreal|

j000304d Apnis

JO UONB[OIA Ul palajsiuiwpe
suolsnjsues) |1d jJo uonlodold

(swaned jo

[96] 48qwinu) uonendod Apnmis

aiua ay} ul suonesldwod
Buipas|q jo Aouanbaig

Aianas Buipaalq jo u

wSuonedwod
Buipaalq Jo JuBWUERLBISY

pauodal asam suonedldwod
Buipas|q yaiym Buunp pouad

(as x ueaw

‘sAep) suoisnjsuel
11d Usamiaq [eAsiu]

(as * ueaw) suoisnjsuel)
11d Jo JaquinN

(0TT =U) gdnOID
Apnis uonenjea3 [eaulD |0SeN

(822 =U) gr'[e 10 SHOUIDY

(e =U) 4’2 10 03ZIBURL

(G79 =) gglH} LNIYAS

(€0T =U) ,yfem 311ddS0Ine

(synsal ur uoneuea
J0 921nos) Joyduasep Apms

panuiuod ‘¢ 319vL

TRANSFUSION 7

Volume *k  kk Kk



VAMVAKAS

TABLE 3. Effects of PR on the hemostatic efficacy of transfused PLTs
Meta-analysis of four RCTs>1744

Q test for homogeneity: Summary mean difference* SPRINT trial*
Effect of PR p value Meant 95% Cl¥ p value Mean difference p value
Reduction in 1-hr CClI >0.10 3260 2450-4791 <0.05 4900 <0.001
Reduction in 24-hr CCI >0.758 3315 2027-4603 <0.05 3500 <0.001
Increase in total PLT transfusions >0.25|| 0.93 0.16-1.70 <0.05 2.2 <0.001
Reduction in the interval between PLT >0.50 0.41 0.13-0.67 <0.05 0.5 <0.001

transfusions (number of days)

* The direction of the difference is indicated in the first column (under “effect of PR”).

1 The results integrated from the Mirasol study'® pertain to all “on-protocol” transfusions given within the 28-day study period. Substitution of
the (selected) results pertaining to the first eight “on-protocol” transfusions for which a 1-hr CCI had been obtained within 30 to 90 min did
not alter the results of the meta-analysis.

When the 95% CI does not include the null value of 0, the corresponding summary mean difference is statistically significant (p < 0.05).
Across three!>” RCTs. Janetzko and colleagues* did not report 24-hr CCls.

Across three!®"#* RCTs. The Mirasol study® did not report this outcome.

= w +

TABLE 4. Effects of PR on the hemostatic efficacy of transfused PLTs stratified by PR technology
Riboflavin/UVA light technology

Amotosalen-HCI/UVA light technology
Meta-analysis of three RCTs!61744
Summary mean difference*

Q test for homogeneity Mirasol trial™

Effect of PR p value Mean 95% CIt p value Mean differencef p value
Reduction in 1-hr CCI >0.25 3156 1856-4457 <0.05 5214 <0.0001
Reduction in 24-hr CCI >0.508 3512 2006-5018 <0.05 3210 0.001
Increase in total PLT transfusions >0.25 0.93 0.16-1.70 <0.05 NS|| NS||
Reduction in the interval between PLT >0.50 0.48 0.17-0.79 <0.05 0.4 0.01

transfusions (number of days)

* The direction of the difference is indicated in the first column (under “effect of PR”).

T When the 95% CI does not include the null value of 0, the corresponding summary mean difference is statistically significant (p < 0.05).
F Pertaining to the first eight “on-protocol” transfusions for which a 1-hr CCI had been obtained within 30 to 90 min (see text).

§ Across two'®'’ RCTs. Janetzko and colleagues* did not report 24-hr CCls.

|| NS = not significant. The mean =+ SD per patient-day (as opposed to mean = SD for the entire study period) was reported (see Table 1).

included the prespecified upper limit of the zone of non-
inferiority (-2940), which had been set at 20% of the mean
CCI anticipated in the control arm. Similarly, the odds of
achieving a successful 1-hour CCI (set at 7500%°) were sig-
nificantly (p = 0.01) lower in subjects receiving PR-treated
PLTs compared with controls (OR, 0.28; 95% CI, 0.11-0.77).
When the odds of achieving a successful 24-hour CCI (set
at 4500°°) were considered, the difference between the
arms was not significant (p = 0.08) when the analysis was
limited to the transfusions for which a CCI had been
obtained within 18 to 26 hours posttransfusion. However,
the difference became significant (p = 0.04) and favored
the control arm, when all transfusions for which a CCI had
been obtained within 15 to 30 hours posttransfusion were
included.

Hemostatic capacity

Information on hemorrhagic events in the SPRINT trial
was extracted from the expanded safety report of that
study.* Figure 1 shows the OR of all, clinically sign-
ificant, or severe bleeding complications in each of the
five RCTs»17%4 that had reported the corresponding

8 TRANSFUSION Volume **, ** **

outcome, along with the results of the meta-analyses inte-
grating the frequency of bleeding complications across
the studies. In all analyses, the studies were statistically
homogeneous (p = 0.50 for the Q-test statistic). Across the
studies, PR was associated with a significant increase in all
bleeding complications (summary OR, 1.58; 95% CI, 1.11-
2.26) and in clinically significant bleeding complications
(summary OR, 1.54; 95% CI, 1.11-2.13), but not in severe
bleeding complications (summary OR, 1.25; 95% CI, 0.86-
1.81). The lack of a difference across the studies in severe
bleeding complications was confirmed by the integration
of the number of RBC transfusions administered in
each RCT. The SPRINT trial' had observed no difference
(p=0.13) in the number of RBC transfusions given to
the treatment versus the control arm. Similarly, across the
four other (statistically homogeneous, p>0.10 for the
Q-test statistic) RCTs,'>'7** there was no difference
between the arms (summary mean difference, 0.31; 95%
CI, —0.84 to 0.24; p > 0.05).

Table 5 shows that when the analysis was stratified
by the PR technology employed in each study, the differ-
ences in all and in clinically significant bleeding
complications—albeit similar to the results of the overall



Fig. 1. ORs of all bleeding complications, clinically significant bleeding complica-
tions, and severe bleeding complications in patients receiving pathogen-reduced
versus untreated PLTs in the RCTs included in the meta-analysis,'*!"%64 and

summary ORs of bleeding complications across the studies that had presented each

of these outcomes. When the 95% CI for the OR does not include the null value of 1,

the difference is significant (p < 0.05).

meta-analysis—did not attain significance. The summary
OR of severe bleeding complications across the Intercept
studies!'®73644 was 1.22 (95% CI, 0.83-1.78); the OR in the
Mirasol study" was 2.04 (95% CI, 0.48-8.61). When the two
studies'® that had used daily ascertainment of bleeding
complications by trained assessors were integrated, PR
was associated with an increase in all and in clinically
significant bleeding complications. Individually, both the
blinded* and the unblinded'® study had shown an
increase in clinically significant bleeding complications,
but only the unblinded study'® had reported an increase in
all bleeding complications.

Table 5 also shows that, when the RCT of Kerkhoffs
and colleagues' (which differed from the other RCTs
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.!>'"%4 When the
analysis was limited to the clinically significant 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.'%%
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DISCUSSION

The principal finding of this meta-
analysis is that the results of Kerkhoffs
and colleagues'®—which questioned our
previous assumptions®—are not incon-
sistent with the earlier literature. The
five RCTs"1517* integrated in this meta-
analysis were consistently homoge-
neous. The hypothesis of homogeneity
of effects*” was not rejected in any analy-
sis, that is, variation in the findings of the
available studies in all meta-analyses
could always have arisen by chance.
Concerning the studies of the
amotosalen-HCI/UVA light technology,
the results of the studies represented a
continuum, from the findings of the
euroSPRITE trial'” and of Janetzko and
coworkers**—who observed no differ-
ence in the 1-hour CCI or the bleeding
complications—to the middle-of-the-
road results of the SPRINT trial'*® and to
the recent findings of Kerkhoffs and
colleagues'>—who observed larger dif-
ferences between the arms than had
beenreported by the SPRINT trial.'**The
results of the single RCT of riboflavin/
UVA light technology'® were similar to
the findings of the SPRINT trial."*
Accordingly, because the five available RCTs"!31"* repre-
sent a continuum, in the future the accumulated experi-
ence from all 1080 subjects"!>'"** analyzed here should be
considered in its entirety. Only when all these subjects are
considered together is the entire population of hemato-
oncology patients represented (Table 2). Based on the
totality of the evidence hitherto adduced, transfusion of
pathogen-reduced (compared with untreated) PLTs is
associated with a 58% increase in all bleeding complica-
tions and a 54% increase in clinically significant bleeding
complications. This is the reduction in the hemostatic
capacity of the treated PLTs that the transfusion medicine
community must explicitly tolerate to reap the benefits®!!
of PR.

Concerning the sources of variation in reported find-
ings, two RCTs'"* at one end of the spectrum had enrolled
selected hemato-oncology patients, excluding patients
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
impaired hemostatic efficacy (stored in PAS II**%) to

Volume **, ** ** TRANSFUSION 9
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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 or capacity 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 control 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*s
were similar to those of the SPRINT trial.! This is especially
important because the Mirasol trial:"* 1) had exclusively
transfused pathogen-reduced PLT components contain-
ing at least 3.0 x 10! PLTs and yet 2) failed to show nonin-
feriority of the pathogen-reduced PLTs.

The categorization of hemorrhagic 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
as 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.3®3% To address this complexity, the 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 trial®*® 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
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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 limitation 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.*®3

The strength of this meta-analysis is that for all and
for severe bleeding complications, comparable data could
be extracted from all five RCTs.'>'"%4* With the reporting
of data on 1080 subjects,’>'73%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'®'"*4*—which had enrolled 970 subjects—is
only marginally significant: OR, 1.51; 95% CI, 0.99-2.31;
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 a
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 a 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-
cal (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!>17#
other studies used the 1-hour CCI as their primary end-
point.5? This outcome is both accurate and reproducible,
and it was also consistently presented in all reports.! 151744

The question that cannot 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 resulted in the bleeding
complications observed across the five RCTs!>'73%4
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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 induced by PR does not result only in
loss of viability of a proportion of the PLTs but entails
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 starting to 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 development,
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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MIRACLE

A randomized controlled clinical trial evaluating the
performance and safety of platelets treated with MIRASOL
pathogen reduction technology

The Mirasol Clinical Evaluation Study Group*

BACKGROUND: Pathogen reduction of platelets (PRT-
PLTs) using riboflavin and ultraviolet light treatment has
undergone Phase 1 and 2 studies examining efficacy
and safety. This randomized controlled clinical trial
(RCT) assessed the efficacy and safety of PRT-PLTs
using the 1-hour corrected count increment (CClinou) as
the primary outcome.

STUDY DESIGN AND METHODS: A noninferiority RCT
was performed where patients with chemotherapy-
induced thrombocytopenia (six centers) were randomly
allocated to receive PRT-PLTs (Mirasol PRT, Caridian-
BCT Biotechnologies) or reference platelet (PLT) prod-
ucts. The treatment period was 28 days followed by a
28-day follow-up (safety) period. The primary outcome
was the CClino determined using up to the first eight
on-protocol PLT transfusions given during the treatment
period.

RESULTS: A total of 118 patients were randomly
assigned (60 to PRT-PLTs; 58 to reference). Four
patients per group did not require PLT transfusions
leaving 110 patients in the analysis (56 PRT-PLTs; 54
reference). A total of 541 on-protocol PLT transfusions
were given (303 PRT-PLTs; 238 reference). The least
square mean CCI was 11,725 (standard error [SE],
1.140) for PRT-PLTs and 16,939 (SE, 1.149) for the ref-
erence group (difference, —-5214; 95% confidence inter-
val, —=7542 to —2887; p < 0.0001 for a test of the null
hypothesis of no difference between the two groups).
CONCLUSION: The study failed to show noninferiority
of PRT-PLTs based on predefined CCI criteria. PLT and
red blood cell utilization in the two groups was not sig-
nificantly different suggesting that the slightly lower
CCls (PRT-PLTs) did not increase blood product utiliza-
tion. Safety data showed similar findings in the two
groups. Further studies are required to determine if the
lower CCI observed with PRT-PLTSs translates into an
increased risk of bleeding.
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ver the past two decades significant progress
has been made to prevent transmission of
viruses and bacteria through blood transfu-
sion including improved donor screening at
the time of donation, introduction of nucleic acid testing
for virus detection, screening for bacteria, and the diver-
sion pouch used at the time of donation to reduce bacte-
rial contamination."”? In spite of these improvements,
notable risks still remain for transmitting some blood-
borne pathogens. Viral transmission can still occur during
the window period when tests are unable to detect low
pathogen load, because some tests lack optimal sensitiv-
ity, or due to the fact that practical and effective donor
screening methods for certain known pathogens may not
be available. Transfusion-associated sepsis due to bacteria
in the blood product also occurs as bacterial testing is not
performed universally, and current detection systems
are only partially effective at identifying contaminated
products. However, the greatest concern driving the devel-
opment of new technologies to prevent pathogen trans-
mission is the risk of blood supply contamination by new
pathogens, or new strains of known pathogens, for which
no tests currently exist.!
For more than a decade, research has focused on the
development of safe and effective methods of pathogen

ABBREVIATIONS: DSMB = Data Safety Monitoring Board;

LS = least square; PRT-PLT(s) = pathogen reduction of
platelet(s); RCT = randomized controlled trial; SAE(s) = serious
adverse event(s).
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reduction in the anticipation that these methods would be
effective in preventing transmission of known pathogens
and provide protection against emerging or mutant
strains or viruses and bacteria.

Methods of pathogen reduction for red blood cells
(RBCs), platelets (PLTs), and plasma are currently in devel-
opment with some of these methods already in clinical
use in Europe.® Several of these technologies use photo-
chemical agents, which can be activated by ultraviolet
(UV) light resulting in chemical modifications to DNA and
RNA that prevent their replication.*'> This renders the
pathogens present in the blood product incapable of rep-
lication during storage and also incapable of causing
infectious complications in the patient after transfusion.
One pathogen reduction process for PLTs (Mirasol patho-
gen reduction technology [PRT]; CaridianBCT, Lakewood,
CO), utilizes exposure to UV light in the presence of ribo-
flavin to introduce irreparable lesions to nucleic acids
thereby inhibiting pathogens and white blood cell (WBC)
replication.'® Riboflavin is a nontoxic and nonmutagenic
compound; hence, it does not have to be removed at the
end of the process.' This technology has been shown to
substantially reduce the active pathogen load?' in PLT
products, and effectively inactivate residual WBCs that
may be present in blood components; hence, there is
strong evidence that this technology prevents transfusion-
associated graft-versus-host disease.”* Laboratory
studies have also documented acceptable metabolic and
functional characteristics as measured by a battery of in
vitro PLT function tests.?®?” Hence, with Phase 1 and 2
studies suggesting that this technology appears safe and
effective for reducing pathogen transmission, a larger
clinical study was warranted.

We report on a randomized controlled trial (RCT)
conducted to determine if pathogen-reduced PLTs (PRT-
PLTs) are as effective as standard untreated PLT products
when transfused to patients with chemotherapy-induced
thrombocytopenia with respect to the corrected count
increment 1 hour posttransfusion (CClinow). The study
was also designed to provide safety information of PRT-
PLTs by documenting all adverse events.

MATERIALS AND METHODS

Study design

This was a multicenter, open-label, parallel-group nonin-
feriority RCT conducted in France by the Etablissement
Francais du Sang and university hospitals (n=6; see
Acknowledgments), which compared PRT-PLTs and stan-
dard (reference) PLT products when transfused to throm-
bocytopenic hematology and/or oncology patients. The
study was approved by the central research ethics com-
mittees for the participating centers, and was registered at
http://www.clinicaltrials.gov (NCT00263809) and at the
AFSSAPS official trial site.
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Study population

There was a two-stage process for assessing patient eligi-
bility. In Phase 1, patients were deemed eligible for further
assessment if they met the following inclusion criteria: age
16 years or older; thrombocytopenia due to chemotherapy,
malignant hemopathy, allogeneic or autologous hemato-
poietic stem cell transplantation, or diagnosis of a solid
tumor with expectation to receive at least two PLT transfu-
sions; and being treated as an inpatient. Eligible patients
were excluded if one or more of the following criteria were
satisfied: pregnancy, lactation, splenomegaly, and history
or diagnosis of an autoimmune disease affecting hemosta-
sis. Patients meeting the Phase 1 eligibility criteria were
approached for informed consent. The rationale and
objectives of the study were explained to patients by the
site investigator or coinvestigator. Informed consent was
required from all participants in accordance with the Dec-
laration of Helsinki. Consenting patients underwent a
Phase 2 screening process to confirm eligibility. Patients
were excluded if any of the following criteria were present:
positive serum or urine pregnancy test within 72 hours of
randomization; history of hypersensitivity to riboflavin or
metabolites; history of refractoriness to PLT transfusion
(two successive CClnour < 5000); presence of HLA antibod-
ies, positive lymphocytotoxicity test, or previously docu-
mented alloimmunization to PLTs (as per individual site
testing protocols); active bleeding requiring one or more
RBC transfusions; acute or chronic disseminated intravas-
cular coagulation; history or a diagnosis of immune/
idiopathic thrombocytopenic purpura, thrombotic
thrombocytopenic purpura, or hemolytic uremic syn-
drome; history of solid organ transplant; evidence of veno-
occlusive disease; temperature of more than 39.5°C and/or
signs of infection; enrollment in a pathogen reduction
clinical trial within the previous 6 months; exposure to any
other investigational product within 30 days of randomiza-
tion; taking study-prohibited medications within 14 days
of randomization (see Supporting Appendix S1, available
as supporting information in the online version of this

paper); evidence of chronic alcohol misuse;® and any
other medical condition that could compromise
participation.

Patients meeting the Phase 2 eligibility criteria were
randomly assigned to receive reference PLTs or PRT-PLTs.
The random treatment allocation scheme involved strati-
fication by center and blocking and was computer gener-
ated by the coordinating center (MedPass International,
Paris, France). Patient allocation was performed at each
site using opaque envelopes containing the treatment
assignment. Due to the slight yellow color of PRT-PLTs the
study could not be conducted in a double-blind manner;
however, those individuals assessing PLT counts and
performing patient assessments were blinded to the
patient’s treatment allocation.
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The following data were collected at the initial ran-
domization visit: height, weight, vital signs, concomitant
treatments, and laboratory test results (D-dimer, albumin,
alkaline phosphatase, alanine aminotransferase [ALT],
blood urea nitrogen, lactate dehydrogenase [LDH], potas-
sium, total protein, fibrinogen, creatinine, urea, bilirubin,
complete blood count, and lymphocytotoxicity testing).
Blood samples were also collected for detection of photo-
products and neoantigen formation (results reported in a
separate article).?

Interventions

Reference and PRT-PLT products were collected by apher-
esis (Trima Version 5.0, CaridianBCT) or prepared from
buffy coats using pools from six whole blood collections
using the OptiPress (Fenwal, Inc., Round Lake, IL) device
with a top-and-bottom separation process and conven-
tional PLT pooling methods. All PLTs were leukoreduced in
accordance with French requirements (residual WBC
content below 10%/product in >97% of production).
Product requirements included: volume of 170 to 360 mL,
concentration of 1180 x 10° to 2100 x 10° PLTs/L plasma,
and minimum-maximum PILT yield of 3.0 x 10" and
5.1 x 10! PLTs, respectively. All products were suspended
in plasma and stored at 22°C with agitation for a
maximum of 5 days. Products that failed requirements
(see Supporting Appendix S2, available as supporting
information in the online version of this paper) were not
used in the study.

The PRT-PLTs were prepared using MIRASOL PRT.
After the rest period (2 hr postcollection of apheresis PLTs
and 1 hr postpreparation of buffy coat PLTs), the PLTs were
transferred into an illumination/storage bag and ribofla-
vin solution was added (500 pmol/L, 35 = 5 mL). The bag
was sealed using the MIRASOL PRT Welder. The product
was placed in the illuminator and exposed to light at
6.24J/mL* and then labeled “Exclusively for Clinical
Investigation.”

The recommended transfusion trigger was 10 x 10°/L
when clinical risk factors were absent; 20 x 10°/L when
there was fever, hypertension, evidence of Grade 2
mucositis, lesions with bleeding potential and/or a rapid
decrease in PLT count occurred within 72 hours; and
50 x 10°/L if antithrombotics were administered, if there
was evidence of fibrinolysis or coagulopathy, or invasive
surgery was required.? Patients could withdraw from the
study at any time or could be withdrawn at their physi-
cian’s discretion based on clinical or laboratory findings
that suggested that participation may not be in the
patient’s best interest.

The treatment period started at the time of random-
ization (Day 0) and continued for a maximum of 28 days.
The following reasons accounted for patient termination
before Day 28: no need for additional on-protocol PLT
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transfusions, withdrawal due to an adverse event, with-
drawal of consent, lost to follow-up, transfer to another
hospital service (e.g., intensive care unit), or death. After
the treatment period, a safety follow-up period began with
Day 1 being the day after the last on-protocol transfusion
in the treatment period continuing for 28 days (range,
23-42 days considered acceptable), day of withdrawal
(adverse event/withdrawal of consent), lost to follow-up,
or death, whichever occurred first. A transfusion was
defined as off-protocol if 1) the product did not meet the
prespecified criteria (defined above), 2) a patient random-
ized to PRT-PLTs received a non—PRT-PLT product, or 3) a
PLT transfusion was given outside of the 28-day treatment
period.

Product information collected with each on-protocol
transfusion included weight (g), PLT count, ABO group,
collection and/or manufacturing method, whether the
product was gamma irradiated, transfused volume, and
date and time of transfusion. Patient information for
each on-protocol PLT transfusion was collected before
and 24 hours posttransfusion and included weight, vital
signs, evidence of bleeding, concomitant treatments,
creatinine, urea, bilirubin, and complete blood count.
Similar documentation occurred at 1 hour posttransfu-
sion with the exception of creatinine, urea, and bilirubin.
At the end of the safety follow-up period the same
assessment was performed as the pretransfusion assess-
ment. Bleeding assessments for on-protocol PLT trans-
fusion were performed by hospital staff (physicians
or nursing staff) who were appropriately trained to
score according to WHO bleeding assessment criteria.*
This included a physical examination for signs and
symptoms of bleeding and a review of the patient’s
chart for documentation of bleeding. A bleeding
assessment was also performed at the last study
follow-up visit.

Study outcomes

The primary efficacy outcome was the CClihour measured
30 to 90 minutes posttransfusion for each of a maximum
of eight on-protocol PLT transfusions per patient occur-
ring within the 28-day treatment period. The patient’s
pretransfusion PLT count for this calculation had to be
measured within 12 hours of the transfusion. Transfusions
where the 1-hour measurement was taken 30 to 90
minutes posttransfusion were considered time compliant.
Measurements taken within 0 to 120 minutes posttransfu-
sion were also analyzed as an extended time period.
Transfusions with measurements taken after 120 minutes
were not included in these analyses. CCI was calculated
using the formula

Post — pre count (x10°/L)

= x BSA*
Platelet dose transfused (x10')




*BSA (Body Surface Area)
=0.0202457 x Height ;" x Weighti;>.

Secondary outcomes included CClusmnour (Specimens
collected 18-26 hr posttransfusion were considered time
compliant and 15-30 hr posttransfusion defined the
extended time period), interval between transfusions,
number of PLT and RBC transfusions per subject during
the treatment period, number of PLTs transfused normal-
ized by body surface area and for the number of days in
the treatment period, evidence of refractoriness (two con-
secutive transfusions with a CClineuwr < 5000), frequency of
transfusion associated infections, and bleeding (WHO
Grades 1-4).

Safety outcomes were captured during the treatment
and follow-up periods including adverse events, serious
adverse events (SAEs), bleeding status on days of PLT
transfusion, transfusion-associated infections, and death.
Adverse events were categorized as mild, moderate, or
severe. The causal relationship was classified as unrelated,
unlikely, possible, probable, or highly probable (see Sup-
porting Appendix S3, available as supporting information
in the online version of this paper). Adverse events were
coded according to the Common Toxicity Criteria Scale
(CTCAE Version 3.0/MedDRA Version 6.0, MedDRA MSSO,
Chantilly, VA). All SAEs were reported to the coordinating
center within 24 hours of the event being identified and to
other relevant authorities. Alloimmunization to neoanti-
gens was also assessed with results reported in a separate
publication.?

Sample size

It was estimated that the mean CClihou in the reference
group would be 14,700 (standard deviation [SD], 5200;
based on the results of the TRAP study).’! With a Type 1
error of 2.5% and power of 80%, it was determined that 50
patients would be required per group to claim noninferi-
ority of PRT-PLTs compared to standard practice with a
noninferiority margin of 20% (CCI difference of 2940). This
sample size was increased to 118 to accommodate some
loss to follow-up. If the lower limit of a two-sided 95%
confidence interval (CI) for the difference (PRT-PLTs—
reference) in mean CClpour is above —2940, noninferiority
would be demonstrated.

Data Safety Monitoring Board

The Data Safety Monitoring Board (DSMB) was composed
of two transfusion medicine experts, one biostatistician,
and one physician, all independent of the study sponsor.
The DSMB monitored unblinded safety and performance
data, made recommendations related to protocol changes
and continuing/stopping the study, and reviewed all SAEs
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providing their final adjudication. An interim analysis was
planned a priori and performed by an independent group
after 54 randomized patients completed follow-up;
however, formal stopping rules were not specified a priori.

Statistical analysis

Descriptive analyses were conducted for the demographic
and clinical variables. Continuous variables were summa-
rized by their means and SDs and categorical variables by
frequencies and percentages. The frequency of on-and
off-protocol transfusions was tabulated.

The primary and secondary outcomes (CClinour and
CClaanou, respectively) were analyzed using a mixed-
effects analysis of covariance model with a random
patient effect to accommodate the association in the
responses within patients over multiple transfusions and
controlling for pretransfusion PLT count and treatment
group.*> For each treatment group, least square (LS)
means and standard errors (SE) were reported based on
fits using computer software (PROC MIXED, SAS 9.1.3,
SAS Institute, Inc.,, Cary, NC) and compared between
treatment arms. By recognizing that responses to serial
transfusions may not be independent within patients,
this approach recognizes all sources of variability and
ensures valid inferences. Analysis included up to the first
eight time-compliant on-protocol PLT transfusions
received during the treatment period for all randomized
patients who received at least one transfusion. A second-
ary analysis also included transfusions where posttrans-
fusion measurements occurred within the extended time
period.

Interactions between treatment group and pretrans-
fusion PLT count were tested to examine whether there
was evidence that the effect of PRT-PLTs varied for differ-
ent pretransfusion PLT counts. Similar tests were carried
out for interactions between response and site to test for
the poolability of data across sites.

A mixed longitudinal logistic regression model** was
also fit to assess the effect of PRT-PLTs versus reference
PLT products on achieving a 7500 CCI at 1 hour and 4500
CCI at 24 hours posttransfusion.** Pretransfusion PLT
count and a random patient effect were included in this
model with the latter accounting for an association in the
responses over time. Frailty models were fit to estimate the
distribution of times between transfusions while account-
ing for the within-patient dependence in the gap times.*
All p values for secondary outcome comparisons were
two-tailed tests. Adverse event data were summarized in
tabular form and analyzed descriptively.

The primary and secondary analyses were repeated in
a post hoc subgroup analysis of 95 patients. This subgroup
was obtained by excluding 15 patients with incomplete
data (eight receiving reference PLTs and seven receiving
PRT-PLTs) after discussion with the DSMB.
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RESULTS

Six centers enrolled 118 patients into the study between
December 2005 and September 2007: 60 patients received
PRT-PLTs and 58 received reference PLTs. Four patients in
each treatment group did not receive PLT transfusions
leaving 110 patients that could be included in the
intention-to-treat analysis. There were 10 of 110 patients
who withdrew from the study before Day 28 in the treat-
ment period (six in the PRT-PLT arm; four in the reference
arm); hence, the proportion of patients completing the
treatment period in the PRT-PLT group was 91.1% (51/56)
and 98.1% (53/54) in the reference group. Data from these
10 patients were included in the analyses up until the time
of their withdrawal. The proportion of patients complet-
ing the safety follow-up period was 73.2% (41/56) for PRT-
PLTs and 81.5% (44/54) for the reference arm (median
durations both study periods being 45 and 44 days,
respectively). Patient flow through the study is summa-
rized in Fig. 1.

Randomized
Patients
N =118

Baseline demographics for the study patients were
similar between the two groups and are summarized in
Table 1. Other baseline characteristics were documented
(data not shown) and showed a similar distribution in
both groups (physical findings, vital signs, complete blood
count, fibrinogen, albumin, alkaline phosphatase, ALT,
creatinine, urea, direct and total bilirubin, blood urea
nitrogen, LDH, potassium, and total protein).

There were a total of 678 PLT transfusions given to
patients during the study period: 368 PRT-PLT transfu-
sions (303 on-protocol; 65 off-protocol) and 310 reference
group transfusions (238 on-protocol; 72 off-protocol). The
frequency of off-protocol PLT transfusions was 17.7% for
PRT-PLTs and 23.2% in the reference group. Criteria for
off-protocol transfusions were prespecified in the
protocol; however, the data collection process did not
capture the reason.

The prespecified primary outcome analysis for the
CClinouwr Was based on a maximum of eight PLT transfu-
sions per patient occurring in the 28-day treatment

period: 258 for PRT-PLTs and 209 for the
reference group (total 467). The test for
homogeneity of treatment effects
between sites for the CClpour Was not
significant (p =0.1728), indicating that
data from all sites could be pooled to
estimate the treatment effect. The LS
mean CClyo in the PRT-PLT group was
11,725 (SE, 1140) and in the reference

group 16,939 (SE, 1149), a difference of

Allocated to PRT-PLTSs Allocated to reference PLTs
(n=60) (n=58) -5214 (95% CI, -7542 to -2887;
Received aIIoca(t:]e_dégt;:rvention Received alloce(laeii;r;t;zrvention p< 0.0001). The CI for the difference
Did not receive allocated intervention Did not receive allocated intervention includes the prespecified upper limit of
(n=4) (n=4) : CRRE
Reason: PLT transfusions not Reason: PLT transfusions not the zone of IlOIllIlf.el‘.lorlty (S.et at 20% of
required required the mean CCI anticipated in the refer-

ence group, which was 2940); hence,
noninferiority could not be claimed
since to do so would have required the
lower limit of this CI to be above —2940.

Lost to follow-up (n=0)

Discontinued intervention

Lost to follow-up (n=0)

Discontinued intervention

The CClihour was also calculated for the
extended time period, adjusted for pre-

(n: 6 ) (n: 4) . . .
Reasons: Follow-Up Reasons: transfusion PLT count (continuous vari-

2 - withdrew consent 3 - phase 2 selection criteria not able) and site (Table 2). The CCl;pou data

3 - deaths fulfilled £ . li d ded ti

1- other 1- death or time-compliant and extended time

period transfusions are illustrated in

Fig. 2 using box plots.

Analyzed (n=56)

Excluded from analysis (n= 0)
NOTE: Data from withdrawals
was included in analysis up until
time of withdrawal

Analyzed (n=54)

Excluded from analysis (n=0)
NOTE: Data from withdrawals
was included in analysis up until
time of withdrawal

Secondary outcomes

The CClznour was analyzed according to
the time-compliant and extended time
periods and adjusted for pretransfusion

Fig. 1. CONSORT flow diagram showing the flow of patients through the study from

the time of randomization to analysis.
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PLT count as a continuous variable and
site. The test for homogeneity of the
effect of treatment between sites for the
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TABLE 1. Baseline characteristics for the patients in the PRT-PLTs and reference group

Demographic characteristic

Treatment arm

PRT-PLTs (n = 56) Reference (n = 54)

Median age, years (range)
Sex (male/female)
Median height, m (range)
Median weight, kg (range)
ABO blood group, number (%)
A
B
o
AB
Diagnosis, number (%)
Acute lymphocytic leukemia
Acute myelogenous leukemia
Multiple myeloma
Non-Hodgkin’s lymphoma
Hodgkin’s lymphoma
Other*
Mean (SD duration of thrombocytopenia), dayst
Median (range) baseline test results
Hemoglobin (g/dL)
PLT count (x10°%L)
WBC count (x10°/L)

58 (20-73) 53 (20-74)
32/24 34/20
1.7 (1.5-1.86) 1.7 (1.51-1.93)
71.5 (46.3-121.0) 73.6 (45.0-110.3)
30 (53.6) 32 (59.3)
5 (8.9) 6 (11.1)
21 (37.5) 16 (29.6)
0 (0.0) 0 (0.0)
2 (3.6) 2(3.7)

26 (46.4) 27 (50.0)
4(7.1) 2(3.7)

19 (33.9) 18 (33.3)
1(1.8) 3 (5.6)
4(7.1) 2(3.7)

16.3 (7.2) 14.8 (7.0)
9.5 (8-14) 9.5 (7-15)
42.5 (8-479) 43.0 (6-206)
1.05 (0-14) 1.30 (0-51)

t During treatment period.

* Other includes severe idiopathic medullary aplasia (1), biphenotypic acute leukemia (1), chronic lymphocytic leukemia (1), myelodysplasia-
refractive anemia with excess blasts (2), and mediastinal teratocarcinoma (1).

TABLE 2. Summary CCI values by treatment group based on the first eight on-protocol transfusions (primary
outcome) and all on protocol PLT transfusions within the treatment period*

Outcome PRT-PLTs Reference PRT-PLTs minus Reference
CCl—continuous outcome Number LS mean (SE) Number LS mean (SE) Difference 95% ClI p value
Analysis based on the first eight on-protocol transfusions within the 28-day treatment period
CCIlhour
Time compliant 195 11,725 (1,140) 164 16,939 (1,149) -5214 (-7542 to —2887) <0.0001
Extended time 216 11,766 (1,072) 174 17,170 (1,057) -5404 (7721 to —3088) <0.0001
CC|24huur
Time compliant 175 6,676 (883) 160 9,886 (915) -3210 (-5160 to —1260) 0.0014
Extended time 209 6,998 (811) 179 10,385 (811) -3387 (-5232 to —1542) 0.0004
Analysis based on all on-protocol transfusions within the 28-day treatment period
CClinour 273 11,005 (962) 220 16,614 (977) -5609 (=7791 to —3427) <0.0001
CClaanour 267 7,162 (831) 211 10,070 (839) —2907 (-4802 to —1013) 0.0027
CCl—dichotomous outcome Number Number (%) Number Number (%) OR 95% ClI p value
Analysis based on the first eight on-protocol transfusions within the 28-day treatment period
Time compliant
CClinour > 7500 195 139 (71.3) 164 138 (84.1) 0.284 (0.105 to 0.767) 0.0130
CClaanour > 4500 175 103 (58.9) 160 109 (68.1) 0.481 (0.211 to 1.098) 0.0822
Extended time
CClunour > 7500 216 151 (69.9) 174 147 (84.5) 0.233 (0.081 to 0.667) 0.0067
CClaanour > 4500 209 118 (56.5) 179 120 (67.0) 0.423 (0.189 to 0.945) 0.0360

* Results for the first eight on-protocol transfusions are also presented using CCI as a dichotomous outcome.

CClsnour Was not significant (p = 0.1336) allowing for data
to be pooled. The LS mean for time-compliant CClaanour
was 6676 (SE, 883) for the PRT-PLTs and 9886 (SE, 915) in
the reference group (difference, —3210; 95% CI, 5160 to
—-1260). The CClahour results are summarized in Table 2
and Fig. 2. Table 2 also contains the results of the mixed
logistic regression models and reports the odds ratios
(ORs) for achieving the desired CCI increment (7500 and
4500 for CClihour and CClaanour, respectively). The odds of
achieving a successful response is significantly lower in
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the PRT-PLTs arm for the CCI o among time-compliant
transfusions (OR, 0.284; 95% CI, 0.105 to 0.767; p = 0.0130)
but not significantly lower for the CClosour among time-
compliant transfusions (OR, 0.481; 95% CI, 0.211 to 1.098;
p =0.0822). Similar results were found when considering
transfusions within the extended time period although the
24-hour CCI result becomes significant in this analysis.

A meaningful interval between transfusions was dif-
ficult to calculate as patients in both treatment groups had
off-protocol transfusions within the treatment period.

Volume 50, November 2010 TRANSFUSION 2367



THE MIRASOL CLINICAL EVALUATION STUDY GROUP

Fig. 2. Box plots of 1- and 24-hour CCIs for transfusions in the time-compliant and extended time periods by treatment group. The

lines within the boxes represent the Q;s (upper line), median (middle line) and Qs (lower line). The diamond indicates the raw

means (the mean of the raw CCI values). The height of the rectangular box indicates the minimum and maximum values.

When both on- and off-protocol transfusions within the
28-day treatment period are included in this analysis the
mean number of days between transfusions was 2.16 (SD,
1.69) for PRT-PLTs and 2.30 (SD, 1.48) for the reference arm
(p=0.2903). The mean number of PLT transfusions per
patient-day during the treatment period (includes on-
and off-protocol transfusions) was not significantly
different: PRT-PLTs 0.24 (SD, 0.16) and reference group
0.20 (SD, 0.19; p = 0.2046). Summaries of secondary out-
comes are given in Table 3. None of the differences
observed were significant.

RBC requirements were similar in the two groups. In
the PRT-PLT group 183 RBC units were transfused in the
treatment and follow-up periods: 155 were given in the
treatment period with a mean (SD) per patient of 2.8 (1.7).
In the reference group 142 of 160 RBC units were given in
the treatment group with a mean per patient of 2.6 (2.4;
p =0.7257).

Alloimmunization and refractoriness

Two patients in the PRT-PLT group (3.6%) became alloim-
munized and four patients in the reference group (7.45%)
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developed HLA antibodies (p =0.4336; Fisher’s exact).
Only 5 of 110 patients (4.5%) became refractory during the
study: three (5.4%) in the PRT-PLT group and two (3.7%) in
the reference group (p = 1.0000; Fisher’s exact).

Infections

There were a total of 88 infectious adverse events reported
in 58 study patients. In the PRT-PLT group 45 infections
were reported in 28 patients (1.61 infections/patient). Six
infections were categorized as severe adverse events:
cytomegalovirus (CMV; 1), Klebsiella (2), Escherichia
urinary tract (1), infection (1), and sepsis (1). The one
patient who developed CMV infection had positive CMV
serology before stem cell transplantation and transfusion.
In the reference group there were 43 infections in 30
patients (1.42 infections/patient): nine of these were cat-
egorized as severe adverse events: bacterial infection (1),
bacterial sepsis (1), bronchopulmonary aspergillosis
(1), Clostridium colitis (1), Clostridium difficile colitis (1),
herpes virus infection (1), urinary tract infection entero-
coccal (1), sepsis (1), and septic shock (1), but none were
considered transfusion related. There were no significant
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TABLE 3. Summary of the characteristics of the PLT transfusions and the secondary outcomes related to
PLT transfusion

PLT transfusions

On-protocol, limited to first
eight transfusions within the
28-day treatment period

On protocol, within the 28-day
treatment period

Outcome/characteristic PRT-PLTs Reference p value PRP-PLTs Reference p value
Total number of PLT transfusions 258 209 303 238

Number of apheresis PLT transfusions (%) 180 (69.8) 149 (71.3) 224 (73.9) 178 (74.8)

Number of buffy coat PLT transfusions (%) 78 (30.2) 60 (28.7) 79 (26.1) 60 (25.2)
Median number of PLT transfusions/patient (range) 4.0 (1-8) 3.0 (1-8) 4.5 (1-21) 3.0 (1-19)
Mean (SD) PLT dose transfused (x10%) 5.37 (2.14) 5.38 (2.10) 0.9615 5.23 (2.09) 5.22 (2.02) 0.9867
Mean age of product at transfusion (days) 2.8 (1.1) 2.6 (1.1) 0.0891 2.7 (1.1) 2.6 (1.1) 0.2210
Total number of ABO-mismatched transfusions (%) 41 (15.9) 37 (17.7) 50 (16.5) 40 (16.8)

Major mismatch 39 (15.1) 32 (15.3) 46 (15.2) 35 (14.7)

Minor mismatch 2 (0.8) 5 (2.4) 4 (1.3) 5(2.1)
Number (%) of transfusions CClynr cOmpliant 195 (81.9) 164 (85.4) 222 (81.3) 185 (84.1)
Number (%) of transfusions CClasnouwr cOmMpliant 175 (75.8) 160 (83.3) 196 (73.4) 173 (82.0)
Mean (SD) interval between PLT transfusions* 2.32 (1.79) 2.72 (1.44) 0.0107 2.16 (1.69) 2.30 (1.48) 0.2903

* The mean (SD) interval between PLT transfusions is calculated based on both on- and off-protocol transfusions.

bleeding, two had Grade 3, and one had
TABLE 4. Summary of the number of patients with different grades of Grade 4. The Grade 4 bleed was geni-
WHO bleeding and mean rates of all and severe adverse events . .
- tourinary and the patient completed 41
All analyzable patients (n = 110) study days. The numbers of bleeding
PRT-PLTs Reference . .
Bleeding by WHO grade and adverse event rates (n=56) (n=54) p value events by grade are summarized in
Number of subjects with bleeding episodes Table 4.

Grade 1 28 19 0.128 The results of the primary and sec-
Grade 2 11 5 0.176 : :

Grade 3 7 5 0.679 ondary endp(?lnts are also st'lmmanzejd

Grade 4 2 1 1.000 for the 95 patients that were included in

Grade 1-4 33 23 0.127 the post hoc subgroup analysis (see

g:gzz g’:n s 12 ; 8:2;8 Supporting Appendix S4, available as

Mean (SD) rate* supporting information in the online

All adverse events 0.28 (0.19) 0.23(0.16)  0.144 version of this paper). For the primary

Severe adverse events 0.07 (0.17)  0.04 (0.06) 0.171 endpoint (CCliou) noninferiority was

* Total number of events/duration of treatment period and follow-up period. not demonstrated. For all secondary

differences in the proportion of patients with one or more
infections (p = 0.5731; Fisher’s exact test), and the mean
number of infections/patients/group (p = 0.4571). Table 4
summarizes rates of adverse events and SAEs.

Bleeding outcomes

Bleeding assessments were only performed for
on-protocol PLT transfusions with assessments done
before transfusion, after transfusion at 1 and 24 hours, and
on the final follow-up visit. There were 19 patients with
WHO bleeding of Grade 2 or higher: 12 patients in the
PRT-PLT arm (21.4%) and seven patients (13.0%) in the
reference group. Eleven subjects receiving PRT-PLTs had
Grade 2 bleeding, four had Grade 3, and two had Grade 4
(both central nervous system bleeding: one patient died
on Day 17 and one patient completed the study). In the
reference group there were five patients with Grade 2
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endpoints the results were very similar
to the analysis including all 110 patients.

Safety outcomes

All patients receiving PRT-PLTs and 98.1% (53/54) of
patients in the reference group had at least one reported
adverse event; however, the majority of adverse events
were not related to the PLT products transfused (Table 5).
There were five adverse events (five patients) in the PRT-
PLT group that were categorized as “possible, likely, or very
likely” and eight adverse events (five patients) in the ref-
erence group that fell into these categories. For the severe
adverse events two patients in the PRT-PLT group (1.8%)
had events that were “very likely” related to a transfusion
and two patients in the reference arm had events catego-
rized as “very likely” related. These patients developed
anaphylactic shock (one reference patient), hypersensitiv-
ity plus eyelid edema (one reference patient), and refrac-
toriness to PLT transfusions (one PRT-PLT patient). There
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TABLE 5. The number and frequency of adverse events, severe
adverse events, and SAEs by relationship to transfusion*

DISCUSSION

This study was designed to determine

PRT-PLTs Reference
Adverse events categorized by relationship to transfusion (n=56) (n=54) whe.ther .the CClihour for PRT-PLTs was
Adverse events noninferior to untreated PLT products.
Subjects with at least one adverse event 56 (100) 53 (98.1) CCI was selected as the primary
Tot_al number of adverse events _ 654 507 outcome because this has been the
Relationship of adverse event to study transfusiont . . . .
None 596 (91.1) 477 (94.1) outcome historically used for licensing
Unlikely 53 (8.1) 22 (4.3) of new PLT products treated with PRT
Possible 3 (0.5) 2(0.4) methods in Europe.!' When planning
Likely 0 (0.0) 3 (0.6) . .
Very likely 2 (0.3) 3(0.6) the study, noninferiority would be
Severe adverse events claimed if the mean CClipo of the
Subjects with at least one adverse event 38 (67.8) 30 (55.6) pathogen-inactivated product did not
Total number of adverse events 110 90 d ducti . CCl of
Relationship of adverse event to study transfusion¥ exceed a reduction In mean 0
None 100 (90.9) 86 (95.6) more than 20% of the value observed
Unlikely 7(6.4) 1(L1) with untreated PLTs. The study failed to
Possible 1 (0.9) 0(0.0) R .
Likely 0(0.0) 0(0.0) demonstrate noninferiority for either
Very likely 2 (1.8)8 3 (3.3)| the CClipowr (primary outcome) or the
SAEs _ CClasnowr (secondary outcome). Why
Subjects with at least one adverse event 13 (23.2) 11 (20.4) . o s .
Total number of adverse events 17 14 pathogen inactivation of PLTs results in
Relationship of adverse event to study transfusionf a lower CCI is not clear; however, this
solr_‘ke | 1; (;g-? 1? (351-7) has been a consistent finding in several
Pgslsﬁ)l); 0 Eo_d)) 0 EO:O; other studies. In a crossover RCT
Likely 0 (0.0) 0 (0.0) enrolling normal subjects, Aubuchon
Very likely 0(0.0 1@D)™ | and colleagues® found that PRT-PLTs

transfusion.

reported in each treatment arm.

events reported in each treatment arm.
§ Refractoriness to PLT transfusion.

transfusion.

each treatment arm.

** One patient developed anaphylactic shock during the transfusion.

* Data are reported as number (%). A severe adverse event was defined as any unto-
ward medical occurrence in a subject causing severe discomfort and significant impact
on the patient’s usual activities and requiring treatment. A SAE included one or more
of the following: death; serious deterioration in the subject’s health resulting in life-
threatening illness or injury, permanent impairment of body structure or function, pro-
longed hospitalization, or medical/surgical intervention; and failure to complete the

T As reported by the investigator; percentage based on the number of adverse events

F As reported by the investigator; percentage based on the number of severe adverse

|| One patient developed anaphylactic shock during the transfusion; one patient devel-
oped hypersensitivity during one transfusion and eyelid edema during another

1 As reported by the investigator; percentage based on the number of SAEs reported in

had a reduced mean survival (16.5%
lower) and recovery (38 hr less) com-
pared to untreated PLT product. The
SPRINT study using amotosalen HCL
(S§-59) and UVA light to pathogen inac-
tivate also reported lower CCIs at both
1 and 24 hours with the pathogen-
inactivated PLT products. The mean
CCIs per treatment group reported
in the SPRINT study were almost iden-
tical to the values observed in this
study.'?

Metabolic activity and expression
of activation markers increase in PRT-

were five thrombotic events reported; however, none was
related to study transfusions: one event occurred in the
PRT-PLT arm (pulmonary embolism) and four occurred in
patients receiving reference PLTs (cerebral vascular
thrombosis [1], myocardial infarct [1], jugular vein throm-
bosis [1], and veno-occlusive disease [1]). Asummary of all
adverse events and severe adverse events categorized by
organ system are summarized in Table 6. The frequencies
of all adverse events and SAEs were similar between both
treatment arms. Most adverse events were categorized
according to the following organ systems: gastrointestinal,
general disorders and administrative site conditions, and
blood and lymphatic disorders.
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PLTs during storage;*® hence, one could

hypothesize more rapid utilization of

these cells at sites of injury or damage,
due to their increased activation status. Similar effects
have been seen with dimethyl sulfoxide-cryopreserved
PLTs; however, despite demonstrating highly elevated
levels of P-selectin expression and other activation
markers,** significantly increased degranulation,*! and
significantly lower levels of recovery in circulation,* the
cryopreserved PLTs were associated with less bleeding,
fewer transfusion support needs, and fewer complica-
tions compared to conventional, liquid-stored
PLTs.%6384344 These findings emphasize the need for
studies assessing the clinical impact of pathogen-
inactivated PLTs that can clearly elucidate the relevance
of the in vitro findings.
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Although the mean CCI values for both 1 and 24 hours
were lower with PRT-PLTs, the mean values for both deter-
minations were above the 7500 and 4500 thresholds,
respectively, that have been used to define successful
transfusions.*® At 1 hour posttransfusion, 71.3% of the
pathogen-inactivated products resulted in successful
transfusion increments compared to 84.1% in the refer-
ence group. At 24 hours posttransfusion the proportions
successful were 58.9% for PRT-PLTs and 68.1% for refer-
ence PLTs. Although the percentages of successful trans-
fusions are lower than desired (both groups), they are
within the ranges reported in other PLT transfusion
studies raising questions as to why 30% to 40% of PLT
transfusions are not considered successful based on
current established thresholds."®'” Patient factors that
affect increments and product variability may explain part
of this failure; however, our understanding of these poor
responses is still limited. Because of this observation, the
sensitivity of the CCI as a clinical outcome measure could
be questioned and indeed many studies have now used
bleeding as their primary outcome.'#*%4

The time to next transfusion and overall blood
product utilization analyses provided information about
the resource implications of using PRT-PLTs. The time to
next transfusion was determined for both study groups;
however, there were limitations with this analysis as
on-protocol transfusions during the treatment period
were not always consecutive; hence, the interpretation
was problematic. The overall PLT and RBC utilization in
the two study groups was not significantly different, sug-
gesting that the lower CCIs with the PRT-PLTs did not
translate into significantly higher blood product use.

Safety information using PRT-PLTs was also obtained
from this study. The study was designed to capture all
adverse events regardless of whether they were related or
unrelated to the transfusion of PLTs. Over 1100 adverse
events occurred during the treatment and follow-up
phases of the study, indicating the severe degree of
illness and complications that occur in this patient
population. However, only four patients had adverse
events (two with PRT-PLTs and two with reference) that
were categorized as having a very likely relationship to
PLT transfusion. The two events in the PRT-PLT group
were refractoriness to PLT transfusions. The events in the
reference group included anaphylactic shock during a
transfusion, hypersensitivity, and eyelid edema. All
adverse events were categorized by organ system and/or
disorder. The most frequently reported events in both
treatment arms were gastrointestinal, general disorders
and administrative site problems, blood and lymphatic
disorders, and infections and infestations. These events
occurred with similar frequency in both treatment
groups suggesting an acceptable safety profile with PRT;
however, additional safety data would be useful collected
either as postmarketing surveillance or as part of a larger
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clinical trial where bleeding could be used as the primary
outcome. Bleeding data were collected as a secondary
outcome during this study but they were only actively
assessed during the 24-hour time period around
on-protocol transfusions. Each treatment group had
Grade 4 bleeding events (two in the PRT-PLT group and
one in the reference group). The study was not powered
to show difference in bleeding and given the paucity of
data we do not attempt to make conclusions related to
risk of bleeding.

There were a number of additional limitations to this
study. The frequent use of off-protocol transfusions made
it difficult to analyze some of the secondary outcomes
that involved measures over time. The reasons for the
off-protocol transfusions were not documented. This
information would have been useful to understand some
of the logistical considerations when using PRT-PLTs and
to provide further insight into the challenges with pro-
ducing a standardized product volume and dose. The
responses to off-protocol transfusions were not available,
which also precluded traditional intention-to-treat analy-
ses. These data would have been helpful to provide a
more complete representation of the full transfusion
history. There were also a number of protocol violations
where posttransfusion samples for CCI determination
were collected outside of the time-compliant period:
17.4% (86/493) for the CClpour and 22.8% (109/478) for
CClLnous- To avoid excluding these data, we prespecified
an extended time period in addition to the time-
compliant period and analyzed the data both ways;
however, this compliance issue illustrates the challenges
with getting CCI measurements posttransfusion in this
complex patient population.

In conclusion, the noninferiority of PRT-PLTs com-
pared to reference PLTs using the surrogate outcome
measure of CClihor Was not demonstrated in this con-
trolled clinical trial in 110 patients. Safety data did not
identify any major adverse effects associated with the
transfusion of PRT-PLTs. Overall PLT and RBC utilization
in the two study groups was not significantly different,
suggesting that the lower CCIs with the PRT-PLTs did not
translate into significantly higher blood product use.
Further studies are needed to show whether the lower CCI
observed with PRT-PLTs is associated with any change in
the risk of bleeding.
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A randomized controlled clinical trial evaluating the performance and safety

of platelets treated with MIRASOL pathogen reduction technology

The Mirasol Clinical Evaluation Study Group*
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(T PRT-/MREE DS A ISR~ 72,

W GRED B &b B G SRR S0 F
BomimEEE2FEHT 5 2 L3 Lo T,

SERE M OPANAL iR X SRV A Wbt

#1. PRT-I/MREERS KOS REE 0 B3 D 7 D5k
ALFRTE
PRT- i/ MHE o BT

PN EE o e L S (56 f31]) (54 f1))
FlPILiE, % (BEPH) 58 (20-73) 53 (20-74)
MR (B 14e) 32/24 34/20
HEHRRME, m (FFHE) 1.7 (1.5-1.86) 1.7 (1.51-1.93)
REPIAE, kg (HiFH) 71.5 (46.3-121.0) 73.6 (45.0-110.3)
ABO I, ik (%)

A 30 (53.6) 32 (59.3)

B 5 (8.9) 6 (11.1)

0 21 (37.5) 16 (29.6)

AB 0 (0.0) 0 (0.0)
P, % (%)

Ui I A = DI IR 2 (3.6) 2 (3.7

Folle =g el A= NIk 26 (46.4) 27 (50.0)

EZ Uil 4 (7.1) 2 (8.7

FERVX LY LR 19 (33.9) 18 (33.3)

RYF U NE 1 (1.8 3 (5.6)

F DO * 4 (7.1 2 (3.7

¥ (SD. i IMEEAMEDOHIR) . BT 16.3 (7.2) 14.8 (7.0)
NR—AT A VREOREM, Il ()

~EZnEy (gdl) 9.5 (8-14) 9.5 (7-15)

/3 (x 1097L) 42.5 (8-479) 43.0 (6-206)

Fm Bk (x 109/L) 1.05 (0-14) 1.30 (0-51)

* %@ﬂﬁ :t HEORRMIEEERL (1 61, S
Bl SRR ER 2 A O AR I (2 61)
T J‘Qﬁﬂﬁﬁaﬁqj

E'/\*F”EIJIELT (1 ).
Tﬂ:/}:; (1 1&‘) ﬁl%of;o

By o a1
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#2. RERBIOCCHEDER : IRBREMFHEFICE ST 2 1~8/E B O 12 23 < f#HT
(FEFEER) X OHEESHHE T OBRBREBHEFISES T 22iv/Mrmn 245 & L

7o fRAT*
FEmIE B PRTIfi/ N R pagiiyisa PRT-ifi/IMEE — kPR
CCI—E#f A % [E%  LSY¥# (SE) % LS (SE) 7= 95% CI 2N

28 H [0 B G H 1 D)k R B B 575 1~8/5] B Dl & 5152 & L 7= AEHT
ccllhour
HE B S8 S 195 11,725 (1,140) 164 16,939 (1,149) -5214 (-7542 ~-2887) <0.0001

EN7-fE

HERSN XL 216 11,766 (1,072) 174 17,170 (1,057) -5404 (-7721 ~-3088) <0.0001
SRR OB
CCIZ4hour

HIE W s 2385 175 6,676 (883) 160 9,886 (915) -3210 (-5160 ~-1260) 0.0014
SEN7-fE

HERSN LD 209 6,998 (811) 179 10,385 (811) -3387 (-5232 ~-1542)  0.0004
JRFFE DA

28 H ] D BGH ] 1 D768 Rl 7B 20 T B Bl &5 E L7 AEAT

CClihour 273 11,005 (962) 220 16,614 (977) -5609 (7791 ~ -3427) <0.0001
CCl24nour 267 7,162 (831) 211 10,070 (839) -2907 (-4802 ~-1013)  0.0027
CCl—2fi %%k Bl B (%) =14 B (%) OR 95% CI Pl

28 H B0 G-I D765 FE S 7 I 2 75 1~8[8] H Dyt & 55 & L 7= AFDr
U TE B 3 AT S
A
CClinow> 7,500 195 139 (71.3) 164 138 (84.1) 0.284 (0.105~0.767) 0.0130
CClashour™> 4,500 175 103 (58.9) 160 109 (68.1) 0.481 (0.211~1.098) 0.0822
BERE SN X IR
HPH O
CClihow> 7,500 216 151 (69.9) 174 147 (84.5) 0.233 (0.081 ~0.667) 0.0067
CCl2shour > 4,500 209 118 (56.5) 179 120 (67.0) 0.423 (0.189~0.945) 0.0360

* CCIZ2ffZ ¥l U, IRBRIEMI I EI T &3 0 1~8ml B Offiin 2 x5 & U7 R bornd
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i i R4

Mirasol # XJFBHE  Mirasol #f xIFR#E  Mirasol #f »IFR#E  Mirasol #f X HR#E

1 FEH 24 ¢ 1 PR 24 I
BE R RS M S -l JTE R A28 K0 JRHPH O
B2 RBEHICHTBHERSHESEENT Ol 8 & U CCloy, & RIEHEA LY

JEEEBAD CClpoy & & U CClygnoy DFEUMTH,

Ry ANDERIE. B 3 moEEk 0 : LAIOKR) . PRIE (FREIDRKE) SLUE 1
I Oy : TRIOR) 27T, EWE. £ET—FDFHE (CCl £ET—2DFYE) %
T, RV ADESFR/MEE S URKIEEZTT .

28 H D 5 T O 1R M o0 AT DL & A L 2R\ Lo 7 A AR
oot & Uil e, P40 0813 PRT- M/ MiREEAS 2.16 H (SD. 1.69 H) . xHHREEA
2.30 H (SD, 1.48 H) Th-o7= (p=0.2903), HHHREIFOEBE-H H7- 0 OFEJMM/ MR
o L [E A (TR BRIt 5 I A3 DL & A LR\ O W T & R R SR & LI A
(T, PRT-Mf/MRAEAS 0.24 8] (SD, 0.16 [7]) . #fH#E2S 0.20 7] (SD, 0.19 ) T, A&
ZIH DR T2 (p=0.2046), BIKEHGE H OBKI 23K 3 (T, AERBEFEITR
OO T,

FRIER G M ZE BT G 2 BER T3 B o 7o, PRT-IVIMRREZ 351 2 7R i Bk
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BiX, &E5HIHEB JONBHERERIM OAEA 183 Hifir, #5-WIjA 155 B T, & b7
D O E (SD) X 2.8 BiZ (1.7 L) Th o7, SHRECIS T D 7R ML Bk &3,
#5-WH 6 X ONEBRHEBM OGEH0S 160 AL, &5 HI#2S 142 BAL T, BE DTV OF
B g (SD) 1% 2.6 7 (2.4 Hfi7) ThH-o7= (p=0.7257),

R R X ORIKEE

PRT-f/MREECIE 2 61 (3.6%) (ZIRIFESIE DIGEMN T DAL, SHREECTIL 4 61 (7.45%)
(2 HLA $ifR 234 L7z (p=0.4336, Fisher O #E), BRI HICAIRIREE & 22 5 72
BT 110 B 5 1] (4.5%) O AT, NaRIX PRT i/ MiEE 3 4 (5.4%) . xFHREE 2 5] (3.7%)
THh-o7= (p=1.0000, Fisher DEBIE),

JRYLAE

Y BT 2 A FHARILE 88 MRS 58 Bl Sav7z, PRT-If/IMREE TIE, &
YUIiE 45 PEA A 28 BllClE Shve (LBl 720 1.61 1F), RYYE 6 IR HEEDOHEFS:
oS, TOWNFRIE, A M AT A LR (CMV, 16, ZLv7v=T (24),
RIGHEVER IR (1 61), B (1 #) BLOEmE (1 #1) Tholo, CMV EIYEL
K UTZBRE 1 ENE, Siias L OWIm AT CMV O MiEFRRESEECTH 72, %t
FREECIE, JRYUWIE 43 th3 R 30 Bllcimr Sz (L Bld7= D 1.424F), 55 9 fENEE
DEEFEFRZIIHE SN, ZTONFUL, MEEYE 1 f) . MEERUE 1 #) . 583
T ASILFNLASE (161), Clostridium YERIGSR (1 41), Clostridium difficile KI5 (1
Bil) . SR AT AL ZREGE (1) . IBERE MR EEG (161) . BumieE (1 41) , Buf e
vav s (1) Thot=R, WTIHEIMLICERE L2 Ll Sz, 1 4L Eoi&gs
R LB OBIGITTABERBEMAIZZA BT (p=0.5731, Fisher OEHE) . BH 1
Bild 7= 0 OFEEGRMAEIC b A B RHEMET A DN d o7z (p=0.45T71), K412, HE
F535 L SAE ORAEREZERT 5,
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3. I/ M OKpds KON/ Mk (< BEE 4 % BIYRFHIZE B OEHK

I/ )RR L.

28 H ] % 5- 1R o O 1R B FEHE 711 28 H il % 51 F iR O 1R B FEHhE 71

EITHAT 5 1~8[E B Oifl.o A3 A
PN E R PRT-IfL/MREE % HERE piE PRT-IfL/MREE i FREE piE
A S i [E1 5 258 209 303 238
T 7 = L —3 A MM
W OBILEL (%) 180 (69.8) 149 (71.3) 224 (73.9) 178 (74.8)
NT 4 —a— kI
R ORIILEL (%) 78 (30.2) 60 (28.7) 79 (26.1) 60 (25.2)
BE 1HH 7= O/
R g i Bl 4% o P fE 4.0 (1-8) 3.0 (1-8) 4.5 (1-21) 3.0 (1-19)
(EPH)
S B W I o /s BT R B
(SD) (x 101) 5.37 (2.14) 5.38 (2.10) 0.9615 5.23 (2.09) 5.22 (2.02) 0.9867
iigy 1. R o> BLFK) D Sy
A () 2.8 (1.1) 2.6 (1.1) 0.0891 2.7 (1.1 2.6 (1.1) 0.2210
ABO i At ifn. o &
S (%) 41 (15.9) 37 (17.7) 50 (16.5) 40 (16.8)
AV —RilEE 39 (15.1) 32 (15.3) 46 (15.2) 35 (14.7)
~ A F—FREE 2 (0.8 5 (2.4) 4 (1.3) 5 (2.1)
CCIlhour {B\IJ/,_.:E‘E%EA#—:—'\ 73%%‘
S 5 L7 BT (%) 195 (81.9) 164 (85.4) 222 (81.3) 185 (84.1)
CCIZ4h0ur Y,E\IJ Hﬂi_’ E# ;‘%‘: 7J§
HEEFINEmmE S 175 (75.8) 160 (83.3) 196 (73.4) 173 (82.0)
(%)
%d(\gﬁ@?@yi@% 2.32 (1.79) 2.72 (1.44) 0.0107 2.16 (1.69) 2.3 (1.48) 0.2903

* i/ MR O FEHRE (SD) (3. IRBRSEMEEEE AT D i & ONE A LR\ i o W & i
P s LTRIL TS,

#4. HSWHOZ L — FOHMZR LI-BEHKL, 2FEESBIVEED
BEREBOEBHRERDOER
ATt G5 (11041)

WHO 7 v — KBlloHim & H PRT-ff/MERE S FRRE
EREGHAR (56 1)) (54 f51)) pE
HifL % 3k L 7= BB
J1L—FK1 28 19 0.128
J1L—FK2 11 5 0.176
71— 3 4 2 0.679
J1—FK4 2 1 1.000
J1L— K 1~4 33 23 0.127
JL— K 2~4 12 7 0.315
L —R3BLV4 6 3 0.490
EHFEAR (SD) *
EAERGE 0.28 (0.19) 0.23 (0.16) 0.144
HEDOHEES 0.07 (0.17) 0.04 (0.06) 0.171

*AEEROARIEAN AR GBI X ONEBHA IR O B O TR L 72|
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M i AT B

I OFEAfIE, TRBREMEH A 5 MRl O A 2 65 & U CHEE L, AFh
AATERMAT, Eil 1 RFRETR S KON 24 RREIER. 72 & ONTBBRHA O 7280 D fcfokbiie & L
7o WHO 7' v— R 2 BL ko iz 2k U7 BEHIE 19 F1T. WERIE PRT-f MR 12 4
(21.4%) . xtFREE 7 f (18.0%) Th o7, PRTI/IMEEECHITLH 7 L—R 2, 3, 4 D
il oA BEEIL, £AE 1161, 461, 261 Tholz (FL— R4 026130 Tid
AR R LT, TENEEE 17 RIZEET L, b9 1PNIARBREZE T L72)., dEEICE
F57 L —R 2, 3, 4 OHMOBEBERIT, ZnEn 56, 261, 1#IThHoTz, 7L
— N 4 O MITWRAEFEZRO ML T, FEEIT 41 BRORBRZE T Lz, 7 L— Fjlo
M FRFE A Z . £ 412N T D,

TR ORI DR L LT2BE 95 FlCB T 2 FEB L OEIRT Y FRA b o
MRBENT D (KA 74 VIS EF#RE L ORTHIE S4 22 M]), BHx v FR
A > & (CClinow) DIEHVEIXEFES NN oTz, BIRT Y RRA ¥ MIET HHHRIT
Thb, 2110 BIEa g & LR EIZEE LTz,

ZeMEE B

AEFEG L LU RS LB OFIGIE, PRT-ML/NMREEA 26, kFHREEDS 98.1% (54
iR 53 #l) Tholz, LML, AFFLOKRSEIL, il S v/ i/ MEA & 1XBED
RN D Th ol (K 5), RIS TR R S5 ), [BIEMEA TRV 7203 TR
B & DD TRV IS N EFRORAM T, PRT-/MEE 5 F (B 5
), xHEHE 8 1 (FBE 5 4) Thote, EEOAEFSO O L, dmic BEMEN XD
D THR SN F RO ABERL, PRT-M/MIEE 2 61 (1.8%) . *fFEE 2 #iC
Holz, TNHLOREFIF, 774 7% —avy (RHEEE 1 ). BEUE & IR
CRFFRRE 1 4) . 72 & QN /M L1257k 9~ 2 ARk R (PRT-/IMIHE 1 611) Aok L7z,
AR 5 s S oS, WL BREIILICIIBE L o7z, 5B 11F (iR
JiE) 1% PRT-f/MEE, 4 fF [MMAREE (1 1F) . OApREZE (170, SR IRMAREE (1 4F) .
FRIRPAZEME R (1 1F) ] IR BRBE I8 4 LT, S EBIC O L2 A EFRRB L OEE D
AEFGE, £6 LD, 2AEFSEI LV SAE OFA MR IMBREEH 2132 b
feolz, WOMBEICHEENDAEERRNRLE LT HBEE, 2HEEL L0
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HJRpTekRE, Migds LY 3% EE,

£5. AEFL. BEEOREFZREB I USAEDHKIML & OBEEMERIHEES L OHEY

PRT-ff/ My EE paiichisa

il & OB L0 B LT A EES (56 1) (54 f51)
HEHEL

HEFEGD 1L ERA Lo BE K 56 (100) 53 (98.1)

HEREZROAFHIHAEM 654 507
G L PSR O BIfRT

BEELE A 220 596 (91.1) 477 (94.1)

BEEMEA T 53(8.1) 22 (4.3)

BEEMEA RIS XD 3(0.5) 2(0.4)

BEEMEAS TR 0 (0.0) 3(0.6)

REELME 23 & o od THRV 2(0.3) 3(0.6)
EEOHEEG

HEFEGN 1L ETRA Lo A 38 (67.8) 30 (55.6)

HEFGOARFREM K 110 90
HERR L pBrinm o BEfRE

BEEMEA 220 100 (90.9) 86 (95.6)

REEMEASET U 7(6.4) 1(1.1)

BEEMEA RIS XD 1(0.9) 0 (0.0)

BEEMEA TR 0 (0.0) 0 (0.0)

BEEMEA & & THR 2(1.8)§ 3.3
SAE

BHERERN 1L ERE L BEEK 13 (23.2) 11 (20.4)
HEFGOAFREM K 17 14
HERR L gm0 BELRY

BEEMEA 220 12 (70.6) 12 (85.7)

REELE A3 EF U 5(29.4) 1(7.1)

BEEMEA RIS XD 0 (0.0) 0 (0.0)

REEL A A5 0 (0.0) 0 (0.0)

BESELIE 23 & do b THRl 0 (0.0) 1 (7.1)**

TR E A (%) L LTHRET DS, BEEOAEESR LT, BEICEEOER A
SR UHFIEINCERREEL RIFT L LI BEELELTIHLDHFE L RWVE
R EOHREL FFE L, SAE &3, WD 1 2L RICEST5ESLE L 1) BT, 2) 4
M E B I TR E IR, B IS RE D KR e B E . ARSI OE R £ 7 1IN E
B NBHEIRIC T 2 BE e fEADRIE OB L, 3) WM 7E T A HE,

T IBRE(TEMOWE B IR T, BoRiE, SO CHRE SN EEERREMRENTE
LCHRH L,

T IRBREEEMORE® 0 IRT, BOFT, SO CHE SN EEOR EHERB A0
SREE LCEH L,

§ /RIS 6 D AR HE

| BF 1LHNERm Iy 7 0 7% —va vy 7 &KL, 1AL 1 B o IBEGE, B 1
[ oo FH I AR A IE 2 3k Lz,

9 BBRELEMOBRE®RY IRT, oL, SO CHE Sz SAE AN E L L
THEH L,

*OBF LB ST s T —va v s ERLE, .

B
AFRERIT, CClinow Z#51E & LT, PRT /M 23 FRALBR L/ IMICBRAN e L IESHE
RTINS eSS D AR TR L7z, CCI Zz HZRHIlE A & L7z Bl i, PRT LB S
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T BRI MR DSRN TR AT 252 1T DBE. R KV FHEEE & LTS TEe

ZHh ot 1, ARBREFETHE, LMD L, RYMER F IS (LB U 7= M/ Vik
B M7 D CClinour RIS | FEALER M/ INILFIEE D CClinouwr “HAIMED B Z D 20%(H %
WUz FE S R0EAE s Lz, ARBRTIE, CCLinow (EEFHHEHE), CClasnow (Fl
WRHIE E) WTHIUCBIL Th, EHMEE FEIECTE Aevo 7o, M IMROBYMER - ARTE( L
ERZ L0 CCI ME T 2 JRRIEA TH 203, DWW < DO TH —F L 72 fE 1A
BTV %, Aubuchon & 263 fEF BB 2t L LTz 2 v A4 —/X—RCTIZHW T,
PRT-ifi/ MO A A7 IR (38 IREEIELHE) d6 K OB (16.6%K ) H3FEALER /M il
Al & Hle U TR 2 & A i U oG] R1E kI 7 & M L o HiERHR (S-59) & UVA
FS 22 v 72 SPRINT GABR & | RRYSPER] 7 ATECALER U 7o i/ MCRAIRE D CCTinow &
CClLaahour ST FRIHITARUN 2 & & i LTV %, SPRINT 5RBR T S 4172448t
FEDWHE) CCL 1L, AR TR ONTME L IZITE L o7z 12

PRT- /T, SRAFHIT HHICARETE PN T U T M b~ — 0 — OFE BN % 26,
L7elo T, M/MRASTEETTHEIRIBICH D720 55F - BEIAL T L0 ECHITFIA s
D EVHIHDB NS D B, FEOREL, Y AF VAKX R (DMSO) 1F#(£ F T
IR L/ METHRH BN TS, LinL, PEL 7 F U 2T & 51 b~
— N —DFEL L~V R KB A5 2 & 8640 i MRBERIAUE A ZIZTUHET 5 Z & 41,
236 OEIENFEIRTT 252 & REILEINTHDIZH b 5T, KR L
/MR OB TIE, FERDIRIRAF S /R & Helie LT, i, a2 ms L
UG OHER A Do 7o 36384344, Z B OFRERIT, ML/ IMRIZ )T D BEYMER 7R
TEACALER D EE R B A ST 2R AN ETHDH Z L2 FELVICLTBY, 20 k)
IRRBROENRNC LV | dn vitro \ZBIT DHER EOBEMEEZHLNCTE L EEA6ND,

CClihour. CClaanour D FEHEITNF AL S . PRT-M/IMEEED J7 MK o 7225, WS- fE &
b AR & OERIMEN SN TOLEIE (2420 7,500 3 KT 4,500) 4 % E[Fl-
2o CClinou 23 AEN D BIME Z IRl - 72 OFI G 1L, PRT-L/MIEE 71.3%12%f L, %f
FETE 84.1% CTd o7, CClashow MHRMLANE RN & OB A LIRS 7ol OF| G 1Z, PRT-M
IINHCHE 58.9%IT%E L. KHHREE 68.1% Th o7z, AR (MEEE &) HERE L DR
H OO, /MR ILIZ BT DM ORER Tl SN AEROFANTH V. BUEMENL S 4L
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TWBHBIEZ AL L7258 0683 &HE SN2V MR L)Y 30~40%F1ET 5 DI
IREMNE D BERIE L D 4647, W3R T o 7o — KX, CCLICHEL 5 2 % B
DHERE, WHEOIXLHOXICLVFHATELEEZXOND, LML, MR AZ DL S

IZARF53 Th DIRKNTRIEFHDITITRIF TE TRV, 2O XD RfERN G, FERFHIE
H& LToO CCI DIREEITITEEMN &V | EER, 2 < OB TIZEE, ek 2 =25
HH & LTHWTW D 124849

i 1. 3 L O i i B4 56 A B O AT 70> & . PRT- ifn/ IMREBLAI 2 1 5 2 356 o JEUsH .
HICBE T D IEHROMF O AL, i FRR | XM EREE (C DV TRD 722, G-I Iz I 3ihER
FEHEFTHEEIE AT DM T U S EGT SR o To i ZOMTICIERA D B
D WL CTE Do 7o, R/ i B3 K ONRIR M BRa . & 1213 = AR R 22
WD -T2 Z e 0vE . PRT-MV/IMREED CCL 3K FREE L 0 KA o722 &1k, ik
FE I EOFE RN NS RN T2 2 L 2RBE LTV D,

AR B 1%, PRT-M/IMR A EH] L7256 O MR R B G O iv7z, ARBRCIX, f/h
Rl & ORSEMEOAEL DT, TRTOAEELETHRTHHE TH -7, KikRo
BB P JONBBAA I PIC 1,100 2 BA D AEFRENEELZZ LT 2ok
FHRMIIEEB LOBIHENEDD TRAELRLT o2 EZ R LTS, Ll
ARG TBEEEAS 2 oo TRV AT S oA HFFR & 54 LT BB #4641 (PRT-
M/ NBHE 2 1), SERREE 2 681)) 12T 2o 7o, PRT-MV/IMRERICHE AR L= 942 2 (13, i)
BRI 56 D ANIRRE CTdo o 72, HHRBEICHEAE L= FT, Tl o7 -7 1 7% —
vav 7, BEUEB X CIRBFETH 7=, BAEFRLHERB IO/ EIXEERNZ
FL7o& 2 A, MAHBECRICEMEICHE SN FRIT, FBEE. 2FEEL 0%
B JRprekRE, Mkt KOV /SRS, BYYWER L OFAREICE T 2FER Tho7, =
WD DEROFAME IR T A DR -T2 2 &5 PRT-If/IMKEG NI O % 4 7 1
Ty AMIHFRTEDL LN RSNz, UL, TIREREE LT, D WITE 0 K#
LR RRIRARER D —H & U CHHMAEIR 2 FEFHEHH & LT, BIN0RetET — % ZINET
HZEIFAEREEALND, ARBRTIE, MM 27 — 2 IZRIKFEHIE A & L CIE
L7eb oo, BTG T Ok, eI EE S M Oni% 24 K
FICT ERnotz, 7 b— R 4 O FGIImEHCIA Uiz (PRT-If/IMKEE 2 14, < RR#E
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1F) . ARRERIT, HIMICBE S 2BEREZ R T RHAZA LT LT, £z, 7 =414+
DT e, ML) A7 AL Tz TR 3dTho 02 &I12T 5,

ARRERIIT, ZOMIZHE WL OORIRA S - 7o, IRBREMHEEICE G L7V i s
BRI AT DAL T T2 8 R R 2 1T 5 BRGNS B O I AT AR EE R H b & o 72,
BRI I S A LW AN TN 7 RIS S e o 1o, 2 OERIZ, PRT
1/ NRE S D BRO EBRI R BRETFEO—M a2 g 5720, £/, AEB I UKL
BN SN RBORIE I MBI OWT I LR BB EGLT-DICHFREEZLN
TW5, RBRERMFEECE G L2V ed 2 I35k S hehole, 2ok,
itk intention-to-treat ffHTHEMETE e ofc, ZTNHOT—HX L, LlfMmEL LV
FERIZRBRT DT2OIELHEE X b, F7-, CCI & HH O i AR AR O BREUREHR] 23
WSF SR oo & WO IRBRFERFHE ) 5 DML b A H 472 ¢ CClinow (22Tl
17.4% (493 [A]7 86 [7]) , CClaanour IZ DV TIE 22.8% (478 [HIFF 109 [A]), ZHHDT —
B & BRO LI WG CTIRAT 24T 5 7o, JIERE RN ESF S 722 T KV AV
FHOBESIM & FANCHE L, WSRO T —Z &2 LTz, LxL, 20X 5 ITHIERR
DEFIZREN b > 72 Z Lid, T OBMRBFERER CIT, MMtk o CCLRAEM A5 5BEIC
RIS D Z &R T WD,

fam e LC, B 110 x5 s Uiz Z O kiR HER Tlx. CClinouw & {FFEMIE H
& LTHWEE 2 A PRTHIVIMR ORI IMRIZ KT~ 2 A HRITFLRES e o T, L4
M7 — % hr Bk, PRT (i |2 BI# 3~ 2 B2 BIE ISR S a7 o 7z, MRS
FOFRIMER DI B\ A BB Z R D olo 2 L nd . PRT-IL/MREED CCI
IRHE L VAR o 72 b DD, TS XY Mg RFIE A B ITAZISEIN Lo 2 L
R RIS, PRT-M/MREE TR Bz CCI AREANHIM U A 7 OAa] & D EARIZ D723
HPEMPEHLNICT H120IE, S OROIMIENLETH S,
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6. PRT /M & BRI T 2 HIFR (REHIF & BBRREDR) . &5 EENOFEFZREEHLDOER

e 510> BB AR T e G
kf REHE PRT- i/ M f R PRT- i/ M f R PRT- 1l )M #EE

e EENOEERS AE fF¥0 BFEE AEfMHE A% AE 4k %k AEM BFEE AE M4 A% AE % EBEK
aat 384 51 506 56 123 41 148 37 507 53 654 56
MiER LY v GRS 46 25 59 33 8 6 7 6 54 30 66 36
DEkEE 6 4 15 13 6 6 1 1 12 9 16 14
JeRKME, FEMER KON AR 0 0 1 1 1 1 1 1 1 1 2 2
HB X Oukk s 3 3 0 0 0 0 0 0 3 3 0 0
N a 0 0 0 0 1 1 0 0 1 1 0 0
AR R 5 5 4 3 2 2 3 3 7 7 7 6
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TRANSFUSION MEDICINE

euroSPRITE

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

Dick van Rhenen, Hans Gulliksson, Jean-Pierre Cazenave, Derwood Pamphilon, Per Ljungman, Harald Kiiiter, Hans Vermeij,
Mies Kappers-Klunne, Georgine de Greef, Michel Laforet, Bruno Lioure, Kathryn Davis, Stephane Marblie, Veronique Mayaudon,
Jocelyne Flament, Maureen Conlan, Lily Lin, Peyton Metzel, Don Buchholz, and Laurence Corash

A nucleic acid-targeted photochemical
treatment {PCT) using amotosalen HCI
{S-59} and ultraviolet A {UVA) light was
developed to inactivate viruses, bacteria,
protozoa, and leukocytes in platetet com-
ponents. We conducted a controlled, ran-
domized, double-blinded trial in thrombo-
cytopenic patients requiring repeated
platelet transfusions for up to 56 days of
support to evaluate the therapeutic effi-
cacy and safety of platelet components
prepared with the buffy coat method us-
ing this pathogen inactivation process. A
total of 103 patients received one or more
transfusions of either PCT test (311 trans-
fusigns) or cenventional reference (256
transfusions) pooled, leukoreduced plate-

let components stored for up to 5§ days
before transfusion. More than 50% of the
PCT platelet components were stored for
4to 5 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).
By longitudinal regression analysis for all
transfusions, equal doses of test and
reference components did not differ sig-
nificantly with respect to the 1-hour (95%
confidence interval [Cl], —3.1to 6.1 x 108/
L, P =.53) and 24-hour (95% CI —=1.3 to
6.5 x 10%L, P =.19) posttransfusion

- platelet count. Platelet transfusion dose,

pretransfusion storage duration, and pa-
tient size were significant covariates
(P < .001) for postiransfusion platelet
counts. Clinical hemostasis, hemorrhagic
adverse events, and overall adverse
events were not different hetween the
treatment groups. Platelet components
prepared with PCT offer the potential to
further improve the safety of platelettrans-
fusion using technology compatible with
current methods to prepare buffy coat
platelet components. (Blood. 2003;101:
2426-2433)

© 2003 by The American Society of Hematology

Introduction

Despite continued improvements in pretransfusion donor screening and
testing to detect viruses associated with transfusion-transmitied infec-
tions, blood components continue to carry risk of infections disease,
including bacteria.! Nucleic acid detection methods for HIV and
hepatitis C (FHCV) have reduced the window period for infectious risk,
but may not eliminate transfusion-associated HIV? or HCV infections;®
[atal bacterial infections caused by transfusion of platelet concentrates
continue to be reported.* To improve the salety of platelet and plasma
transfusion, a mucleic acid-targeted photlochemical treatment (PCT)
using the psoralen compound amotosalen HCL (S-59) and long-
wavelength ultraviolet A (UVA) light was developed tfo inactivate
viruses, bacteria, and protozoa that may conlaminate platelet and plasma
components.$ Preclinical studies have demonstrated inactivation of
more than 10% infectious HIV particles, more than 105 infectious
hepatitis B (HBV) and HCV particles, and a broad spectum of
gram-positive and gram-negative bacteria.>"® Furthermore, this process
inactivates more than 105 contaminating T cells with effective inhibition

of proliferation and complete suppression of leukocyte cytokine
synthesis 210 )

To utilize this iechnology in blood component processing, a
device consisting of a series of closed interconnected plastic
containers and a microprocessor-controlled UVA light source has
been integrated into a system 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 [or patients who required repeated platelet
transfusions during multiple periods of thrombocytopenia,

Patients and methods

Patients and study design

Patienls with thrombocytopenia or receiving therapy expected to cause
thrombocylopenia requiring platelet transfusion (suggested transfusion
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threshold of < 20 X 10 platelets/L) gave informed consent and were
randomized to 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 enrollment of patients 12 years or
older admitted for treatment of acute or chronic leukemia (acute nonlympho-
cytic lenkemia [ANLL], acute lymphocytic leukemia [ALL), chronic
myelogencus leukemia [CML], chronic lymphocytic leukemia [CLL], or
chronic myelomonocytic leukemia JCMML]), lymphoma, multiple my-
eloma, myelodysplasia, solid tumors, and hematopoietic stem cell transplan-
tation. Patients with the following conditions at enrollment were excluded:
splenomegaly (> 18 cm), history of itnmune thrombocytopenia, dissemi-
nated intravascular coagulation, acute surgical condition, history of alloim-
munization or refractoriness to platelet transfusion, pregnancy, or recent
treatment with psoralen UVA (PUVA) therapy. Patients were enrolled at
Bloodbank, Rotterdam, The Netherlands; Departments of Transfusion
Medicine and Hematology, Huddinge University Hospital, Stockholm,
Sweden; National Blood Service, Bristol, United Kingdom; and Etablisse-
ment Frangais du Sang, Strasbourg, France. The study protocol was
approved and informed patient consent was obtained in accordance with
each study center’s independent ethics committee. 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 transfusion of test or reference platelet concentrate
after randomization. All platelet transfusions were recorded. On-protocol
transfusions consisted of platelet pools prepared according to treatment
assignment, Off-protocel transfusions consisted of platelet producls pre-
pared by methods other than those specified in the study protecol. When
platelet products of the assigned treatment rype 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-donor apheresis and off-protocol random-donor meth-
ods) and samples were not taken to measure platelet dose or for culture
because this was not standard practice at the study centers. Study centers

were instructed to maintain an adequate inventory of study platelet products’

to minimize off-protocol platelet transfusion.

Primary care physicians ordered all platelet transfusions either for
prophylaxis of bleeding or to treat active bleeding, per institutional slandard
of care, without knowledge of the patient’s platelet treatment assignment.
After completion of the 56-day transfusion period, patients were monitored
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 56-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 treatment assignment for each patient.

Platelet components

Test platelet 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 a final plastna concentration of approxi-
matély 35%.!" Pooled platelet cancentrates were leukoreduced by filtration
followed by photochemical treatment (PCT) with 150 uM §-59 and 3 ¥cm?
UVA treatment (Helinx Technology; Cerus Corporation, Concord, CA) for
pathogen and leukocyte inactivation.>®? After PCT, pooled platelst concen-
trates were stored for up to 5 days before transfusion. PCT was used in place
of +y irradiation for prevention of transfusion-associated graft-versus-host
disease.!” Samples were obtained from test platelet pools at time of issue for
transfusion to measure platelet content, pH, and bacterial culture. The
targeted platelet content of test pooled components was 3.0 X 10'¢ platelets.

Reference platelet concentrates were prepared in conformance with
standard operating procedures at each study center as pooled bufty-coat
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products from 4, 5, or 6 whole blood collections using the Optipress device
with top and bohom separation process, conventional platelet pooling
methods, and filteation leukoreduction.!! When feasible the number of buffy
coats used to create a reference pool at each center was the same as that used
for test 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 5 for test pocls. In 2 study
centers (Rorterdam and Stockholm) the reference platelet products were
‘suspended in approximately 35% plasma and 65% platelet additive solution
(T-So}; Baxter Healthcare Corporation, Lessines, Belgium).!! In the other 2
centers (Bristol and Strasbourg) reference 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 requirements for prevention of wansfusion-
associated graft-versus-host disease. Samples were obtained from reference
platelet pools at time of issue for transfusion to 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 platelet product was transfused within 4 hours of completion of the
preceding platelet transfusion, the 2 pools were considered to be part of a
single platelet transfusion episode. Platelet counts were measured from 10
minutes to 4 hours after platelet ransfusion and from 18 to 24 hours after
transfusion to determine the nominal 1- and 24-hour platelet count
increments, respectively.

Off-protocol transfusions were given for the following indications:
acute surgical 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
ifeukocyte antigen (HLA) matched or unmatched plaielels; and lack of
availability of on-protocel platelet produets.

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
platelet components were analyzed for identity to confirm the diagnosis of
transfusion-transmitted bacteremia.

Lymphocytotoxicity antibody assays and assay for potential
S-59-velated neoantigens

Sera were collected and analyzed for lymphocytotoxicity antibodies at the
Laboratory of Histocompatibility and Immunogenetics, Bloodbank Rotter-
dam, using an HLA-typed 60-cell panel. Sera reactive with 20% or more of
cells in the panel were defined as reactive sera,

Sera were collected at enrollment and every 2 weeks during both
transfusion cycles for detection of immunoglobulin G (IgG) antibodies
directed against potential S-39-associated neoantigens. Test and reference
group samples were analyzed, without knowledge of treatment assignment,
using a microtiter plate enzyme-linked immunosorbent assay (ELISA;
Cerus). Platelels from a pool of 2 donors were prepared with PCT or
untreated, and 5 X 106 platelets per well served as the capture antigen. After
ovemight incubation (2-8°C), plates were washed; blocked with IgG-
depleted human serum; and test, negative control {pooled sera from 54
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 (1:5)
and high (1:50) dilutions. Plates containing samples were incubated for 1
hour at 37°C and washed. Fc-specific rabbit antihuman IgG was added and
incubated, and plates were washed. Horseradish peroxidase conjugated to
donkey antirabbit antibody was added and incubated; 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 platelets. Samples that surpassed the cutoff value of the
assay (2 SD beyond the reference range mean) were evaluated further by
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absorbing with unfreated platelets followed by repeat assay with PCI-
treated platelets. Samples that remained positive after absorption with
untreated platelets were quantified for titer or relative concentration of IgG.
Positive results for antibody {0 5-59-associated neoantigen 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 (TINP)-platelet/
goat anti-TNP/rabbit antigoat standard curve (analogous to the PCT-platelet/
human anti-PCT/rabbit antihuman complex in the assay). After the
background subtraction from each format, the specific signal from the
human sample was quantified in terms of the amount of goat antibody
bound to TNP platelets yielding the same amount of signal. Also, positive
antibody samples were diluted 1o estimate a relative measure of antibody
titer. Two positive control samples containing antiplatelet antibodies
(HPA-1) were used to characterize the sensitivity of the assay. These
‘samples remained positive at a dilution of 1:4096. Quantitative IpG 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 l-hour corrected count
increment (CCI} 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 = [(Posttransfusion count — Pretransfusion count) X Body
surface area (m*))/ Platelet dose (3 1011, .
' 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
between platelet transfusions, clinical hemostasis before and after platelet
transfusion, the number of red cell units transfused during the period of
platelet support, the proportion of patients with refractoriness to platelet
transfusion (defined as 2 successive 1-hour CClIs < 5000), and the
proportion of patients with alloimmunization, defined as serologic conver-
sion of the lymphocytotoxicity assay. Specific transfusion-related adverse
events, including acute transfusion reactions, 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.!2
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 bleeding), 1
(minor bleeding), or 2 (major bleeding).’® The sites assessed were
cutaneous, nasal, oropharyngeal, gastrointestinal, genital, urinary, pulmo-
nary, retinal, and invasive sites (catheter, venipuncture, tracheostomy,
surgical). For any bleeding site, if the seventy grade was not recorded, the
missing grade was estimated using the average score for other sites. The
pre- and posttransfusion hemostatic scores were computed by summing the
grades of the individual bleeding sites assessed before and after each
transfusion. The mean score for all patients within each treatment group
{test and reference) was computed. In addition to peritransfusion hemostatic
scores, the protocol required reporting of all hemorrhagic adverse events
during the active transfusion period and during the period of active
surveillance, Hemorrhagic adverse events were graded for severity (nonse-
ricus and serious). All red cell transfusions during the active platelet
transfusion period were recorded as a surrogate indicator of bleeding.

Statistica! 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 § count
increments was 14.6 X 10%L. For the present study, using a .05-level
2-sided test, a sample size of 100 provided a power of 80% to detect a
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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.

Statistical methods

Based on the TRAP experience, a majority of patients in this study were
expected to receive at least 8 platelet transfusions during the 56-day
transfusion period. To minimize the effect of variable numbers of transfu-
sions, the mean 1- and 24-hour posttransfusion count increment and CCI
were computed for up to the first 8 platelet transfusions during the 56-day
transfusion period and compared by ¢ test, Comparisons were according to
cach patient’s randomized treatment assignment.

Te analyze platelet count increments for all transfusions, a stepwise
linear regression model for longitudinal data using generalized estimating
equations was used for all 1- and 24-hour posttransfusion platelet counts
during the 56-day transfusion period of cach cycle.'* Platelet transfuston
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-protocol 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 reatment (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 endpoinits were based on the ITT population
with a significance level of .05 for the secondary analyses. No adjustment
for multiplicity was made.

Resulis.
Patient population

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
patients than for reference patients (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. Disease, therapy, and pravious alloimmunization exposure of patients
receiving platelet transfusions for thrombocytopenia

Treaimant group,
no. (%)
Tost Reference
(n=52) {n=51)
Primary diagnosis
Acuta leukemia ! 26 (50) 24 (47)
Hematopoietic tumor*nonhematopoietic solid umor 21 {40) 19 (37)
Other 5{10) B (i5)
Therapy
Bone marrow transplantation 21(4) 1(2)
Peripheral blood stem cell transplantation 17 (33) 18 (35)
Chemotherapy 33 (63) 32 (63)
Alloimmunization exposuret 46 (88) 44 (86)

There were ne slatistical differences between groups (P > .05).

“Includes muiliple myeloma, lymphoma, and Hodgkin lymphoma, -

1Previous platelet o red blood cell transfusion or, for women, previous preg-
nancy.
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Table 2. Demographic characteristics of patients receiving platelet
transfusions for thromboeytopenia

Treatment group, no. (%)

Test, n = 52 Reference, n = 51

Sex, no. (%)

Mala 30 (58) 28 (55)

Female 22 (42) 23 (45)
Age, mean = 8D, y 48.6 = 14.1 51.1+13.2
Weight, mean = 5D, kg 73.56 = 15.30 74.25 + 15,69
Height, mean = 8D, em 173.09 = 8.70 17147 £ B.19
BSA, mean x S0, m? 1.88 = 0,23 1.89 = 0.22

There wers no statistical differences between graups (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, 5 (5%) received
antifibrinolylics, and 2 (2%) received nonsteroidal anti-inflamma-
tory drugs (NSAIDs). There were no differences in concomitant
medications between the treatment groups except for the use of
antifibrinolytics; all 5 patients on this therapy were among patients
assigned to reference transfusions (P = .03).

Platelet transfusions

During cycle 1, 311 (80%) of 390 test transfusions and 256 (50%)
of 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 ofl-protocol transfusions, com-
pared with 5.6 & 5.5 for reference patients (P = .09). The average
number of on-protocol transfusions lor test patients was 6.2 £ 4.2,
compared with 5.0 £ 4.8 for reference patients (P = .22), The
average platelet dose (101} per transfusion of on-protocol transfu-
sions was lower for test transfusions than for reference transfusions
(3.9 £ 1.0vs54.3 = 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
21.2 X 10", P =.74). Two [lactors contributed to the reduced
platelet content of test platelet products: extra samples (10 mL)
required to measure S-59 levels and loss due to platelet retention
{20 mL) during transfers wilh use of a prototype treatment set. The
average storage duration of test pools was comparable to that of
reference pools (3.5 1.1 vs 3.4 £ 1.2 days; P=.28), with
median pretransfusion storage durations of 4 days for test and 3
days for reference platelet pools. Moreover, 22% of tesi pools and
20% of reference pools were transfused on the fifih day of storage.
All test and reference platelet products were ABO compatible.
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Platelet count increments 1 hour after transfusion

The mean 1-hour count increment for up to the first 8 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 10%L (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.'®'” When the
I-hour count increment was adjusted for differences in platelet
dose using the -CCI, the mean l-hour CCI was not statistically
significantly dilferent 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 cycle 1 (# =.53). The estimated effect of
PCT treatment was a decrease in the 1-hour posttransfusion platelet
count of 1.5 X 10%L(95% CI, ~3.1 to 6.1 X 10°L),

Covariates with a significant (P < .05) effect on the postiransfu-
sion platelet count were, in descending order of magnitude, 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-
ireated platelets gave comparable 1-hour postiransfusion platelet
counts for equal platelet doses in cycle 1 (Figure 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).

Platelet count increments 24 hours following transfusion and
the interval to the next platelet transfusion

The mean 24-hour postiransfusion 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 postiransfusion CCI (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% CI, —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 treaiment and dose was not significant

Table 3. Baseline hematology and coagulation profiles of patients raceiving platelet transfusions for thrombocytopania

Treatment group
Test, n =52 Reference, n = 51

No." Value No.* Value
Hematocrit, %, mean = SD 47 027 = 0.06 50 0.26 = 0.05
Platelet count, mean = SD, X 10%/L 52 191 = 13.3 51 16.7 = 13.1
Hemoglobin level, mean = SD, giL §1 944 = 158 48 89.0 =191
Fibrinogen level, mean = SD, gil. 47 4673+ 1647 ° a4 4724 +1.203
White blood cell count, madiant, X 109¢ 52 0.350 51 0.220
Prathrombin time, mean * 8D, se¢ 28 12841 25 i21x18
Partial thromboplastin time, mean * 8D, sec 50 35092 46 M7 =02

Ther: were no statistical diferences between groups (P > .05).
*Number of patients with baseline values,

‘tThe median is given, rather than the mean, owing to a nonnormal distribution of values.

55



2430 VAN RHENENetal

150 0 o Test
& Reference
N P=0.53
0 T
g
e
'E
f =
S
B
pir
S oA
o
u e
=50 7
T T T T T T T T T T
1 2 a 4 5 5 7 ] 9 .10

Dosa x 10" platglets

Figure 1. Effect of platelet dose on the {-hour posttransfusion platelet count
incrament for tast and reference platelet ransfusions. The {-hour posttransfu-
sion countincrement vs platelot transfusion dosa is shown for all on-protacol {test and
reference) transfusions in cycle 1. Equal doses of test and reference platelet products
resulted in comparable 1-hour eount increments (P = ,53) over the range of platelet
doses transfused. The regression lines for test and reference platalet transfusions
appear superimpased.

(P = .31). By regression analysis for all transfusions, PCT-treated
and non-PCT-treated platelets gave comparable 24-hour postirans-
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 [or 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 relerence populations with respect to duration of the first
period of platelet suppert 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 patienis (Table 4).

Posttransfusion platelet counts for patients enrolled in cycle 2

Because of the limited numbers of patients enrolled in cycle 2 (10
test and 2 reference patients), data for postiransfusion platelet
counts were analyzed only by longitudinal regression. The treat-
ment groups did not differ significantly with respect to the 1-hour
platelet count (P =.47). The estimated effect of PCT was an
increase in the 1-hour platelet count of 4 X 10%/L (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 cycle 2
(P = .90). The estimated effect of PCT was an increase in the
platelet count of 1 X 10%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 peritransfusion hemostatic assessments, 71% of test and
63% of reflerence patients had at least one episode of bleeding
before transfusion (P = .36). The incidence of bleeding events was
lower and similar in both groups afler platelet transfusion (54% test
and 49% reference; P = .62). There were no significant differences
in hemostatic scores between test and reference patients either
before or after transfusion, and average hemostatic scores were
lower after transfusion in both groups (Table 5). When hemostasis
during the entire transfusion period was assessed on the basis of
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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 8% reference). Only 6% of
patients in each group experienced severe hemorrhagic adverse
events (Table 6), Bleeding 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 = 54) 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 I (test =041 % 0.35, refer-
ence = 0.56 * 0.68) did not differ significantly between treatiment
groups (P = .16).

Refractoriness to platelet transfusion, lymphocytotoxic
antibodies, and antibodies to potential
S-59-associated neoantigens

Patients were classified as refractory to platelet transfusions if the
1-hour CCI was less than 5000 for 2 successive transfusions. All
patienis diagnosed as refractory were evaluated for lymphocyto-
toxic antibodies (LCAS). Seven patienis—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 [rom 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 1. 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 againsi potential 5-59—
related platelet necantigens,
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Figure 2. Effect of platelet dose on the 24-hour postiransfusion platelet count
increment for test and reference platelst transfusions. The 24-hour postiransfu-
sion count increment vs platelet transfusion dose is shown for all on-protocol (test and
reference) transfusions in cycle 1. Equal doses of test and reference platelet products
resulted in comparable 24-hour count incramanis (P = .19) over the range of platelet
doses transfused. The regression lines for test and reference platelet transfusions
appear superimposed.,
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Table 4. Total duration of platelat sﬁpporl, duration within each period of platelet support, and transfusion interval in cycle 1
Treatment group
Test(n = 52) Reference (n = 51} P

Total duration of platelet suppert, mean = S0, d 1582 +11.2 127 =124 28
Duration of platelet support by period within cycle 1, mean + S0, d

Period 1 (no. of patients) 1.7 £ 9.5 (52) 10.1 = 11,7 {51) =48

Period 2 (no. of patients) 7.5 %7.2(22) 8.0 x7.9(14)

Pariod 3 (no. of patients) 15.0 (1) 5.0 £ 6.9(3)
Time between transfusions during first period of platelet suppont, mean * SO, d 30123 3.4 +1.21 A3

All ransfusions for the ITT population were recorded during the 56-gay transfusion period. The period of platelet support was defined as the number of days frem the first
study transfusion lo the [ast platelet lransfusion, If an interval of 7 or more days without platelet ransfusions accusred, the last platelet transfusion before the interval with no
platelet transfusion was reated as the last platelet transfusion for that perfod of support. If platelet transfusions were resumed, the length of subsequent periods of piatelet
support was added to the first period of platelet support to determine the tolal peried of platelet support during the 56-day transfusion cycle. Thus, patients could have mulliple

pericds of pletelet transfusion during a §6-day cycle.

Acute transfusion reactions and other adverse events

All patients were evaluated following platelet transfusion for
transfusion-related symptoms and signs. Posttransfusion events

classified as acute transfusion reactions included fever, chills, -

nausea, skin rash, urficaria, 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 platelet transfustons (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 tn 13 (25%) patients
randomized io the reference platelet group. Adverse events re-
porled as related to platelet mansfision were not statistically
significantly different between the groups (P =.20). No study
transfusions demonstrated transfusion-associated bacteremia, Four
test patients and S 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 2 meaningfi:l

transfusion experience Lo evaluate the efficacy of platelet compo-

nents prepared with a pathogen inactivation process. This study
used pooled random-donor platelets prepared with the buffy coat
process, a methodology 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 postiransfusion hemostatic scores® in cycle 1

Treatment gmup
Test Reference
(n=52) {n=51) P
Pretransfusion scora 0.43 = 0.46 045+ 0.57 .84
Paosttransfusion score 0.28 = 0.39 0.30 = 0.43 Bi

Twelve potential blgeding sites were evaluated by a blinded observer and
assigned a score of 0 (no bleeding), 1 {minor bleeding}, or 2 {major bleading). The
pre- and postiransfusion hemostetic scores for each transfusion were compuled by
summing the grades of tha individual bleeding sites before and aiter each transfu-
sion,

*Mean % SD.

and platelets prepared by the platelet-rich-plasma (PRP) process
provided similar 1- and 24-hour count increments?® Similar
observations have been'reporied 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-Scl)

Table 6. Hemorrhagic adverse events by system organ class Incycle 1

Test Reference
{n = 52}, no. (%) {n =51}, no. (%)
System organ class Total Severs Total Severo
Any hemorhagic event 41 (79) 3(6) 38(79) 3(6)
Eye disorders 7{13) 1(2) 0(0) 0{0)
Eye hemorhage 3(6) 0(0) 01{0) 0{0)
Retinal hemorhage 3(6) 1(2) 0(0) 0(0)
Gastrointestinal disorders 1835} o 14.{27) 142)
Gingival bleeding (17 0{0) 6(12) 0{0)
. Rectal bleeding 4 (8 0{0) 1(2) 0{0)
Gastrointestinal
hemorrhage 3(6) 0{0) 5(10) - 142)
General disorders and
admiristration sits
conditions 11 (21) 0(0) 3(6) 0{0)
Injection site hemorhage (17 0{0) 3(6) 0{0)
Investigations Q(17) 0{0) 7 (14) 0(0)
Hematuria 7(13) 0{0) 6(12) 0{0)
Respiratory, thoracic, and ) .
mediastinal disorders 24 (46) 1(2) 27 (41) 0 (D)
Epistaxis 22(42) 1(2) 2i (41) 01{0)
Hemoptlysis 6 (12) 0(0) 2 (4) 0{D)
Skin and subculaneous
tissue disorders 19 (37) 0 ({0) 15 (29) 0(0)
Purpura 3 (15) 0{D) L7049 0{0)
Petachiae 7 {13} 0{0) B(16) 0{0)
Ecchymosis 3 {6} 0({0) 0 (0) 0(0)
Surgical and medical
procedure 3(6) 0(0) 1(2) 0(0)
Postoperative nemornage 3 0oy [Vi{y)] 00
Vascular disorders 7{13) 0 (0} 4(8) 0(0)
Hematoma 7{13) 0 (0} 4(8) 0 (0)

The numbers of patients with hemorrhagic adverse evenls with a frequency of
5% or higher are listed for system organ class and for preferred terms within each
systemn organ class. Within some system organ classes individual evenls {temns)
occurred with a frequency of less than 5%; these were not listed bul were captured
within the system organ class. Some patients had more than one type of hemomhagic
ovent within a systern organ cfass. The proportions (%) wers compared by 32 tesis to
determine whether statistical differences were present between the treatment
groups. The proporlion of severe hemorrhagic adverse events is indicated sepa-
rately, Mild and moderate adverse events did not require specific trealmend interven-
tions. Severe adverse evenls required treatment intervention and change in patlent
activity status. There were no statistical differences (P > .05) between the treatment
groups with respect to the incidence of any hemorhagic adverse events,
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provided similar count increments and CCIs.'® PRP platelets are
stored in 100% donor plasma as individual concentrates rather than
‘as pools in 2 mixture of plasma with platelet additive solution.
Therefore, PRP platelets prepared with photochemical treatment for
pathogen inactivation may potentiaily demonstrate differences in
clinical efficacy. Recently we reported preliminary data from a study of
single-donor platelets collected by apheresis, suspended in platelet
additive solution, and prepared with photochemical pathogen inactiva-
tion.?? This study demonstrated that single-donor PCT platelets were
equivalent to conventional platelets for prevention and treatment of
bleeding in severely thrombocytopenic patients receiving multiple
platelet transfusions. However, average 1- and 24-hour platelet
count increments were significantly lower in patients supporied
with single-donor PCT platelets. Thus, different processing meth-
ods may result in differences in postiransfusion 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 1-hour CCI of 7500 or more
constitutes an adequate response.? Earlier studies of the response
to platelet transfusion demonstrated that multiple covariate factors
afTect the response to platelet transfusion.?*6 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 patients were expected to receive at least 8
transfusions. 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, pretransfiision 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 bufly coals were used to produce pooled platelet
doses of test and reference products. In one study center, 1o 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

- platelets provided comparable 1- and 24-hour count increments.
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 commonly recognized as sufficient for
transfusion support.” With an integrated processing set, currently
observed losses of approximately 8% are not expected to require
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use of additional buffy coats to prepare therapeutic doses of PCT
platelets.?® Importantly, the responses to test and reference plaielet
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.!®1726 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
demonstrated transfuston intervals within reporied ranges.

The mean number of on-protocol transfusions and the total dose of
plaielets transfused during the 56-day transfusion period were higher in
the test group; however, this difference was partly accounted for by the
higher rate of patient withdrawal from the reference group (10 patients
vs 5 patients), resulting in more days of thrombocytopenia in the' test
group. Withdrawal most frequently was due to enrollment in a siem cell
transplantation protocol for additional therapy that did not allow for use
of experimental platelet components. These patients were withdrawn
from Lhis study by their primary care physicians who remained blinded
1o platelet transfusion group assignment. The nonrandom 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
pericd of platelet support and completed cycle 1, the average number of
platelet transfusions for hat population (19 test and 12 reference
patients) was 3.5 and 4.4, respectively. - .

FPlatelet transfusions are given to prevent and io treat bleeding
associated wilth thrombocytopenia. In this study, assessment of
hemostasis utilized integration of the pre- and postiransfusion

. hemostatic evaluations, all reporied 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 hemorrhagic adverse events. One test patient
and 2 reference patients had cerebral hemorrhage resulting in death
during the posttransfusion period. Five patients in the reference
group and no patients in the est group received antifibrinolytics
during the study. This class of medications could have resulted in
reduced bleeding in these 5 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.2

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 lo conventional platelet
components for iransfusion 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
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 p53 mutation, S-59 was not carcinogenic at
1000 times the clinical exposure.’!

Previously reporied studies have demonstrated that the PCT
technology provides robust inactivation of viruses, bacteria, and
leukocytes in platelet components.>*® 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
(RFR)

T MU UHIRE (S-59) LERSMIRA (UVA) & HWeBiige 2 —7 v b &4 5
JEASLEE (PCT) 13, M/MREANCIRBAT 20 A VA MlE, iR K OB IMEROAREE
FHBE LCRR SN, Fxld, N7 0 —a— METH L 7z i/ MREANT Z o gt
K ATE AR & I T2 356 ORI R T OS2 2 728, i/ ki 2/ v
R SFRIEE . R 56 HEWLEE T 2 M/ MBI ERFE 254 E LT, 74 MME

BB A2 FE ki U 72, FBFE N 103 BTk L, PCT ALEE L 7= B ERER 2 77— /L /v
RIF (WEBR) F IRk FIMERERE 7 — v i/ MR EAT GHIR) & 1 e Bl L (%
MEI 311 Rl L U8 256 [1]) , Enin AR 3R 5 B & L7z, PCT i/ Mikss @ 50%
LBE, i siORAF I 2Y 4~5 B CTh o7z, 1~8 B H Ol 254 5 & L7z i Tl i
i 1 R O SRR E ML/ SN B U T, HBREE & et BRRE O RN HER AN 22 A B 7221
O BN o7= (13,100 + 5,400 vs 14,900 + 6,200, p=0.11), Sz %5 & U7-
RENENF AT L0 HEREE & 6 BRI O I Mkl #5842 55 LWSRIRICHIIE L7 & 2 A,
il 1 PR R 36 KO 24 WEfHI$R O M/ MBI B L THEZITRD bigro 7o (BERZED
95%EHAIX ML, £ Z41-3.1~6.1 x 109L, p=0.53 3 L *-1.3~6.5 x 109L, p=0.19),
i/ LA - i AT AR A T 36 K OV o R, il B2 i MR DA B 2R AR
Th-o7 (p<0.001). BRI IEMAREE, Ml IEAEFRE LORAEFRICEL T,
BEMIZ2I IR0 DR o T, MMy 0> PCT AL, /N7 ¢ — 22— N HORIIV MR ARy
OBATOFIRFEBMATRE/R FIETIT S Z LN TE | /MR O 22 & 5icm k
SHL AN D 5, (Blood. 2003;101: 2426-2433)

X C®IT

WMLATD RS —2 7V —=2 73 L O MEGE I BIE T 5 U A L 2 DR R A 5T
ATEESNTE RSS2 D LT, MIREA TITMER SIC X DEYMED U X 7 KK
ELTHET S 1, HIVEB X O CHEFR (HCV) OBRELEEANCLY, BV A7 0
BB HDHUA L Ry A4 RFEHE LTS Ho0, iz kv HIV2ZE L O HCVS &
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GupE U 2 wRePEI3FR 0 | i/ IRIRIEIR O i, 2 SR A & 9 2 BOEEME ORI R GE & KR &
LTHESNTND 4 I/ids X OGO 22 &) 5720, ivIREs KON
FAIZIRIEL T2 2BZNDH L7 A VA, B LORBORNELEZHE LT, &
Y 7LV AEMTHLTE MY LRI (8-59) L REREINR A (UVA) vz
Egz 2 —7 v b & 2 EANLEE (PCT) MBS Sz 56, RIlGARRERTIiX, 106
Vb HIV U A VA 105 LA EORGerE B AT (HBV) BEL O HCV U A AR, IR
D7 T MEPERE R LU T AR Z NG LT D ZERHL NS TND 578, S5
2. PCT &, 105f8LL EDFEAFE T Miluz NE(L L. HEAZIRBICHET 5 L & i, B
MERIC LB A NI A Rk & se 2l 5 910,

Z OEG A& MIREA OB FIA T 2720, —HDO T T AF v 78Sy 7 & et LT
PIRIEIK & v 7 a7 at o Yl UVA LI 578 2358 & fiin i R oo LUk
VATAELTHALL, ZO¥EREZAVCHER L 7z i/ MOFI OTEFR S X024tk
RIS 2 72 i R E 00 #8500 3 ] C L B g . A e V) ARG EEAN B D BB A st
%L LT, intent-to-treat (ITT) MEHTIC XD T > & LMt H B M LG A F2hiE L 7=,

BEB X UOFHE
BEBLIUORBRT VA v

1/ MRV E Z F8IE L TN D 2 i IMRIBAME D JRIKIC 72 0 5 D1FK 22 TR0, ik
B 2 688 & 9% B3 (Wi O HESERIMEIX 20 x 109L &) »"HA v 74 —A K3
T METUS LTt SRR E & U T B Zp i/ Mg i 3~ L gRER f MR 2 OV D EEE |
SRR Z AW DR 7 o 2 2ZEID AT, IR 56 A OXERIEZIT o 1o, B
K2 E, AMEEIEEA R [SEIEY o MEE M (ANLL) . &Y >3 3 i
(ALL) ., 18PEEHMEAMmE (CML), BV v MEEfFE (CLL) ., 1E8YEE 5 EERYE [ i
i (CMML) ], U 3, ZFEMERE, HHREd X OCEBEGOMR, 25 NTE
MR DO 7= D ABE L Tz 12 L EORBEZMAAND L 5 BE LTz, BERERC
IRDEMTFEY LI BE L, ARB RO L 0 1) BIE (>18cm), 2) ffEMkim
IBIRBDRE DOBEAE, 3) FEFEMEME NEEE . 4) SMEOSNRIROER, 5) /M .l k3
2 [T S I ITANIIRRE O BETE ., 6) 4Lk, 7) it x @Y Z L UVA (PUVA) HRIEHEE,
B BEa L, T (27 VH A 47 4), Huddinge University Hospital
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@ Departments of Transfusion Medicine and Hematology (A kv 7 dR/L A, AT = —

7 >). National Blood Service (7'V & ~L. #[H). Etablissement Francais du Sang
(ARFRAT =), 7T RA) Tholz, IRBRFEMFIHEOKRL LORESEORGIT

F B X OTRREAZ B S OBANHE > TIT o 7o, ARBRIE, BINFES 93/42/EEC, Bk

JNHUAS EN 540 1993, EHES OREKABR DO E O EHE (GCP)., Ak EU 3 & I FR o

Eigaik (ICH) A RIA VBRIV U FESITES TIThNT,

ITT £HNIE, 7o F i, 72B00T & MMEAR TR INRIRIEHE E 72 1300
IMRIRIEHE OB 2 1 [FLL RS 7oA TR L7e, 3T oMk & fodk L7e, 1R
BRIENEIEEIZHE ST 2 (on-protocol) il &1, HEFIFITHIET 2 HIE TR Sz

7= v R IA OB L & U7, JRBRSEHEREEICE A L eV (off-protocol) #I & 1%
TRER FEHE AT E I HHE STV D BIAO B E TR S vz i/ M EAI o & L7z, #10
11 BT FEEE O i/ MR AR T X 22 0v o T2 A2iE, K akBRitiag o iaR LIt -

T AR/ IMRERA A i U 72 (TRBRIEREF M F T8 & L 722\ L) o VABRSEMFH 2
A L7l MR &%, TRBREREHEEICHE SN TV D B0 HE (B—RFF—o0
77z L— U AR LR ERGHEEICE A LW T U F A R —Z W= 5E) |
sz b oT, /i S B ORE M TR ERAER OV TR, R
MRk DEEHERZERS & L CTIThR TR - 7otz Fhili L -7z, RBRMiEICIZ. A5
FEREFT B E A L 722V R L R A Fe NS 2 2 728D R i M A D TR 4
TR D L R LT,

B 3 72 i H i o VR FH o i MR L3, EIREEDS, B O d R i 0>
B 250 5 22 REE T, AR OTRFRIEEICAE - THER L7z, 56 B M OMmIH& 7%, &
HIZ 28 AME=4—LAFFRLELE LT, ZORYOD 84 AFMORERMIM (561 V1~
JV) KT, RBRkE T E 721360 1R GREBUBRR 3 CRRE) 1. BN o i MR LIS X
B XAFHEEO MBS OV CRE 2B U, /MRS R RE 2 S DI B e L
BEIIE, 2 BIHORMBIE (56 HE) &Z0%OAFEFRLFAMM (28 A (5 2
YA 7N) ITHBERT DR OERE L, B2 A7V EHE LA 7V EFERRICHEm L, 4%
BEITH 1 VA 7L LR CHRGEICRID 72,
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/MR

PR I/ R R X, S hER% IS T b £720F 6 Ay D2 top and bottom 512 K D
MRS Bl E OptiPress (Baxter Healthcare Corporation, 7 « % kb, 75 R) %
RANTT =T o —a— %, f/MUORINE (InterSol ; Baxter Healthcare
Corporation, LI —X_ ~YLF¥—) ZHMN - LEL L, MIEDHRAIRE LK 35%D 7 — /v
M/ MRIRIZIR & LTz 1, 7 —) VI/IGRIEIRIE. Al X 5 A MmERBRE#, el S-59
(150 uM) 12X D48t E UVA (8 J/em2) M (Helinx ; Cerus Corporation, U 7+
=TI A 3= R) S & DB, G EIN -8 L OV HIIER 2 NS L7z 589, PCT
%O T — Vi IR IE R, i E TR 5 BT Lz, PCT I, S s A g 3=
RO TR & BB E LTy o 0 I A L7z 10, BRI MR " — b Z i L2 fifs
B, M KO pH OBIE B K UM B A OY > 7 AR LT, SR
IR =L BAR ML/ IMEENE 3.0 x 101HlH Toh - 72,

e BRI/ MR IR 1, 45 BRIt i ORFTERRME TN 29E > T 4, 5 £7213 6 Ay o2
726 top and bottom VEIZ K 2 MLk 53 BEREE OptiPress # W T — "7 f—a— &
FEAL . EROFHEIC LY M/IMRE 7 —/L L, BiLEKZ ABIC KV ERE L 1, WRETH
AU, SRR R 7 — 1 & PRI MR 7 — A OFRENZ L, TR S RSy DN T o — =
—hzHWwiz, Lol Tasx (77U A hb, BEE) Tk, kMM 7 — L O F R 1,
FRYEFIEE IO > T4 NGO T o —a3— el L7e—J7, #Bii/ M 7— 1 oz
3. 5 NyDONRT7 4 —a— e Lz, £z, 2 ik (my T AFXLBELORA hy 77k
Jv ) TR SRR NG O R E L M8 & i MRESINE (T-Sol ; Baxter Healthcare
Corporation, L3 —X, ~L¥—) D 35% : 65%IEA TR AT L= 1, fhod 2 fligg (7
A MVBEIOR RT AT —/b) Tk, sk BRI/ MREANIIE 100% K- —im 82 6 Uiz,
%t BRI M — v OB ATER A RIS R 5 A& L, 1BIREMEICIE - € S e i
%t FIR O TBE O 1= O B LI S AV B A I IE, RISy A BRI U7z, sk B/ i~
—v i IS a3 2B, bk, pH ORJIE PR L OHIEEERAEN O 7 &
BREC U 72, xR I/ 7 — v o B AR /MRS 8.0 x 101 Tod - 72,

VAN 5T AN
T VI RS 0@ . 1 Ny Z ARl U7-, M/ MRERNIIL O 52 T % 4 BRERE LLNIZ RO

63



Z— U R 2w U785 E . 2o 2 [mloii X 1 [\lo Mg & e Uz, i)
BT R L. 10 29 % ~4 W% & . 18~24 % IHE L. Fh -2l 1 FE
L 24 W% (4 BAE) O/ MRESINE O B I A=,

TRBRFERE I E @ S LRV, IROBGE I TN« SEDSMEHE R Tl M i
FEINECDS IERE L AE C & 220 E /M AR g (A V) TH— R — [t
~EImERGUR (HLA) @& OA MO T] Bkof/ Mz l4 2 68508 H 5546, 16
BR M A 2 B D MR O B BSR4 2 B

i/ L 24 RERRILAIPIC 2°C 28 2 2 KR E5A.. & 2 WITEEZ ) 1°C 2B R 5
KR EFZ2R Liche, MBdEEZERT 2 & & HIT, Ml A7z i EE ) 5 5
LI TNDRERBEZIT T, MEEEEPEETH - 12581013, kiR & ik
By B B SNVTEER ORI —MEZ 092 2 LI L0, E@iiic & 2 B fE & 20 & i e
L7,

U U RBREFEWGUET v A B KU S-59 BEFHUFREREEDT v A

U U RERGEVEUR AT FH O il 2 B EL L. Rotterdam If{%#R1T ¢ Laboratory of
Histocompatibility and Immunogenetics (2T, HLA B8 & 2372 /SR VAR 60 FlEE %
FAWTHT Lz, 20%LL B ) Vilild & SO Lo i 4. Bty & e LT,

S-59 BHEHHURICK T 2 7 n 7 ) v G (IgG) 2T 5720, ek L O
A 7 A Ho> 2 B MIE 2 PRI L7z, BRI KOS IRRE ORI, 55510234
BRVWEHT T v A7 XA X —7 L — N VT EEERE A 0Z I E T (ELISA: Cerus)
WL Lo, flifesiie LT, NP —7— (12 AN4y) Hkoif/Mi%z PCT LBtk
FITRMEEOIRRET, 1 7V =MD &E 5x 108fHF 207 E LT, 7 b— MI—WiAf v ¥ =
N—a v (2~8°C) ., BEFL, b b IgG BREMETT vy F 7 Licth, MK,
e IR (BERE R —54 A BERE L 72 7 —/LiiiE) B X OB Rk %2 7 = vic
W LTz, WA L OMart IR IAIT 1 5 ISR L TRV, Bt e Lzt b
#i Plal % (Immucor, ¥a—Y 7 M/ —27 mR) (I, KEREE (1:5) BLOEA
REEE (1:50) THALE, BRIEZRMLEZ7L— ME37°C T1RHA v Fa—T 3
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U, W LTz, Fe frRm o - Fhie b IgG 2N, 4 o FaX—Ta LR LT,
R—RATT 4 v vatFxFH—E (HRP) fEHa o ¥hkziRmL, 41 %=
N—v g L, #EE Lien o7 HRP APk E adbrE Uiz, IR S Lz
t kIgGiZ. HRP WETH DT F T AF AL~V (Sigma-Aldrich, I X— V&
FLA A) OREARISZWRIEE (450 nm) THIET 5 Z LI XV L, BiKITE).
PCT MM/ M & fitediUs & L TR LT, 7o' A DOy bATE%E Elalo7offk (O
UERF 04 & bl U CHREYE(R 20D 2 (5 LL s> 2358 13, BICREEiT 5 720, PCT RAL
PR RIS TR S 721212 PCT BRI/ MR 2 -V TR 21T - 72, PCT ARLER fi/)s
WO S BIETH > mRiIE, BUAME721% 1gG OFSHRE 2 &8k L7z, S-59 B
HEOFHUTIZ S 2 FURSE OHIE LML, PCT AR M/ MR ZHIRPUR & LT H,
WOCEE A FIRRICSE M (IR MLTE TS DAV fl) 3 & el U TR ZE O 2 5L L@
STtf & Uiz, BtERIRIZOWTIE, i PCT HUAOMAHRE 2 2 (R X 0 #EE LT,
TyvEAIX, FV=krr7=x/—/L (TNP) /M ¥¥Ht TNP Fifk, 74 FH v X5
K (K7 v &4 ® PCT ALELM/ MK, & b L PCT Hifk /7 ¥ it MA@ A K L 7
F—~v FDT vEA) OREREMNNTZRETHRYIRLIT>T2, H74—~ v R b
77Ty REW L%, £ MRKORRAESIL. FLWBREDE L3 T 5 TNP
/GG PR R B ER LTz, Eio, HURBGEORIEZ AR L, SUi o E 2
HeE Uiz, PUi/IMRPLAR (HPA-1) Z & TePExt ik 2 fla VT 7 v & A JREE &R
P, 2D OBBEREIIARMGE 1 : 4,096 THLEMETH 72, TNP 24K ERAEL L
T2Zib 2 BRIEOFERM IgG 7 v A G, 2 b Mo I 2 #lo IgG REX 9.8
ng/mL 35 X 18 23.7 ng/mL Th 5 = L ARENT,

REBEOT FRA b

R BUGZ B W Tl MR M OB R E I ST d Z &2 h, il 1 REf % o
/BRI L OMRNL 1 IREFH] % OO AR E M g (CCT) o 2 BHE & 2o RaRA »
h& L7z, CCLIL, #aiLod 7z DUFGRHZHIE Lz Mr#k G- &4 v T, AU KV HE
U7 CCT = [(hitin # /MR- i piri /R x ARk (m2) i 58 (x
10-11),

KRBRORIR T RRA 2 ME, RONT A= & Uz MR 24 R o /)
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HHANECS & O CCLL, i/ L & 2 SZRpe 0] ) o o i/ DNk i [0 £, i/ f. R
B e i A% OO RN 72 Lk M PR RE i/ MERORa L L & 2 SCRFIREIE I ] P i, & A 7o AR L BR
FLAZH /Sl PR R & T o T B E O FIE (i 1 e[ $2 0> CCI 2% 2 [Blhdifse T 5,000
A & 2o T E LEFR) | [AIREGREE AN RRAL (U >/ EREGFHMERER THURGIR 3380 Bz
bty LEFR) LICBEOEIE, HONCEMICEEST 2 EFS (SMEmmAOS, Mk
LI X DRIAE &) BLOMOH b5 HEFLR LKL, MedDRA (EFBIHI S
) OERFERLOEERRSEZANTa— Me - ZiR L1z

i )i i 0 1 i 20 R 2 ERR S D T2 oD AL/ MR O R T E AL 6 REFE LAINIC A
AL, HilAHE Lz, HioBZnd 5 12 8Lz b S 72 TiMliL, 0
(Hif72 L), 1 (DEOHM) 7213 2 (ZEOHM) TR Lz 13, HiFHEEALI,
PLRE. . PURENREH, BRG. ERERR. JRES. M. MR L ORERMA (07— v, #iR
R, SUEEIBR. FAN) & U7o, BIERE 7 L— RASEEER SAL7R 70 o T2 L ERAZ I DUy T,
HEALD I X 37 2 -V TRM 7 b— R #EE Lz, Wi ok ikKEZX =273, %
W L BTA2 (S FEA L 78 2 OHIME o 7' L— REEFT 52 LIk VER L, #&58#
(BBREE S L O REE) NORBEFE OV A a7 2R Uiz, MBREMGIEE TIE, #if
J#% D ILMARAE R =277 O1F A, i o ds X ORI I3 L L7~ T o kA
EFHEROMET DL OBE L, HiMEAEFRIIHERE CEREE L EHE) 2oL,
i ARG L) T P A T S 7 9 T iR BRI 2 i O REHERE & L CREER L 72,

‘

|

REBRT VA ¥ OFEHFHIRIL

A FER O SE G %I L O H F11. Trial to Reduce Alloimmunization to Platelets

(TRAP) REROBEBE THROLNIT —XICESE R Lz 14, TRAP RBRICE\W T,
Hi— N — k0 A ERER 2= M/ MRER LA C 7 > Z 2b S iz B 150 #1TiE, 1~8 [A]
H o231 5 ¥ CCI OFEUER 1% 5,532, 1~8 [1] H O i #4 (2 3515 5 FH i/ M)
I OFERER 7513 14.6 x 109L Th > 72, ARER T, A EKHE 0.05 O FIKE 2 A
T, SRR - XPRRBERTC oY) CCL 02 2,807 35 X ONER I/ MEHIINEL D7 8.0 x 109/L
7. B ) 80% THEH T & DAEFIHEIT 100 i & FH S 4T,

etk
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TRAP iR OFEBRIC IS & | KRBROBE ORZEITL, 56 A FEO#EMmBHFIZ 8 [RILLE
O/ L A2 i T S D & PRSI, B O A DB AR T S 720, HEil
1 W% 36 & U0 24 B8 O 241/ M INEGs & ONER CCLIE, 56 H [ oo i ifi 1] 1 2 it
TS 472 1~8 B H ol 2 FFAfii G & LRI L, ¢REIC L D ik L7z, i, &%
BINT 2 MEENTBRERETIE > TIT o T2,

i ifn A SEAMRE R & U 7o /B3R N (56 A [ O & Wit A 7 IS T L 7 2o
1 Rpff#2 36 00 24 IR O ML/IVRE) DTICiE, —MAbHEE F AT L 2R 7 — 2 D
ATy TV A AIEIENRE T A T2 15, T i L[ 5 oD BB TR AR B OO 58 s S
D72 M MR RIEU TR R & U Te, TRBRIENEF R A3 2 2R o> 1 RFHIt
P LU 24 Wt oM /MRS, S B i Al R R e G B vk
BRIEROEMATRFAHIH O, BFEOKREL LT R, b VKRR 8 R E L
T, HRBREE & BRRE O] TH L7z, i, A% (backward elimination) %% ]
W, BEREOSHTICEE (PCT £72133E PCT) ZMHAAATESMET, pfEN 0.05 &
AHERZ 1HOTOWS LTS ZEIZR 0T 7, AEMNRO bl AL &L PCT
DRHENEM Z [FE T VMTHAAS, FIRZHY K LT,

RIR = RARA & ML BT & U CL ITT £ 2 fthr it g & U CTHEKHE 0.05 12T
fifpt Uiz, ZEMEOMEIIITDOR- T,

FER
BEEME

1998 4F 6 7 ~2000 4F 6 7T, HB# 103 B (HBREE 52 i3 L OSHIREE 51 f5) (2xFL 1
[FILL BRI A HEfT L=, 45 1 A 7 D5 THIRUE. 5 (83%) 73%fFREE (67%)
L% (p=0.06), 521 7 LIl &5 72 BE S, wBREE (52 % 10 #i)
DRTHREE (LB 261) L0 Ehoto, ZORMZEDKREE LT, BB B 5L 1Rt
PSKHRRE & el LT 0vo 72 (4,081 H vs 8,633 H).,

WREIE, —R2Wr, e, FRELERAI OMRE, MIRE (R 1) BIOARRERE
Rtk (% 2) ([CBIL TEI BV EI Tz, BRBRBA LAY OO LR 2 RO A s L ONBE [l
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BEIZ, BEIEENH 0 /M2 L2 E LTS Z a2 TR (£ 3), FME
TR b o 7o, REHIHEH. 102 61 (99%) 23] 6 2D RRYWEIEHREE, 26 il (25%)
INT LART U 34 6 (33%) HAPUEEEZE, 4 ] (4%) HHAEREMEE, 5 61 (5%)

DOURRHER IR, 2 ] (2%) WIEAT vA RRHFIKIEFE (NSAID) OLG-E#%)7,

PUsHERRIEOME R 2 b & . DFHSRICEET 2 Be G REM 2 13RO b v dyo 7o, PUdiER
WIRIR OG22 25 B e b, IBEDOEETH -2 (p=0.03),
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1. /MR & % 7o i/ MIBAE B E ORE, 165 E K U RELERR~DRERE

B 51E
B (%)
W BR A xf R
(52 1)) (51 f31))
2k A M 26 (50) 24 (47)
T i SR BT 3 1, Y [ R R0 21 (40) 19 (37)
Z DA, 5 (10) 8 (16)
1R
B R 2 (4) 1(2)
A i g e B A 17 (33) 18 (35)
#e22/-30R 33 (63) 32 (63)
[ el 6028 Ji A~ D gk R 46 (88) 44 (86)

AP AERLCEMERFROoNGEMN > (p> 0.05),
*ZREERHIE. /B ROF Y UNERE,
T /MR FE[EFRMBRBME. &5V IEREDEHEICITIEIRE.

R 2. M/IMRIRAMER U T /MR 2 3 i 72 & O A DR a0 RHE

BehGRE, Btk (%)

BEBREE, 52 {5 *EREE, 51
PERILL Bil%R (%)
B 30 (58) 28 (55)
pegia 22 (42) 23 (45)
HFn, ) £ SD, % 48.6 + 14.1 51.1+ 13.2
K&, P £8SD, kg 73.56 + 15.30 74.25+ 15.69
R, Y% +£SD, cm 173.09 + 8.70 171.47 + 8.19
RFREMAE, Y £SD, m? 1.88 + 0.23 1.89 + 0.22

HEAFMICHERLGEREFRO O NGEN > (p > 0.05),

LiWAN T iiiing

B 1A 7 VI THEAT S AL g BRI 390 B 311 [H] (80%) 5 L UNKT HRGI f. 286 [H]H
256 [F] (90%) 2%, TRBRFEMGFTEIEIHE - Tl S av7z i MREAI 2ME ] S vz, S
i/ ERILE S (FRBR M FH I A D i, TR A LRV & b
BOTYE) 1E, BEREE 7.5+ 58 EICH L, M 5.6+£55ETH-7- (p=0.09), iR
BR FE Nt 7 T ST D i O PR, BRBREE 6.2 + 4.2 [Nk L, xIHREE 5.0 + 4.8
FlCh o7z (p=0.22), IRBREMFEEICEE T 20 1 [5& 72 0 o FE i/ i B 5-
& (101) (X, #BREESKHREEL 0 D 7eno7z (8.9+1.0vs 4.3+ 1.2, p<0.001), IAER
S F IR A D i o R LR R B O SR, B ZZIEER O b iviRino T

(BBRAE 22.3 x 1011 vs RIHFE 21.2 x 1011, p=0.74), #ERIML/NRELA] D 1/ N )™ %) T

10
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FUHN L VAR Ze o T2 ERNE, S-59 IREHED /2B MDY 7L (10 mL) ZHET 25 24
ERboloZ &b, Wty MIRER AR Lc7cd, /MREB LR DBROF > |k
WNERIC X 4% (20mL) b7 LD 2 H5Th -7, #R7 — /L O AT 1E 5
OFENIHR T — L A% T (8.5+1.1 H vs3.4+1.2 A, p=0.28), M ATRFLIM D
HRAEIIHER 7 — v 4 A, ST —L 3 A CTholz, IHIT, #R1F 5 A BICHm X 7= #
B — V3B LUK T — L OEIGIE, ZNEH 22%35 LU 20% T o 7o, #ER /M Al
P KOS BRI/ RN L9~ T, ABO U3 ES L CTUWe,

* 3. M/MRIBAEICX L /MR & 3 i 7 B3 OFRERBA kAR O ik FEIBREE R
K OB R EE

B hEE
BREE, 52 xPHREE, 5141
b fiE % fiE

~~ r27 Uy b %, ¥ £SD 47 0.27 + 0.05 50 0.26 = 0.05
/i, E¥) £ SD. x 109/L 52 19.1+13.3 51 16.7+13.1
~NEZmEE, ¥ £8D, g/l 51 94.4 + 15.8 48 89.0 + 19.1
T4 7YV UE, F¥) £SD, g/L 47  4.673+1.647 44  4.724 +1.203
HfERE, FRET, x 109/L 52 0.350 51 0.220
7'u hu v ok, ¥ £SD, B 28 12.8+ 4.1 26 12.1+1.8
SELN N A N NZ A
if%f/$771?/ﬁ%‘g@i 50  35.0+9.2 46 34.7+9.2

METZHICHEREGHEMEZEEFROoNGEN o (p > 0.05),
*kN—R S A VENGONT-BEH
TENERST LGN =8, FETHEPREEZTT,

A 1 R4 o /MR N g

1~8 [l H il 1 R§ 2 o0 X/ MR INE L BeBRAE 27.5 + 13.5 x 109/L, xf A 35.8
+23.3 x 109L TH o7z, FEMEDZE 8.3 x 109L [95%(ZHEX [ (CI), 0.9~15.8 x 109/L]
FHGEHFICAE CTh o7 (p=0.03), WO M/ MEINEE & 5 I TV S IEH K
W T o7z 1617, gl 1 RefE 14 o i/ NS IR & /MR G- B O 2B L CRiIE L7z & &
% (CCD) #iifn 1 BEfH) 2 03] CCLITIFHR AR A 2 B G R ZE 3389 577 (13,100
+ 5,400 vs 14,900 = 6,200, p=0.11), FHED%EIF 1,800 (95% CI, -400~4,100) T
ofc, B 1A 7 VO A TS L U TRESRIIENF O 2 FEhE L2 & 2 A, fhif 1
R B2 O i/ IMREIZ BT LT PCT i/ IMEGRIRK & 3 PCT i/ MR ORI A & 221358
ool (p=0.53), PCTNH7-56 L= 203, il 1 KFREI% O/ IMRED 1.5 x

11
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1091 (95% CI. -3.1~6.1 x 1091) B EH#EE S,

i 5% /MBI A B2 (p < 0.05) 52 238 &lE, AREAKENEWIEIZ, M
/MREEIAR G- (p<0.001) M/ MREREIE O fLRTIRAEHIH (p<0.001) . AT i
¥ (p<0.001) BLOBEEOKE (p<0.001) Thol, ZNbHOIAERET, PCT & i
/R L G- B O A BAEHIE (p=0.73) 259, PCT & FERZHEEMN RS ot
1 YA 7 v offiii a5 & UZEYRSAT T, /MR G- 03 % LS TIE,
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for pathogen inactivation: the SPRINT Trid

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 Cable,
Scott Murphy, Frank Howard IV, Kathryn Davis, Jin-Sying Lin, Peyton Metzel, Laurence Corash, Antonis Koutsoukos, Lily Lin,

Donald H. Buchholz, and Maureen G. Conlan

We report a transfusion trial of platelets
photochemically treated for pathogen in-
activation using the synthetic psoralen
amotosalen HCI. Patients with thrombocy-
topenia were randomly assigned to re-
ceive either photochemically treated (PCT)
or conventional (control) platelets 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 incidence 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% PCT 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 103 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
versus 6.2 control) were different

(P <.001). Transfusion reactions were
fewer following PCT platelets (3.0% PCT
versus 4.4% control; P =.02). The inci-
dence of grade 2 bleeding was equivalent
for PCT and conventional platelets, al-
though posttransfusion platelet count in-
crements and days to next transfusion
were decreased for PCT compared with
conventional platelets. (Blood. 2004;104:
1534-1541)

© 2004 by The American Society of Hematology

Introduction

More stringent donor selection and increased laboratory testing
have been extremely effective in improving the safety of the US
blood supply.:-6 However, transmission of some infections still
occurs because the present approach is limited to specific known
pathogens, is not effective against bacterial contamination,” does
not test for al pathogens© fails to prevent transmission of
cytomegalovirus (CMV) despite testing,'t and tests for new
pathogens, such as West Nile virus,*2 can only be implemented
after the new agent is identified. With increasing globalization,
previously localized transfusion-transmitted infections such as
malaria, trypanosomiasis, or babesiosis 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.13-17

Amotosalen HCI, formerly designated S-59, is a synthetic
psoralen compound that intercalatesinto helical regions of DNA or

RNA and on illumination with ultraviolet A (UVA) light reactswith
pyrimidine bases to form internucleic and intranucleic acid strand
cross-links. The photochemical treatment (PCT) inhibits replica-
tion of any DNA or RNA. This achieves reduction of abroad 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-
lished an adequate safety profile for PCT platelets.?4% In vitro
platelet function of PCT platelets was preserved following up to 7
days of storage.’>6 Recovery and survival of radiolabeled PCT
platelets in healthy subjects were reduced compared with conven-
tional untreated platel ets but within acceptabl e therapeutic ranges.6
PCT and conventional untreated platelets resulted in comparable
correction of prolonged bleeding timesin patients with thrombocy-
topenia.2” 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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Table 1. Inactivation of pathogens in platelet concentrates after
photochemical treatment with amotosalen and UVA light

Pathogen Log-reduction in organisms
Enveloped viruses
HIV (cell-free) >6.2
HIV (cell-associated) >6.1
CMV >5.9
Hepatitis B virus >55
Hepatitis C virus >45
Duck hepatitis B virus >6.2
Bovine viral diarrhea virus > 6.0
Human T-cell leukemia virus type I/11 4.7/5.1
West Nile virus > 6.0
Nonenveloped viruses
Blue tongue 6.1-6.4
Parvovirus B19* 4.0-4.9
Gram-negative bacteria
Escherhia coli >6.4
Serratia marcescens >6.7
Klebsiella pneumoniae >5.6

Pseudomonas aeruginosa 4.5

Salmonella choleraesuis >6.2
Yersinia enterocolitica >59
Enterobacter cloacae 5.9
Gram-positive bacteria
Staphylococcus aureus 6.6
Staphylococcus epidermidis > 6.6
Streptococcus pyogenes > 6.8
Listeria monocytogenes >6.3
Corynebacterium minutissimum > 6.3
Bacillus cereus >6.0
Gram-positive anaerobic bacteria
Lactobacillus species > 6.9
Propionibacterium acnes >6.7
Clostridium perfringens >7.0
Bifidobacterium adolescentis >6.5
Protozoa
Trypanosoma cruzi > 5.3
Plasmodium falciparum >70
Leishmania mexicana >52

Data are summarized from Lin,4 Lin et al,1516.18 Van Voorhis et al,1%2° Dupuis et
al,?! Savoor et al,?? and Sawyer et al.23

*Preliminary data; inactivation was performed in 35% B19-infected plasma and
65% PAS IlI (platelet additive solution I11) in the absence of platelets. Studies included
a 15- or 30-minute rest between addition of amotosalen and UVA treatment.

were not different for PCT and conventional buffy coat platelets.8
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 enrollment if they had thrombocytopenia requir-
ing platelet transfusion support and were at least 6 years of age. Patients
were excluded from study participation if they had any factors that could
potentialy interfere with assessment of the study end points. These
exclusion criteria included positive lymphocytotoxic antibody (> 20%
panel reactive antibody at screening) or history of clinical refractoriness,
history of immune or thrombotic thrombocytopenic purpura or hemolytic
uremic syndrome, diagnosis of acute promyelocytic leukemia, recent
surgery or psoralen ultraviolet A (PUVA) therapy, interleukin-11 therapy, or
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participation in another study with pathogen-inactivated blood products.
Patients who met al inclusion and exclusion criteria were randomly
assigned inal:1ratiotoreceive al of their platelet transfusions with either
PCT or control platelet concentrates for up to 28 days or until transfusion
independence (7 days without platelet transfusion) prior to day 28. On
completion of the transfusion period, patients entered a 7-day surveillance
period to monitor for additional adverse events. The study was approved by
each site'singtitutional review board (IRB), and all patients gave informed
consent to participate.

All individualsinvolvedin clinical care and assessment of patients were
blinded to study treatment assignment. These individuals included the
principal investigator, clinical study coordinators and nurses making
hemostatic assessments, clinicians and nurses caring for the patient, and the
study sponsor. Blood bank and transfusion service personnel responsible for
randomization, collection, processing, and issue of study platelets were
not blinded.

End points

The primary efficacy end point was the proportion of patients with grade 2
bleeding, as assessed by using expanded World Health Organization
(WHO) criteria(Table 2),2 on any day during the period of platelet support.
Additional secondary efficacy end points included the proportion of
patients with WHO grade 3 or 4 bleeding; number of days of WHO grade 2
bleeding; 1- and 24-hour platelet count increments (Cls) and corrected
count increments (CCIs); number of days to next platelet transfusion;
number of platelet transfusions; incidence of platelet refractoriness; and
number of red blood cell (RBC) transfusions. Safety end points included
number of platelet transfusion reactions, development of antibody to
potential amotosalen neoantigens, and overall safety.

Platelet collection and photochemical treatment

Both PCT and control study platelet transfusions were collected on the
Amicus Separator (Baxter Healthcare, Round Lake, IL), which includes
process leukoreduction, to attain a targeted average platelet transfusion
dose of 3.7 X 10, PCT platelets were suspended in 30% to 45% plasma
and 70% to 55% platelet additive solution (Intersol; Baxter Healthcare,
Deerfield, IL), whereas control platelets were suspended in 100% plasma.
Photochemica treatment!®> was performed at each study site within 24
hours of platelet collection by adding 150 wM amotosalen, mixing, and
exposing the plateletsto 3 Jecm? UVA light in an illumination devicefor 3 to
5 minutes with constant gentle agitation. Following illumination, platelets
were transferred to a plastic 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 5 days according
to blood bank standards.® All donors and platelet products underwent
required blood bank testing.3° PCT and control platelet concentrates were
issued for transfusion in identical plastic containers with identical labeling.
Because PCT platel ets were manufactured solely for the purpose of thetrial,
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 transfusion of low-dose PCT products 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 transfusions were given according to each institution’s guidelines
either prophylactically to prevent bleeding 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 intitution’s
policiesdetermined platelet ABO type, use of irradiation, 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 irradiated in both treat-
ment groups.
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Table 2. Expanded WHO bleeding scale used for the hemostatic primary end point

Bleeding grade

Organ system 1

Mucocutaneous
Epistaxis
Oropharyngeal
Petechiae/purpura

< 1 hin duration
< 1 hinduration

purpura < 1-inch diameter
Gastrointestinal
NA
Occult blood in stool; no visible blood

Melena

Rectal bleeding/
hematochezia

Hematemesis NA

Genitourinary
Hematuria < 1+ (slight, trace, small) blood in urine

Vaginal bleeding, abnormal Spotting; < 2 saturated pads/d

Bronchopulmonary NA

Musculoskeletal and soft tissue NA

Body cavity (pleural, peritoneal, NA
pericardial, retroperitoneal)

Central nervous system NA

Invasive sites NA

Localized petechiae of skin or oral mucosa;

> 1 hin duration
> 1 hin duration
Purpura > 1-inch diameter; generalized petechiae or purpura

Melanotic stool with positive occult blood
Visible blood in stool

Occult or visible blood in vomit or gastric contents

= 2+ (moderate)

> 2 saturated pads/d

Hemoptysis; blood-tinged sputum; bloody bronchopulmonary
lavage

Spontaneous hematoma; any joint bleed

RBCs on microscopic examination of any body fluid

Retinal bleeding without visual impairment
Any bleeding around a catheter, venipuncture site, or other invasive
or surgical site

Grade 3 bleeding requires RBC transfusion; grade 3 body cavity bleeding is grossly bloody body fluid; grade 3 central nervous system (CNS) bleeding is bleeding on
computed tomography or magnetic resonance imaging scan without clinical consequence. Grade 4 bleeding is associated with hemodynamic instability (hypotension; > 30
mm Hg decrease in systolic or diastolic blood pressure) or fatal bleeding; grade 4 musculoskeletal bleeding is associated with a permanent debilitating joint change; grade 4
CNS bleeding is CNS bleeding with neurologic symptoms and signs, or retinal bleeding with visual impairment (field deficit). Expanded scale is based on WHO bleeding scale

from Miller et al.2® NA indicates not applicable.

Hemostatic assessments and laboratory evaluation

Hemostatic assessments of 8 potential bleeding sites were performed by
trained observers blinded to the treatment assignment. At each assessment,
each of the 8 potential bleeding sites was assigned a WHO bleeding grade
(Table 2) ranging from O (no bleeding) to 4 (life-threatening bleeding). The
first hemostatic assessment encompassed the 12 hours preceding the first
study platelet transfusion. Subsequent hemostatic assessments were per-
formed daily and for 3 days following the last study platelet transfusion.
The overal bleeding grade for each assessment was the highest grade
observed for any of the 8 sites assessed. If grade 2 bleeding was observed at
any potential bleeding site on any assessment during the transfusion period,
the patient met the primary end point. For example, a patient with a 2-inch
ecchymosis on day 3 of the transfusion period but no other bleeding events
during the transfusion period would have been classified as having
experienced grade 2 bleeding and would have met the primary end point of
thetrial.

Thedaily platelet count obtained for routine care was used for the study
pretransfusion platelet count. The 1-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 laboratories for LCA by using standard tech-
niques! and for antibodies to potential amotosalen necantigens by using a
validated enzyme-linked immunosorbent assay (ELISA; Cerus, Concord,
CA). 28 f the patient became platelet refractory, all samples from the patient
were analyzed for LCA, antibody to amotosalen neoantigens, and platel et-
specific alloantibodies®233 in central laboratories. The CCI, ameasure 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,
multiplied by the body surface area (in meters squared) and divided by the
number of platelets transfused (X 10~1). A patient was considered
clinicaly refractory if the 1-hour CCI waslessthan 5 X 108 following each
of 2 consecutive platelet transfusions. Immunologic refractoriness was
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defined as clinical refractoriness (2 consecutive CCls < 5 X 10°) in the
presence of any of the following: LCA (> 20% PRA), platelet-specific
alloantibodies, and/or antibody to amotosalen neoantigens.

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. Reactions to study platelet transfusions were
assessed for the 6 hours following each transfusion.

Randomization and statistical methods

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 significance 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 one 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[Pr — Pg])¥2, where Py is the observed proportion
of patients with grade 2 bleeding in the PCT group, Pk is the observed
proportion of patients with grade 2 bleeding in the control group, and
Var(Pr — Pg) is the variance estimated by the maximum likelihood
estimate® The one-sided 95% confidence 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
adverse 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.3>36 Except for
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the tests of noninferiority, all other statistical tests were 2-sided with a
significance level of 0.05.

Results

Of the 671 patients randomly assigned, 645 received at |east 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 platel et 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, chemistry, 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 patients
with grade 2 bleeding, was equivalent for the PCT group and
control group, both overall, as well as for any of the 8 potential
bleeding sites (Table 5). Grade 2 bleeding occurred during the
transfusion period in 58.5% of patientsin the PCT group compared
with 57.5% of patients in the control 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 1A, P = .78) or for those patients without grade
2 bleeding at study entry (Figure 1B, P = .91). Grade 2 bleeding

Table 3. Patient characteristics

PCT; n = 318 Control; n =327

Sex

% male 54 51
Age,y

Mean 47 46

Range 7-85 6-75

% younger than 16 y 2 5
Ethnic origin, %

White 91 91

African American 3 3

Hispanic 3 3

Other 3 3
Stem cell transplantation, %

Bone marrow 20 22

Peripheral blood 54 55

Cord blood 2 8

Total 76 80
Source of stem cells, %

Autologous 64 65

Allogeneic 36 35
Underlying diagnosis, %

Acute leukemia 29 28

Chronic leukemia 11 11

Lymphoma 24 29

Myelodysplasia 3 2

Plasma cell dyscrasia 20 18

Nonhematopoietic solid tumor 8 8

Other 5 4
WHO grade 2 bleeding at study entry, % 15.7 16.5

All characteristics had P > .05, thus showing no differences.
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Table 4. Patient participation
Treatment group
PCT, n (%) Control, n (%)
n =318 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(1.2) A1
Adverse event(s) 0(0) 0 (0) —
Lost to follow-up 1(<1) 1(<1) —
Death 10 (3.1) 15 (4.6) 42
Other 9(2.8) 9(2.8) —
Total 38 (11.9) 33(10.1) 44
Mean days of platelet support 11.8 10.6 .08
Achieved and maintained platelet
independence prior to day 28 210 (66) 230 (70) .27
Completed surveillance period 248 (78) 273 (84) .09

— indicates not applicable.

occurred on amean of 3.2 daysin the PCT group as compared with
2.5 days in the control 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 no statistically significant differences between
the groups in grade 3 or 4 bleeding overal 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 patientsin this study received atotal 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 who received any off-protocol transfusions, most

Table 5. Proportion of patients with grade 2 or higher bleeding

PCT, n (%) Control, n (%)
n =318 n =327 p*
Any grade 2 bleeding 186 (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) 65 (19.9) 0.08
Invasive sites 69 (21.7) 65 (19.9) 0.63
Gastrointestinal 60 (18.9) 63 (19.3) 0.92
Respiratory 35 (11.0) 28 (8.6) 0.35
Musculoskeletal 15 (4.7) 18 (5.5) 0.72
Body cavity 0 (0.0) 1(0.3) 1.00
Neurologic 0 (0.0) 0(0.0) —
Any grade 3 or 4 bleeding 13 (4.1) 20 (6.1) <.01f

— indicates not applicable.

*Fisher exact test was used to calculate the P value for each of the 8 potential
bleeding sites.

1tThe P value for the overall proportion of patients with grade 2 bleeding
was < .01, based on a noninferiority test with a noninferiority margin of 0.125
(one-sided 95% confidence interval of difference: —1, 0.07). By using this method, a
P value of < .05 indicates that PCT was not inferior to control.

$The P value for any grade 3 or 4 bleeding was < .01, based on a noninferiority
test with a noninferiority margin of .07 (one-sided 95% confidence interval of
difference: —1, 0.013). By using this method, a P value of < .05 indicates that PCT
was not inferior to control.
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Figure 1. Time to onset of grade 2 bleeding. (A) Time to onset of grade 2 bleeding
in ITT population (n = 645). Median time to onset of grade 2 bleeding was 8 days, log
rank P = .78. (B) Time to onset of grade 2 bleeding in patients with no (grade 0)
bleeding at baseline (n = 541). Median time to onset of bleeding more than 31 days,
log-rank 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 with 3.6 days for control
platelets (P < .01).

Table 6. Platelet and RBC transfusions during the study

PCT, Control,
n =318 n =327 P
Platelet transfusions
Total number 2678 2041 —
Mean number per patient 8.4 6.2 < .001
Mean number per day of platelet support* 0.74 0.65 <.001
Interval between transfusions, d 1.9 2.4 <.001
Platelet dose, x 101t
Mean average dose 3.7 4.0 < .001
Percentage of platelet doses less than 3.0
X 101t 20 12 <.01
Mean total dose over entire transfusion
period 29.4 24.1 .01
Duration of platelet storage, d 3.4 3.6 < .05
RBC transfusions
Mean number per patient 4.8 4.3 13
Mean number per day of platelet support* 0.31 0.30 .53

— indicates not applicable.
*Days of platelet support is defined as number of days from the first to the last
study platelet transfusion.
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Figure 2. Distribution of transfused platelet doses. A greater proportion of doses
were less than 3.0 X101 in the PCT group compared with the control group
(P < .01).

Patients in the PCT group received more platelet transfusions
overal (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 partialy ex-
plained by the lower mean dose of platelets per transfusion in the
PCT group compared with the control group (3.7 X 101 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 patientsin 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 10%L lower for PCT than for control
platelets (P < .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,3” 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 to treat active bleeding or to prepare for an
invasive procedure. Although mean pretransfusion platelet counts
were similar for patientsin both groups, the mean 1-hour posttrans-
fusion platelet count was lower in the PCT group (36.5 X 109/L
PCT versus 49.5 X 10%L control; P < .001), as were the mean
1-hour and 24-hour ClI and CClI (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 responses following platelet transfusions

PCT; n = 318 Control; n = 327

Before transfusion

Platelet count, X 109/L 15.1 15.2
1 h after transfusion

Platelet count, X 10%/L 36.5% 49.5

Count increment, X 109/L 21.4% 34.1

Corrected count increment, X 103 11.1* 16.0
24 h after transfusion

Platelet count, X 109/L 27.9% 36.1

Count increment, X 10%L 13.2% 21.5

Corrected count increment, X 103 6.7* 10.1

*P < .001 compared with control.
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Table 8. Refractoriness to platelet transfusions

PCT Control P
ITT population, n 318 327 —
Any refractory episode, %* 21.4 7.0 < .001
Any transfusion with CCl less than 5 X 10, % 27.4 12.7 < .001
Refractory subset of patients, n 68 23 —
Single episode of refractoriness, % 57 65 .63
Refractory to end of study, % 6 9 .64
Immunologic refractorinesst
LCA and/or platelet alloantibody, % 22 44 .06
Lymphocytotoxic antibodies, % 15 39 .02
Platelet specific alloantibodies, % 12 10 1.00
Antibody to amotosalen neoantigens 0 0 —

— indicates not applicable.

*Episode is 2 consecutive platelet transfusions with 1-hour CCI < 5 X 103.

TImmunologic refractoriness, defined as the presence of LCA (> 20% PRA),
platelet alloantibodies, and/or antibody to potential amotosalen neoantigens in the
presence of 2 consecutive 1-hour CCl less than 5 X 103.

One-hour CClslessthan 5 X 10° were observed with 27.4% of al
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 101
(P < .001). Most refractory episodes were transient, involving
only a single episode of 2 consecutive 1-hour CCls less than
5 X 10° (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 patientsin
the ITT population (P = .31) and in 22% of PCT patients as
compared with 44% of control patients in 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 aloantibodies occurred with similar
frequency among refractory patients (12% PCT compared with
10% control; P = 1.00).

Although there were fewer transfusion reactions following
transfusion 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 al patients experienced one or more adverse events
(Table 9). Adverse events were coded to 898 MedDRA Preferred
Terms.3 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% control) during the study, mostly
because of infectious or respiratory complications.
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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 goa. 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
platel et transfusion hemostatic effectiveness rather than transfusion
transmissible infections. The tria, the largest one of its kind,
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 clinicaly 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 lower 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 transfusionsin the PCT group.*! Reasons
for lower platelet doses in the PCT group primarily reflected
clinical tria requirements. These reasons included a clinical
prototype of the device was used with a nonintegrated processing
set and a prototype CAD; processing loss for PCT platelets was
acknowledged; samples taken for amotosalen 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 clinica trial, control units were more readily
available, resulting in higher platelet doses. During routine usg, 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 developed and evalu-
ated inasmall 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, %j; Control, %;

n =318 n =327 P
Any adverse event* 99.7 98.2 12
Grade Ill or IV adverse event 78.9 78.6 .92
Serious adverse eventt 27.0 24.8 .53
Treatment-related adverse event} 26.4 29.4 43
Death§ BI5 5.2 .34

*Adverse events were graded | to IV using the National Cancer Institute Common
Toxicity Criteria (NCI-CTC)%® and coded to Preferred Term by using Medical Directory
for Regulatory Affairs (MedDRA).3°

TSerious adverse events were defined by using Food and Drug Administration
(FDA) criteria.*°

FTreatment-related adverse events were reported as possibly or probably
related to the study platelet transfusions by the blinded investigator at each site.

§0ne patient in each group died of hemorrhage; both deaths involved pulmonary
alveolar hemorrhage thought to result from toxicity 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 alarger 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.?62” As a consequence of the lower platelet count incre-
ments in the PCT group, clinical platelet refractoriness occurred
more frequently in patients receiving PCT platelets; 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 platel et
refractoriness and the need for HLA-matched platelets were
uncommon and were similar in both groups. Among platelet
refractory patients, the incidence of LCA was lower in the PCT
group, but platel et-specific alloantibodies were similar. Despite the
lower platelet count increments, the shorter intervals between
platelet transfusions, and the resultant greater number of PCT
platelets transfused, the PCT platel ets were hemostatically equiva-
lent to the control platelets; therefore, differences in these second-
ary end points appear to have little effect on product efficacy and
patient benefit.

Overall, no unusual toxicities or adverse events were associated
with the transfusion of PCT platelets. A companion safety analysis
will be reported separately. Although the proportion of patients
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who experienced atransfusion 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 patients.

Photochemically 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 infectious
risks of blood transfusion, including those associated with emerg-
ing transfusion-transmitted infections.
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Therapeutic efficacy and safety of platelets treated with a photochemical
process for pathogen inactivation: the SPRINT Trial
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if pR <1+ (BRE, &, L&) MR >2+ (P%E) @R
fEE 7> & oD By Hif DEOHIN 1 HH7Z0 2288 1 BB 23ty R > 2
v R <2
S S NA WE I, I, R SRR D
MR
EHs R - BRI NA RergEmiE, BT (B %
M9
IRIzE (e, RERe, OFE, NA R O BRPR BT AR A T AR M ER
RN  H i F HH
R AR % HH 1 NA R B e 3o 72 WO HEB H afn.
(RBEEL H i NA BT =T, FRERIEAL 7 &

DAZEEF 72 X FATERALJE BH
HH i

TJL—F3OHMIFFMHRBMESLELSTHEDOT. I L—F3OFEHEMFKRRICNIBTHERTES

MBERBANRHONDIDET D, JL— FI0HRE@ER (ONS) HiMF, 32 E1—2HEERSY

(CT)

FREBIHABESR MR RF v o TRESWDZLODBERMICEEZETHHMES S, JL—F 4
QOHmE, MTHERRE (EME : \WEAE - [FHRMED 30mHg ZHBZ 5ET) Z#5n. ¥
REEOHMET S, JL—F 4 OHERRHMS. BEIKEHGHEERLLEL0TED. JL—
F 40 CNS Hid, HRERFETEIZZMES NS Hil, HEHVIEMAEE RERIE) T4 5HEEL
Mmé&d b, ERRDRT—IUIE, Miller 5ARE L= WHO Hiln X 7 —JL #12E3<, NAF M7zl
ZERYT 5.

1k RRE D FHEIZS & CERARIRE

DB EN2H % 8 FALO I MAREEIL, Fiz 2 7L Z RN R GRS 2B ML S
To R CRME L7z, ARFfRFICIE, HiLoB T 5 8 FfithnZail, 0 (Hi7e L)
~4 (fmzgiditim) o WHO il b— K (% 2) 245 L7z, IkREED WIEEHED
(. PR R AT 12 BFELNICAT > 7o, € OR O 1 MARBR ORI 1%, HRf /) ki
o> 3 A% E T AT -7z, SaHliRFOMRE M7 L — &, 8 FHlEAL TR bz 7
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L— ROEEfE & Uiz, S oW ool 7' L— K 2 O M2 8 FFh#EAL
DWTHNIRD TG, Y BEIIFET L FRA U MIELTLZ &R D, iz
E. EmIE O 3 HICER 5 cm QBRI M AR ZEATH, @l o
e HHIMBEG LB LN TBEITONTIE, 7 L— K2 OHMORBEFICIEL, A
REBRDFHET L RARA » MTELEZ & EHEEND,

N—F T DI BERNCRIE Uz i/ MR | BRI AT o /M & L TR

72, WAL 1 36 KO 24 Wefd#% o0 i/ MREN R, A L/ MRESIIL O 2241 10 73 ~4 e 3 X
O 10~24 KL ICHIE LT, AR~ OB L MR 2720 0 U U/ EREGFENEHUR
(LCA) M#iix, AMiak CHEMi L, (PRAMREIZT) MIEA 20% B/ Ll & S L
T BEIIBRIL Lo, LCAREB LT M L AC B¢ 28 pRNE (7€ ML o3
EHTHIPUAPE D) M o MR RITE 1 B U7z, SRBRBAAAIRFIS & OB T IRF DR
Rz, EEARRERTHN L7z, LCA REIIIEREN A2 TE 1 2HAL, 7 M Lv
(CBHES DFORGURNME (78 M Lo BT BUAREL) M TS ISR S h T
HEEFAE G E WA (ELISA : Cerus, # U 74V =TMara—R) 8 2fH L,
B D R M ATREBIZ 7 o 7o B iE, HRBRAERIC T, YBE Ok % LCA
B, 7 ML ACBEET 2HEBURME (78 MY LB EBUAEER) B, e b
QN I/ MR R A [FIREB LR O 3238 (2 L7z, CCI (FBAE O RHS 3 X O/ I f. 4% -
7 SO S T R R R O FERRE) V3, e A i N RCE & i BT R D FE LT RS
EfE (m2) A% U772, Wil Sz MO CR3 2 2 Lic kv Rl L7z, 2 FhEkE L7z
/SRR L2 38\ T 1 BRI 0> CCT 23 5 x 1038 % Flal - 7= B 1%, R RIS kA
CHIE Uz, el P ARIREE &, BRERIRIGIREE (CCI A3 2 [ElEifE © 5 x 1038 % T
[l 5 72356) T, ROWTRREO bict & €& LT : LCA (PRAMEIZRIT DX
JSERDS 20% & AT E) . I/MRFEIRESUAE, 7% M VB bUR (7' L
BEE BT BUAPEE)

BFEFLEB I UmMLEIER

AEFEZONEIL, YRR GR 25 7 A OMAEWME TR E TIT1o72, AE
FRB L ORIMEEH OB T, FBEITRO b b EEOER E 7213 #EIzoW
THITE U7 BB X 2 i/ il 2697 2 BOG I, A i 2 6 BRIz 72 v 39l L7,
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7 v ¥ MM L OHEFIE

7' L— K 2 OB LT PCT v MREED R IREEL W H1PETH D & 9 IR G % |
B 173 90% 2 18 2. A7 HEKYE 0.05 THEAIY 2 72 DI REFIEUT, FBRBHAARTIC
HE 300 ] & HEE S AU7-, TRBRERIC & 2 MR 2 1 B80S0 7o B 2 AT o 5] &
Lz, 7 & 2MIERBRR I & 0 @ik Lz,

AR E L CRHRI Lz, FEZ U RRA b (L —R2oHfak L7
BHEOEE) BXOEIRTZY RRAL b 1o (FL—R3 Eid 4oz L-EE
DOENE) (TR 2 B G REE ZET, FANCHUE L7 IESEIRAE (22 12.5%8 L OV 7%)
Z W2 MR E (RRAIRE) 12 X0 it Lo, £ OMOBEIKT > RARA o MEI$ T,
BB ERMT Lz, EET LV RFRA > MZoOWTiE, BREMFHEEZPr - Pr
0.125)/(Var[Pr - Pr]) 2 & L7z [7=72 L, Pri% PCT i/ MIREEICIT 5 7 L— R 2 O &
ke L7ZHBEOEE, PrITHBRAICEIT 57 L— R 2 Otz % Lz BEOEE, Var(Pr-
PRI LHE IR & O HEE L= T 5] 4, BHEOBIS T 5 5 5B 0 H
9% X OB b [ Ui e 2 v,

B ORI, 53 K OB BRI 2 A A T2 BT VO re vz, A
FEHEROHEIZIL, Fisher DEEL W, 7 L— R2OH L33 4ET 2 £ TOWIRMIX
0777 BEIC LD g Ure, iR i $ 5 8Z B T 5 i MR N s 2 O if. F] B
DRIEIZIE, ARRFROENF 38T 2 JH V72 8536, FEMERE 2 FR < T X TORMEHRE & b Ml
BEE L, AEKAEIT0.05 & LT,
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x 3. BEORME

PCT #f£, 318 5

xHHRRE, 327 5l

PRI
BHOHER, %
i,
A4
i PH

16 FATi D LR, %

ERAEAER, %
HA
VAN EY SESPUN
| Z A= =
Z Dt

R REAE . %
B
A 1.
IS A .
Al

B O Bk, %
HZ
[

W S T ER R R
SNk A= IR
18 M A 1 g5
U o oxJE
GRIESITD
TE R AR IR AR

FHAE i KELA D [T N5

Z DAt

ARBRRRFIZWHO 7 L— F20 Ak L

TWEEBEDOEES, %

54

47

7-85
2

91

w w w

20
54

2
76

64
36

29
11
24
3
20
8
5

15.7

51

46

6-75
5

91

w W w

22
55

80

65
35

WIFhoEFEICEALTH P> 0.05 TH-o=2&h B
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® 4. RBROERKN

kE5#
PCT #t. B3k (%) xtHE#E, B3 (%)
318 #l 327 PfE
s 1. 39 ) 5 146l 280 (88) 294 (90) .53
i I 2358 T S 7o 72 B
BT X IR E 8 (2.5) 4(1.2) .26
AR X B H R 10 (3.1) 4(1.2) 11
HEFR 0 (0) 0 (0) —
BHRRHE 1(<1) 1(<1) —
BT 10 (3.1) 15 (4.6) .42
Z DA, 9(2.8 9(2.8 —
&t 38 (11.9) 33 (10.1) .44
/N LS S 2 SRR IR O 238 B 4K 11.8 10.6 .08
% 28 H XV RN /Mg s 5 OB
DIEERK - MERF ST B 210 (66) 230 (70) 27
A O5E T 1 248 (78) 273 (84) .09
— BULLEEKT .
#*5. ZL—F2lUEoHmERLI-BEOES
PCT #%, #i%% (%) »HHR#EE, Bi% (%)
318 # 327 PfgE*
7 L— R20D3T X TOH 186 (58.5) 188 (57.5) <.01%
HMLERNER D 77 L — R20 HIf.
WAPR + AEFH AR H I 104 (32.7) 103 (31.5) 0.80
HERRE « 2 R HH i, 82 (25.8) 65 (19.9) 0.08
{RBEERAT H i 69 (21.7) 65 (19.9) 0.63
H M5 HH 1. 60 (18.9) 63 (19.3) 0.92
R Tl 35 (11.0) 28 (8.6) 0.35
B 4% R HH I 15 (4.7) 18 (5.5) 0.72
AR HH 1. 0 (0.0) 1(0.3) 1.00
R R HA . 0 (0.0) 0 (0.0) —
7 L— R8E 721340+ X T D i 13 (4.1) 20 (6.1) <.01%
— BULLEEKRT S,

*HIMDEENAH D 8 BRI D PIEIL. Fisher DEHEZAWLTHEE L=,

tTL—R20HMERL-2EZFDESICEAL T IELHRAMEO0. 125 & LTI LEHREET o2&
CAH, PCO.01 THoT= (BHEZED A 95%WEREXRE : -1, 0.07), COFEHICKYKRDF PEA 0.05
RBTHHZ LT, POONHBELBRLTELHTHSZ EEERT D,

FUL—FR3FLBFA4DHEMERL-EBEDESICEAL T, ELHRFIE0 07 & LTHLEUREE

To1=&25, PL0.01 THo1= (HREZED A SWEBXAE : -1,

0.013), COFEICIYKRDT= P

fEA0.05 RiETHAHZ &I, PCTHARBELBE L TELMETHSZ EEZBKRT 5.

EES

T A NEE 671 Bl H b RIS K D MmN E LA 1 [BIPL AT
intention-to-treat (ITT) #E[HZ#E5k L7-E3 1% 645 5l (PCT £ 318 5], xfHREE 327 1))
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Th ol ITT T ORGIN & Si7z 26 iR, /IS E O [FAE AT /SR L 22 4

HL Lo loETh o7, YR, Filin, RIERZER, 2l sillaBmiitT oA % (&

3) . & WITABRBALAIF O MK PR A, BAR A LA L O ERERE (7 —
RS 1iE BERZETRO bk o7,

fia MR X OFAAEIM 252 T Lo BF OFIG (BERRTEN LI 89%F L1 81%)
I/ IMRER L & 2 SCRFEEO P (PCT B 11.8 H vs. xtFREE 10.6 H), % 28 H &
O BT /R 2> D OB A ZERL - HEFRF S 72 B OEIE (PCT #f 66% vs. X 70%)
WZIE, BEHMEETRD N7 (K 4),

ARBOEFTEL L KRS b (FL—F20HME R LIZEEOES) (2, ok
TNDH D 8 ELDEEIEIE . EARIEIG 2 M3, PCT B & MFEOMIZAEITA bR
Mmodz (£ 5), BWMMIETIZZL— R 2 Oz kL-EEOHEEIX, PCT # 58.5%I
*f UXTRERE 57.6% Th o7z, BRI 7 L— R 2 O BN AET 2 ETCOHMIZEAL
TiE, ITT EHZ TR L L2hmaich (K 1A, P = 0.78), MBREERIFCZ L— F 2
DMz R L TWRD o T BEFE Efrtge L L2581y (K 1B, P=0.91), PCT #EL
SHRBEDORICH BT bR o2, 7 L— K 2 OHIA%Ae L= 5 B #ut, PCT &
3.2 BIZxt LAIRRE 2.5 BT (P=0.02), FRGIHEEEE S 1 HTHoT,

Mo ZND & DEALCIE L iofE 7 L — R, ZEAEOBENRTL—F
2 Thotle, 77— R 3 EiT 4 oz kL7 BEORG X, PCT B 4.1%. < HRHE 6.1%
T ERhote, Z7L—R3EiF 4otz kLIZEFOFGIZE L TE, HilokZ
N d 5 8FNLDOGFEIEIG . EAAEIS 23, BEHFIICH BERBERZEITRE O b7z
nolz, 7 b— R 3 £72id 4 oA R b S SHE ISR A LI ELIIMt R Th > 72 [PCT
#E 318 i 3 45 (0.9%) vs. XFHEHE 327 15l 6 il (1.8%) 1o

AFRERIE . B 645 FITKE L 4,719 Bl /Mg A3 1T Sz (PCT B 2,678
[, kf R 2,041 [\]) (3% 6), il <72 i/ MREEAZO K (PCT B 91.5%., I A 95.2%)
1. RRBROFEICHE - TR S e (NaBRFEFHEE IS AT 26if) ( “on-protocol
transfusion” )), AERER O 8 ] [ o 2 TR BRI M 5 T I EH 8 G 9 2 Wil D A & ST T R
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DEIEIL, PCT B 68%., xR 85% Th-7- (P<0.01), RBRIEHM G EIZ5HE
i 2 52 72 BB DR (PCT B 53%. xtHAE 59%) 123\ T, EhiahmEI2ia L7
WML EIEE 1 B OATH > 72, #if S 7z iMoo sk, HLA @A /MR 1.5%., 48
ZEWA M/ MR 0.2% . BEEELL T DIM/IME 7.5% . HE RS M/ MiiX 99.8% TH Y . 2D
PERICRERIZEIT A DN o 7o, (BRFOBMRIOMEE L) ABO B3N A3 2 i 2 5
F BB OFIEIL, PCT BENKREEL W b Dcm o7z (78.5% vs. 75.4%, P=0.01),

g I 0D 1L/ N O SRR AT ATV PCT £ 3.4 HIZ%F L % FERE 3.6 H T > 7= (P<0.01),

Y
o>
R
vy

=iy

PCT #t
*EIRRE

7 L— R 2 OMMmARET S ETOWMPRE =8 A, P=0.78

ZU—FR20oHM%ER LIZBEDE S

B H

PCT
Popiiid

7 L—R20MMAEET D ETOMMPRME >31 A, P=0.91

F1L—FR2oHLER LI-BEDE S

RERE

1. JL—F20HnAHERYT 5FE TORMN

(A) ITT&£H (645 61) (TH1TETL—R20HEONHRT 52FETOEM, JL—F20D
HOAHRT 2FTOHAMPRIEF8HTH7= (P=0.78. BT S UIEE), (B) HER
FIARFICHMZR L TWWah of= (JL—K0) BEF G416 I2H1F5T L—F 20
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ARETHFETOHM. T L— 2 OHMAHRY 2F TOHAMPRIEL I BETH 1=

(P=0.91, OJSVIRE).

K 6. FRBRHR o /M EA L3S K UM I B

PCT #, 318 5l xtHR#f. 32741 PIE
iIRANYST i
ARHEEL 2678 2041 —
1 fild> 7= 0 SRl 8.4 6.2 <.001
i/ RER I & 2 SCRAEIERILI A &H72
DRASIEIR 0.74 0.65 <.001
LS =S| 1.9 2.4 <.001
iR I 58, x 101
1Bl &> 7= 0 Sy i/l £ 5 & D B2 3.7 4.0 <.001
/R P 58 A% 3.0 X 101 K% TdH
S OE A, % 20 12 <.01
iy AR 2 Ao 72 B i/ )i fe % 5B oD
R 29.4 24.1 .01
/MR, A 3.4 3.6 <.05
7R Ifn. BR g .
1 il 7= v SFHRIEK 4.8 4.3 .13
i/ RIS 3 2 SCRAEIERI 1 B 720
DL EIE* 0.31 0.30 .53
— BULBLEEKRT S,
* I/ MRERM [ & B AR & (3. AREIC L B M/MREMOFERETE, > REHETEETOE
HEEET S
iB
I WPCT # (2,403 =)
14 <R (1,901 [A])
g
ﬂl 12
2 40
e
ES
1
)
&
&

4244464850

/MR 58 (x 101)

R
g
4
llllllllI |||I|I||l-|

«222242628303234363840 526456586060

®2 Mm/pREmMEEEDSM, M/MREMESEA 3.0 x 10" ERET&H > =#Hmon
&, PCT BEAMBE LR L TEM o= (P<0.01),
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PCT #fi13. Mk oA FHEH (PCT £ 8.4 [7] vs. XFHREE 6.2 71, P<0.001, % 6)
¥ KON/ IR L2 K 2 SCRRRIERI 1 B & 72 0 o i/l i =145 (PCT #£ 0.74 [7] vs. %
HRHE 0.65 [0, P<0.001) 725, XfHREEEL B L TE o7z, 2 b OREH AL, PCT #ED
il 1[50 7= V) SR i R G- B S IREE L 0 D 7edo 72 Z & (PCT BE 3.7 x 101141
vs. XTREEE 4.0 x 10118, P<0.001), F7=. M/ 53 3.0 x 101 {# A Tdb -
T OFNA AR REEL Y EnoToZ L (PCT £ 20% vs. xHFREE 12%, P<0.01, X 2)
2R, HAHRETANOL, M/ i sG55 3.0 x 101 A O 4 1 =2l E52iF
TZBEOEIE T, PCT B 60%2xt L, XA 36% Th o7z (P<0.01), 72743, HERFAYHE
FEIRRE 7 V& O Tl MR L3 G- &2l E L7z & 2 A, PCT B & it B o i/ Sl .
B EDNELOSMAETH, PCT BETIE, B 1 WeEI# oo i MRS FRRE L 0 10.4 x 109
fE/L A 7a v LHEE S (P<0.001) ., B IR I3oa BERE LV 0.4 HEL2 > 72 (P<0.001),
i/ REIERIC B2 AE L 9 22 OfMOBER (FE, BB BuiE, 7 L8 7 Y ool
M728) 81Tl HEREM AT Do To, AR ER R .o [ KO/ R i
2 &2 3FRRIEWIN 1 B & 720 O RM R E B0, BT O ehoTe (R
6),

ROl T FRREIN CH Y (PCT #f 93.5% vs. xHHREE 90.1%, P < 0.01), ZOfh
Oy H L OB E 721 HR EA FH OFTLE & L T OMBERRIL & 272 S/, fmifLaf
DN I VTR 2213 A B2 o 7oy, Wil 1 RefEl#% O MiEE PCT B
DI 72 < (PCT BE 36.5 x 109/L vs. xIHERE 49.56 x 109L, P<0.001). #all 1 K%
B LU 24 K2 D CT 36 L OV CCL & PCT D L3 b ieh ol (R 7).,
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7. M/ LA o /M 30 R O S fE

PCT #, 318 # Xt FRAEE, 327 #

LtiNzD)

/g, x 109/L 15.1 15.2
i 1. 1P R %

M/, x 109/L 36.5% 49.5

/RS, % 109/L 21.4% 34.1

FHAE RS NE . x 108 11.1% 16.0
o 1. 24 [ £

/R, x 109/L 27.9% 36.1

M/ NHRHINEL, X 109/L 13.2% 21.5

il E RS INE, x 108 6.7% 10.1

*xP < 0.001, xTHARE & DELE

i R B 72 L/ AR AR RE 2k U 7= B3 O EIA 1L, PCT BE 21.4%I2xt LxtFREE 7.0%
Thofz (P<0.001, % 8), il 1 K% 0> CCL 2% 5 x 108l Z& T [=]-> 7= i ifn. 23 421 ifi.
BEIZEO L E AT, PCT BB IO TENALEN 27T4%B LT 12.7%TH Y (P <
0.001) . /M M4 58 A% 3.0 x 101 E AN T &b - 7= i if. 23 i f mEUT 5 6d 2 B 1
PCT #¥ 33.4%IZxt Lt HREE 12.3% Th o7z (P<0.001), RFEONETE Y — FiT—ilak
T i 1 FEE#% O CCIL 23 5 x 103 {# % F[a] - 7= #1500 T 2 Bl & & F 572 (PCT
FE 57% vs. XITHRRE 65%)  ikBR5E T Iy £ THRIIRIED Fife L 72 F OIS 13, PCT B 6%.
KRR 9% 2T E e o o, M/ MR AR ISIREED FLE L L7z HLA HUk, i/ Wehts.,
HDHNITE N L UACBET D FEBURIENGR D b s BEOFES X, ITT £ Tk
PCT ¥ 4.7%IZ5xF Lt HREE 3.1% (P=0.31), RIIRAEZ Sk U723 Tl PCT B 22%I2 %t
LXHRRE 44% Th o7 (P=0.06), FISHKEZRLIZEFHED I B, LCA BB Sz
FOEEIT, RREE (39%) B PCTHE (15%) LV @< (P=0.02), /MR 5IA
FEHUARD PEAR SN T B OFIGITIT, BERIZET A S 720y » 72 (PCT BE 12%I2 % L BERE
10%. P=1.00),
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8. /MR AR RAE

PCT ## >t PR A PiHE
ITTSRM., Bk 318 3217 —
RIIRIEZ Sk L= BB DEIE . %* 21.4 7.0 <.001
CCI 78 5 x 103l & Fr] - /=8O EIE . % 27.4 12.7 <.001
RIIREEZ Sk L. #ilkk 68 23 —
AT Y — RNLEOBIEE L= BE D
B4 % 57 65 .63
BRI TR E TRIGIRIETH o T2 HBE D E|
NG 6 9 64
G F AR REF
LCAR X O/ F 7= 1L/ Mz k4 5 [F] 99 44 06
FEPURDEEAE S NTZBEDOEIA. % :
U U REREEMGUANEA S BE
DEL. % 15 39 .02
e [E 3 s £
gd Zﬁﬂ’@ﬁﬁw PEE ST B DE 19 10 1.00
7 ML UACEEET D ERGURESE (T E
ML BEBRBUAREL) B LA 0 0 —
HOEE
— BUBLEEW%T 5,

*RIETEY— F&I(E, 26 2 BIO#Em THm 1 BEEO CCl A5 x 10°EEZ TR~ =158 EEHRT b,
T REFWRIIKE L (. & 2 BO#EMm THEm 1 BRE#O CCI A5 x 10°@ZTE Y. 4&HhDLCA
(PRAREIZHE T B RIGEMN 206 TH - =15HE) . M/MRISH T SREEHE. BX P/ FET7E M
LUICEET HBRMENE (7E ML UEEHRAAEL) AROoNEEEEEERT .

gy ifn @R 2338 42 U 7= i i O FI5 10X, PCT BEASx BEE & Hhik L TIR v o 72
(PCT #¥ 3.0% vs. xI#F 4.4%, P=0.02), ®Wi&E{EHZ Kk L7cEEOFIEIZITEITA
Lotz (PCT BE 16.0% vs. *TIRHE 19.83%., P=0.30), Bl I1EHO K1, FEL,
T JHS EIIRB Th o772, 1 FET R TOBEIC LU LOFEESENRA L (&
9), AEHEGIL 898 8> MedDRA HEAGHIC 21— R &7z 39, FRCEMEEICHAE LA
FFE (1L LT 30% %A 2 BFICHE SNFR) 130 MR, THL K2 U v A
i, FESE UKL, SR, VM. P GTEEE) . RER AR LT ARBRICHRER LTS
BEEATTHSNOAEFFRII B LT, ZHROMIIEBREZERLIZL A, THER
V. HOEDOAEFRIIE L THREFENICABERBERZENED ONR, ThbDZEITR
IRIICEE LT S e o dz, FEMIFNIMIOR T FETH D, /b —F3 £iE4 D
HEHRED Y b, IRREAEEMNEEREO M/ MEm & BN £ TR
PWRIBESD | EHE LZFR, b NCKEAMEESR (FDA) OEEEICET 25
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WA T DA EFFRRICEA LTI, PCT B & XREFOMICEIIZ NIRRT (R 9),
BRI T 28 123 3E T L7z (PCT B 3.5% vs. *FRERE 5.2%) , FERI D KRG D 50
(ISR EDPFFETH T2,

x9. RBREMPCRELLAEFER

PCT #. % XTHREE, %
318 f 327 1 PiE
S ERES 99.7 98.2 12
L — R £7201X IV OFEFESL 78.9 78.6 .92
HERLAEFESY 27.0 24.8 .53
PGB A A E RSt 26.4 29.4 .43
FET=§ 3.5 5.2 .34

*HEERIT, XEENEARFTOLBSHEEE (NCI-CTO) *ZANTI~IVIZFL—FEL, EER
#IFAEESE (MedDRA) ¥ ZALNVTEARFEICI—FELT,

tEELCHETERE. XERAEERRE (FDA) OBEECITIYERLT.

IREICEHETHEEFERE. BEROEABREIEMVERTICTARREIC K HM/Mrnm(c MEES
NREEND] Fl=1F TEIEMMRL EMELE-ERTH S,

§EHIGINAEMICI YT LI, METH ELMBHEMZRLTHY . BIEAMLEICAW-FHRKRE
REDEMNEREEZ Nl

EE

KENZHB T DA MR O EMEER ELTWD, 7225, @iz fEd> U R 7 & alae7ekR
DVERITEDIT S Z ERHENTRO B TR Y . BUaHIWk L ORBEECR OIREIZIZZ
D HENK SN TN D, WL X VAR 2 BGHER 7 3 iCRIE S DI, Zh
5ORFAT T HMELEZFTITEAT L LW TR EH DB, 207 Fu—Fiidugd
IRADD 2, MERANE ENDZAD T A VA flEI KO R 2 %5 & 5 AL
Bfix, MiROLeMZ2dET 227k LTAETH 5,

JEGLMEIR] 23 R AR S AN TIRAE 9~ 2 ATREME AR 728D . PCT /MRS & 2 i ik e
DFPVIIRAMRT D Z LT TE R, ZD72, Fxid PCT ORilLEREIZR 5T
Bigh T <o R o> 1k M BRIk 5 REIC OV TGS LTz, AREBRIT, Z oo
OFRBRE LTI b KRR TH Y | /MO I A R 2 FEx > RRA & LT
P92 & RIS, PCT /Moo B d L OV & 3l 247 - 72, PCT /i & i
/R EfzhRi%, HilolBZnnd 5 8 Ehielk, sz MbFRETH o722 &
25 PCT M/ IMRAERIRINCAHZN Th 2 Z L3R S 7z, PCT M/ IMiEE T, 1Eko
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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
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,

treatment

bleeding, transfusion requirement of red cells and PC, platelet transfusion
interval and adverse transfusion reactions. Compared to 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 PASIII arm (P = 0-034). 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.

Keywords: platelet, buffy-coat, amotosalen/UVA pathogen reduction, 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 -II.
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; Blajchman 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
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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
et al, 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 considered 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-HCI 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 et 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,
autologous 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 IIT (PASIII) (Snyder et al, 2004). Three
randomized controlled trials have been performed using
amotosalen-HCl/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 S-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 aspect 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-
111, Intercept Blood System, Cerus Corporation, Concord, CA,
USA), compared to platelets stored in plasma.

Methods

Study design

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 receive 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 products were produced by the Sanquin Blood Bank. PCs
were prepared from five pooled whole-blood buffy-coats (BC)
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 10 x 10°/1 and >40 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°/1 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, diffuse 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 CCI was
calculated as follows: CCIyy, 1, = [(post-transfusion platelet
count,,,y , — pre-transfusion platelet count (x10°/1)) % 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
analysed 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 45 (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 CCI. 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, and 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 petechiae, 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-
chiae/purpura as well as retinal bleeding with visual impair-
ment was also classified as grade 3. Catastrophic bleeding

Clinical Effectiveness of Amotosalen-HCI/UVA Treated PC

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
parameters, 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 purpose of this study 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 immunological factors in more than 20% of the
transfusions, (ii) Statistically significant more bleeding com-
plications (CTCAE > 2) compared to the Plasma 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 PASIII 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 156 and a
standard deviation of 6:0 were used, based on a previous study

n=295
Not evaluable/eligible
n=17
n=278
nPC =1166
n TRF = 1129
Plasma PAS III PR-PAS III
n=99 n=9%4 n=85
1 TRF = 357 n TRF = 381 7 TRF =391
11 per protocol TRF =292 11 per protocol TRT = 278 11 per protocol TRT = 257

Fig 1. The study randomization scheme, together with evaluable
patients, transfusions and endpoints. n, number of patients, n PC,
number of single platelet concentrates, n TRF, number of PC trans-
fusion events (includes pooled transfusions). Of the 17 non-evaluable
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 CClIs, 1- and 24-h post-
transfusion counts were used as endpoints in regression

Table I. Characteristics of patients and transfusions.

models with as additional covariates besides arm, platelet
dose, pretransfusion 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 as 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 III PR-PAS III

No. of patients 99 94 85
Male/Female 52/47 53/41 47/38
Age, years = SD 54 £ 12 55+ 12 53 £ 12
Body surface area, m*> + SD 193 + 0-22 194 + 0-19 196 + 0-25
Enlarged spleen, N (%)* 10 (10) 5(5) 6 (7)
Diagnosis, N (%)

AML/MDS 42 (42) 52 (55) 44 (52)

ALL 9 (9) 4(4) 3(4)

Lymphoma 22 (22) 14 (15) 18 (21)

Multiple myeloma 22 (22) 21 (22) 17 (20)

Other 4 (4) 3 (3) 3 (4)
Therapy, N (%)

Remission induction 47 (47) 46 (49) 39 (46)

Consolidation 5 (5) 6 (6) 3 (4)

Autologous transplantation 32 (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 (48) 61 (65) 41 (48)
No. of PC transfusion events 357 381 391
Product type according to protocol (%) 292 (82) 278 (73)1 257 (66)F
Multi-dose transfusion (%) 14 (4) 12 (3) 11 (3)
PC transfusion indication, N (%)

Prophylactic, trigger based 304 (85) 334 (88) 327 (84)

Intervention 38 (11) 25 (7) 44 (11)

Treatment of bleeding complication 11 (3) 19 (5) 16 (4)

Unknown 4 (1) 3 (1) 4 (1)
Platelet product content, mean x 10'! + SD 39+ 10 3:6 + 0-87F 34 + 0-8F
Storage time, mean days + SD 40+ 18 38+ 18 40+ 16
Pre transfusion platelet count x 10°/1 + SD 18 + 13 17 £ 13 16 + 11%

Major ABO-incompatibility occurred in only six PC transfusions.
AML, acute myeloid leukaemia; MDS, myelodysplastic syndrome; ALL, acute lymphoblastic leukaemia; RBC, red blood cell; PC, platelet concentrate;

SD, standard deviation.

*Number (%) of evaluable patients and transfusions.

P < 0-001 as compared to plasma.
iP = 004 as compared to plasma.
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Table II. Transfusion response parameters: ITT and according to protocol (PP).

Plasma PAS III PR-PAS 11T

No. of patients 99 94 85
ITT analysis

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 12:8 + 78 116 + 7:6 79 + 539

Mean difference (97-5% CI)* —7% (—26%; 12%) —34% (—52%; —17%)
PP analysis

CCI-1 h, mean + SD 171 + 73 153 + 67 106 + 5:09

Mean diff (97-5% CI)* —10% (=23%; 4%) —36% (—49%; —24%)

CCI-24 h, mean + SD 125 £ 77 117 £ 7:6 68 £ 599

Mean difference (97-5%CI)* —4% (—24%; 16%) —42% (—61%; —23%)
Other response parameters (ITT)

CI-1 h, mean x 10°/1 + SD 34+ 15 29 + 13 20 + 10§

CI-24 h, mean X 10°/1 £ SD 25+ 15 21 £ 13 14 + 10%

PC transfusions/patient, mean + SD 4+2 4+3 5+ 3}

TRF interval (h), mean + SD 81 + 47 77 + 44 61 + 471
Transfusion failure (ITT)

No. of evaluable CCI-1 h 314 340 350

CCI-1 h < 7-5 (%)** 48 (15) 66 (19) 97 (28) ¢

No. of evaluable CCI-24 h 319 343 351

CCI-24 h < 45 (%)** 72 (23) 94 (27) 125 (36)%

The mean corrected count increment (CCI) 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 III and PR-PAS III compared to Plasma derived from mixed model regression analyses.

TP < 005, 1P < 0-01, §P < 0-001, 9P < 0-0001 as compared to plasma.
**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 according 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 a mean difference of 6% and 11% for PASIII-
PC and PR-PASIII-PC as compared to plasma PC, respec-
tively (Table I, P < 0-001).

Platelet transfusion efficacy

All 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
(89:7%) 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-
III-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
PASIII arm and the PRPASIII arm, respectively. Both the
1- and 24-h CCI decreased with longer storage time in all study
groups. However both CCIs were significantly less in PR-
PASIII-PC at each day of storage as compared to plasma PC
(Fig 2A, B). The 1- and 24-h CCIs of PASIII-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 IIT). A number of product- and patient-related covari-
ates were tested for an association with CCls, adjusted for arm
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(Tables IV). Storage time, enlarged spleen and fever were
highly significantly associated with lower CClIs, 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 CCI.

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 =0-034) and higher grade (P = 0-044) bleeding in the
PR-PASIII group (Tables V). Distribution of bleeding sites
was not different between the study groups. Fourteen of the
bleeding patients 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
v-irradiation and the occurrence of bleeding (all grades).
There were no differences between the groups with regard to
number of RBC transfusions received. The mean number of
RBC transfusions in the plasma group was 4 + 3 as compared
to 5+£3 and 4 +3 in the PASII and PR-PASII group,
respectively. Twenty-eight mostly mild transfusion reactions
occurred in 25 patients, without significant differences

(A)

©

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 PASIII arm and,
in the PR-PASIIT 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-PASHI-PCs and PASIII-PCs in terms of increments,
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 endpoints (van
Rhenen et al, 2003; McCullough et al, 2004). Moreover more
patients in the PR-PASIII-PC arm experienced bleeding
complications. As reported previously, both study products
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

B

(D)

Fig 2. Fitted lines from linear regression analyses, restricted to per protocol transfusions. Black, blue and red represent Plasma, PAS III and PR-PAS
III groups, respectively. (A, B) 1- and 24-h CCI 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 CCI 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
193 m?, pre-transfusion platelet count of 12 x 10°/1 and storage time of 4 d. Standard error bars are indicated.
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Table III. Linear regression analysis 1- and 24-h platelet counts.

1-h platelet 24-h platelet

count count

Beta*  P-value Beta P-value
PASIII —-2:29 0-377 179 0-507
PR-PASIII -9:63 0-:001 —-8:95 0-:003
Storage time (d) -1-55 <0001 —124 <0-001
Body surface area (m?) -154 <0001 -101 0002

Transfusion sequence number —0-38 0047  —0-08 0-686
Platelet product content (x10%) 009 <0001 006 <0001
Precount (X109/1 096 <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 1-55 x 10°/1 with each additional day of storage, while an
increase of the content of the platelet product with 1 x 10° results in an
average increase of 0-09 X 10%/1 of the 1-h platelet count. The regres-
sion coefficients for PAS III and PR-PAS III 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.

1-h CCI 24-h CCI

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

Storage time (d) —-0:9 (0-1) <0-00001 —0-9 (0-1) <0-00001

Spleen enlargement -57 (14) <0-00001 —65 (15) <0-00001

Fever —1-7 (0-4) <0-00001 -1-5 (0-4)  0-0003
Steroids 2:6 (1°1) 0:02 10 (1-13) 043
Indication bleeding 1-1 (10) 029 -25 (1-1) 002
Indication Intervention —0-6 (0-8) 0-39 -0'4 (0-8) 064
Age (years) 02 (03) 049 00 (0:3) 097
Sex 11(08) 017 03 (0:8) 076
Prior platelet TRF —1:0 (0-8) 0-22 -1:0 (0-8) 0-24
Prior RBC TRF —0'9 (0-8) 025 -07 (0-8) 042
Prior TRF reactions —2:4 (1'5) 0-12 -0-3 (1:7) 0-84
Infection —0'5 (0'5) 0-33 -0'5 (0-5) 027
Mucosal damage —0-1 (0-5) 0-82 0-1 (0:5) 082
ABO mismatch 02 (04) 068 04 (04) 033
Anti-histamines -16 (1:3) 021 -1-8 (1:3) 016
Anti-coagulation —1-3 (1'3) 031 -2:1(14) 014
Acetaminophen 1.1 (1:3) 0-39 -1-3(1:3) 031

Univariate random effects regression analysis adjusted for arm.

All covariates, with the exception of storage time and patient age, are
no/yes 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,

Clinical Effectiveness of Amotosalen-HCI/UVA Treated PC

Table V. Bleeding, transfusion reactions, infections and serious ad-
verse reactions.

Plasma PAS 11T PR-PAS III
No. of patients 99 94 85
Bleeding after first PC
transfusion
No of patients (%) 19 (19) 14 (15) 27 (32)*
No of episodes 19 16 32
Maximum grade (%)
Grade 1 12(12) 10 (11) 16 (19)
Grade 2 6 (6) 4 (4) 6 (7)
Grade 3 1(1) - 5(6)
Patients with transfusion 11 (11) 8 (9) 6 (7)
reactions, N (%)
No. of transfusion reactions 13 8 7
Severity of events
No or minor morbidity 11 7 6
Moderate morbidity 1 -
Serious morbidity 1 1 -
Patients with infectious 40 (40) 39 (41) 42 (49)
complications, N (%)
Maximum grade (%)
Grade 1 (%) 1 - -
Grade 2 (%) 3 5 6
Grade 3 (%) 30 29 28
Grade 4 (%) 6 4 8
Grade 5 (%) - 1 -
Immunological refractoriness, 2 (2) - 2 (2)
N (%)
SAEs, N 7 3 5
SAE related to PC transfusion 1 1
Death, N 3 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
bleeding episode or more than one infection.

*P = 0-034 as compared to plasma.

+One patient 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. Our results with regard to lower
increments are in agreement with the SPRINT study. The
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discordance with the EuroSPRITE as well as with a large
phase IV trial may be due to the usage of PC stored in PASII
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-PASIIT group experienced more bleeds
and more grade >2 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 2—4 bleeding appeared
significantly higher in the PR-arm, 43% as compared to 34%
in the control arm (P = 0-02) (Snyder et al, 2005). It is
unlikely that the difference in bleeding 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 proportion of platelets, but may also impair
haemostatic capacity (Keuren et al, 2006; Apelseth et al,
2007). We did not find significant differences in transfusion
reactions, as observed in larger trials using PR-PASIII PC
(Osselaer et al, 2008a, b).

This study has some shortcomings

The number of off-protocol transfusions in the PR-PASIII 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-HCl/
UVA probably leads to decreased platelet viability and perhaps
compromises haemostatic function, the primary goal of
platelet transfusions in high risk patients. A comprehensive
survey on the nature and consequences of amotosalen-HCl/
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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Bix, FEBEEHENCOE L Z 06, WiloES JO%4E b, Bl O AT E
& Eo TIX7Z2 572\ (Slichter, 2007; Stroncek & Rebulla, 2007), KF—dh vt
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B i & 2 i BRI E D FEAE Y X 713, &KL LT 25,000 BT 1 [BIOBE THFFE
95 (Goodnough et al, 1999; Kuehnert et al, 2001; Dodd et al, 2002; Blajchman et al,
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al, 2004; Jansen et al, 2004; Picker et al, 2004; Apelseth et al, 2007; Lozano et al, 2007;
van der Meer et al, 2009), L72>L. M/MadiAE-BE ~ORMIZISN T, HILFFFIER
D EAEFD T~ (Slichter et al, 2006), 7FE L U SEEEEFEE T TUVAREK L., 71
Y h—=7TIFULVLIZAC/MEE 5 HERAF# I L7 & Z A, platelet additive
solution ITI (PASIID) A7/ & bz LT, i IMREIGRAA B S | MR F s
B2 & RE T (Snyder et al, 2004), 7 & ML R AA{E T C UVA S L7-
i/ IIRIEHR (PC) Z VW= Z & At AR 1T, 2 E TIC 3 FER STV 5 (van
Rhenen et al, 2003; McCullough et al, 2004; Janetzko et al, 2005), IMAELRITF L7727 7 =
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L—3 A PC xR & L7z S-59 Platelet Recovery in Thrombocytopenia (SPRINT) i
B (645 ) TiX. @ O/ EREEINEAS A B L7ziEns, i MR 23 L. W
I 2hF O E A28 EF- L7- (McCullough et al, 2004), S-59 Platelet Recovery in
Thrombocytopenia in Europe (EuroSPRITE) #tB (103 ) Ti%, #mhfIcBEd 54
TS SN2 oohy, FRBROMREFICIE, MERAF L 72T ¢ —=— bR/
LIS, platelet additive solution IT (PASIT) R:4F L 7= i/INKi 2388 i [H1 5 DR 243 T
M &tz (van Rhenen et al, 2003), $x DiaED 7 ¥ LMEEEKRER (RCT) (2B T
PASII £#7F PC Z i L 7= O E M/ Mg IN% (CCD) 11 iEfR1F PC £V 20% 7
ZEWRENTVSZ L5, EuroSPRITE B TITHE 27508~ A7 STV AlfErE
&% (Kerkhoffs et al, 2006) . 3 {4 H O/MEEGERER (43 #) Tl @il zhi MR T OAE
PEIFBERIRIC &L EF D Z LAURS L. (Janetzko et al, 2005), 2L ORERO S5 H | 1k
MR DH MRS SN BRIT -7z, PR AAHEIM/NMERA 2 EANT 2 BT, BRKD
REFRLOORGFHIMEZ 7T BETEE ST S Z Lk, PR AFRIZET 282 2 R 20
B LEBELRME Th D, Fxld, ZHFRILRE, IFER. 7 ¥ 2MUERRER % FEhi L |
B RO RS T =T v A R —HK PC IO\ T, PR IFLH DA (PASIIL,
Intersol, Fenwal, Inc.. A U /AL —27 XV 7 KE) &, EHEEAITHLTE ML
VHRERYEAFAE T © UVA FRIHC L 0 PR ALER L (PR-PASIII, Intercept Blood System, Cerus
Corporation, 7 U 74 /b=7 = a—F, KE), M/MEIKICKEER 7 HFERGF L
Bt OERR 2R & MAEHRAT PC & bk L7z,

HE
AT VA >

AR OT A AL, HHEIHNS LV M MIRAEZ R L T2, kT & TFRIND
MmEEEEE 2R e LizpimE, 72 afb, EER. ELEMERBRTH- 72, BEIE,
#7 A ENO 8 JFFED MEKEHHR BN b B8k LTz, 1GBREMGIEES L OREEIE, hk
HEEREDIEN, HERNFEEZBRIC Lo ThAR SNz, ARBRIT, Ak EU EHE,
B FAANE RS 23 (International Conference on Harmonization) /£ MR (WHO)
® GCP (ICH-GCP) #4 7 A v BILUONVY U FESITHE - CTENE L7z, sREFE T,
BoEWEN R EEE TS L &b, WREREE=— L, MikEEREEAT
DRENBE (18 5%HE) © 5 H, FRIN D M/ iM%k 2 BILLETh - 7= 2B H %2/
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ARG & UTe, BRAMVEREIT, b FAMEREUR (HLA) BXOE£72i3e b M
(HPA) 12Xt 25Uk &® 5 WITHR R BE R B PR Z AT 5720 7 2 & S/ i i,
W26 L CHEFRINISIRIE CH 296, IR (£7213dX3) P THhL LG, AR~ DX
BRENHLEE L Lz, A7+ —b Rarky SoREH., BRGIE258 LT, M/
i1 % B 449 % AL fE PC &£, PASIII-PC £, PR-PASIII-PC #HC 1:1: 1 O THi
BRI L BRI T v & DMEEATO, IRBRFERFHEEICE - T, R 42 HEICEE 5 o
AR LA AT o 7o, BRERIA I HZ i RES B IE SR Do T AT, TRBRIE G E
ICHEE LW I MM A EE LT b0 & Lz, @@ T LA TR RIS
EoHMIT, BEELITHEEEIC L HAES . IBRPOET I L UE R AR EE
ThoT,

M NREF, BBl OE=5Y 2

/R34~ T, Sanquin Blood Bank THLE &7, PC %[ U ABO Mo 5
Ny T DT —NVAMANT 4 —a— |k (BC) 7 HAEERFIEZ FHWCIREL U, YR K
WAL TS OPIE A AV CENE L7- (van Rhenen et al, 2003; Kerkhoffs et al,
2006), RAFATNICH 7 28I L, ®AF O/ IMREARIE Lz, X To /M Al
O 7L, BacT/Alert 5532 A7 A (BioMerieux, "7 A7)V, A7 %) & Hn
T 7 HEEEE L, BlvMREAIE & SRR L2223 5 20~24°C CTHeR 7 HEIRAF
L7, TEBEDEFEN S > T2 55121%, PC ISy & B L7z,

iR L O RSE MRS EE S < TR AL D TRIRE S, il ois
BT b, fUMEERIOBEISIZE L T, —RIZZTANLNTNDIHA KT A
AR U7z, ol o BV X OVERRAIE, Y E W L2, BT 58, W
M AR\ NZZ IR AE O B I MR ER Z 10 x 109L BL EICHERF T 2720, £z, Zhbo
BE O D BHURRERE 2 3Pt 7 v 7 ) SRR &2 5T TV S F IS i M &
40 x 109L VL EICHERF- 2 7=l i MREsIIL 217 5 £ 2B E Uiz, i of/ Mg b U B —
fEI, HILE £ ITREONEERE (ERIEFRD) . MV B2 V72 s £ 72 13

IR ZER, BEHEZER], HULERIR D T — T L Dk E R K OVNFRiT A2 T 258 12IE, 40
x109L &35 2 L 2R LT, Lz kL CW D Y6, WA (RSN . $k.

LIRS T —F L ORE . KT (MR TR L CDIBRTHR 25 <) 25755
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BralZid, 60 x 109L &% 2 & 2 HESE Uz, i, OVFE AR i 23k LT 2705,
iR TN s K OV T 2 61 T3 2558 121E. 100 x 109L &35 2 & A #ERE L7z,
A L AT /BT, i ECRT (BT AT 6 FRFREILAPN) DOMIENEE L Ui, il 1
o M/ MREUTEIM 10~120 /3% SHIE L, $hiin 24 RFFEER o f/ MBI #m 16~28 ikF
MBICHIE LTz, CCLIFRRUC IV HEH L7z : CClyean = [ o4 /M EK voan — i
AL IREL (x 109/L) ) x REERE (m2) 1/ b-& « 101, A3 e L C i
ATV, W & o B C MR A IE L7gd o oA, oElm & A7z L, 1 [Elo
Wi & U CRENT L7z, FTREZRER YD ABO B —E L7= PC ZfEH L7223, ABO A Vv —F
O~ A F—I A~y TFO PC Bl INTGAE ST —F NP OHERR Lo 7o, /Ml
I 84D E 61, 1-h CCI A% 7.5 A, 24-h CCI 23 4.5 Rl B4 & L7- (Kerkhoffs et al,
2006), FEFAARIRIED EFRIL, ABO B3 —3 Uiz T 2 4 At/ M A3 2 [R]85 %
T, 72k HLA BE O £ 7213 HPA IS84 5 7 u AR EET 258 L LT,

ABRDT PIN1 > P

TIA7Y == RARA L MEI 1-hCCL & Lz, ® o H Y —x 2 RARA » ME, 24-h
CCI, i, #RifEkds & O PC Hifoo 428, PC WilLERIs & O A & Uiz, Bk
WFICIZIR ORI A LR U - MR, AR, Mg, i & 1e P, WHO /X7
—V U ART —H A PUEOAEE, W, FTEEEERIC X D IEE. P, SR i,
JEYYERR B OF M, AR IR ORI Z T8 U7z - dim o Bl (/i b Y 27—,
L, S AD WD) PC DIMER, FEED A #E | jEYe DA # (Common Toxicity Criteria
for AdverseEvent . CTCAE . Version 3
http://ctep.cancer.gov/protocol Development/electronic_applications/docs/ctcaev3. pdf)
(o> TT L— R MEEEORE, 7R b7 I/ 7= AT A RE2i3hie X
5 IO BRE ORI, IR A 52 7o S BRI R OB T T ATV,
BUE Sz 8 LI BT A e A IFiEE CTCAE (2t > CHIZE - fidk - 7L — ROMHL
7= (http://ctep.info.nih.gov/reporting/ctc.html), 7' L— K 1 7T EOHIMmIZ, A
AES RV RN, Z< B0 I E RSN D E Lz, 21— 2 o,
BONROST N (W51, Bexa. KBV ZE HIEEEORNIRM M & ER Lz, 7L—
R 313, ARMEREEIS KO/ I TERRMALZES HEE M & ER LTz, REMEOR
R, SREE, 72 D ONCHRAEE L O MEHM S 7 L — F 3 (2% L7z, BB,
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72 6 DN BV RER F 72 13 S (AR RE i & ] & 2 9% (CNS) HHfix, 7'
— K4 oMM EER L, BOEEOHMIZZ L— R 51208 Lz, X ToOEK I
PRI D TR LT, BRGEFBNE, BRREBIEOSES. 25 WITEEEPFET D
AREMEN BNV EBRREII L M UBRBICEVBO NS AICAa T kLT, M
WHEH T A =2 DIEh, 71 br o B R, IE RS b e v R 77 25 VB &
W7 4 7V 7 A ECHE Uz, HLA 3 £ OV £ 7213 HPA 2435 7 r fiiRix,
J—F  OMIEFRRAE L U CEMRICHRAE Lo b Hiud, HERFICO R L7
EbdHoT,

BRERHFEFFROBPELE L 7 — S LM E=S ) I FERE

AABROHW L, EEZRAESFS (SAE) LiX, T, EMz&rTH55, HHWITE
FH 2 fERIC S B RIREMEDN H DO EFHMRBICE 57, L0 BEELRBRBEZ THIT 57
DITANERIELT5HLDDIFE L RWER EOHPRE L ER LTZ, SAE HEIE. &)
B SN T D 24 IRHEILINICAT O 2 & 2 RBO0 7o, ARBRBAGAATIZ, TNLAYSI O
T REMEE=2Y I EES (DSMB) &ikiE L7, EMATIZ. #if 2 300 BI#&T
L7RIAT ORI Ch o 7o, HERAFFSR (SAE) (37~ T, DSMB 2 Lz, #
BREED BRI P EIEHEII R D 2 o & Uiz« () i E5c o> 20%H T 24-h CCI 8A D (8
V) ERL, ZOFRRBPGREEANRN - Thho e, () HiltEAPHE (CTCAE=2)
OFEAEMEE, M PCRE L e U CREHERICE RICE D> 1254

=195
A A BRI AN R
=17 L
=17
n PC o= 1166
a2 TRF = 1129
Y& PC #f PASIII-PC # PR-PASIII-PC F¥
= o= o=85
i TEF = 257 & THE = 341 i THE = 31
& per pretocs] THE = 247 & peg protceal THE = 2T 7 e protocal TRE = 257

B 1. ARERICEI1TEH5 U F LB FHEREES. BMmMESIUT Y RS Y FOBE, n,
BEH. n PC, M/MRURERDOEMEL. n TRF, PC #mEI1%k (HE#@MmzE 1 B& L
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TEH),

BB 17T HID S5, 4 FlIFH HA K ZR L TLWV-OFERBITHY .

13 BT Mm/MrEmzE 1 B2 G of-, MERBERICEFED NG, ST,

#F 1. BEPR X OO
A PC B PASIII-PC ¢ PR-PASIII-PC Ef
B 99 14l 94 14 85 1l
B4 52/47 53/41 47/38
Flin, % £ SD 54 + 12 55+ 12 53+ 12
R#EmfE, m2+SD  1.93+0.22 1.94+0.19 1.96 £ 0.25
JHRE, N (%) * 10 (10) 5 (5) 6 (7)
ZWr. N (%)
AML/MDS 42 (42) 52 (55) 44 (52)
ALL 9(9) 4 (4) 3(4)
U Nl 22 (22) 14 (15) 18 (21)
2 =il 22 (22) 21 (22) 17 (20)
Z DA, 4 (4) 3(3) 3(4)
BIFE. N (%)
FRE N 47 (47) 46 (49) 39 (46)
i1 [ 6D 5 (5) 6 (6) 3 (4)
H Z 32 (32) 31 (33) 33 (39)
[ Fe A AT 12 (12) 5 (5) 6 (7)
Z D 3(3) 6 (6) 4 (5)
g, N (%)
IR M ER PR SRR 55 (56) 59 (63) 43 (51)
PC 48 (48) 61 (65) 41 (48)
PC i ifn [a1%% 357 381 391
TR Bk S HE #1052 292 (82) 278(73)% 257 (66)+
A9 5 O R A
(%)
oy ElGm (%) 14 (4) 12 (3) 11 (3)
PC Lo s, N
(%)
NY B —fEIZED 304 (85) 334 (88) 327 (84)
< PRS-
N 38 (11) 25 (7) 44 (11)
A PHE OTR 11 (3) 19 (5) 16 (4)
N 4 (1) 3 (1) 4 (1)
i/ A A oD i 3.9+1.0 3.6 0.8+ 3.4+ 0.8+
W, ¥ x 101+
SD
TRAFHAR] . 25 H % 40+1.8 3.8+ 1.8 40+1.6
+SD
s 1L {17 D i/ x 18+ 13 17+13 16+ 11%

1091 + SD
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HE K7 ABO RiESiE. 6HO PCHEIMTRALIZICE Yo7,

AML, 2ME8ME A M, MDS., BREREESEGERE, ALL, &Y o SFEERE AR, PC. i/ MRIEE
. SD. 1ZEHE(R

*ILAM AT RE O DI AR (%)

$P<0.001, IM4E PC #f & Db

1P=0.04, 1A% PC R L DLl

KIL RO T A—2  ITT T L ONABREMEHEE I #E S 5 xREH (PP)

DFEMT
BEK i PC B¢ PASIII-PC Ef PR-PASIII-PC Ef
99 1] 94 13 85 {3l
ITT f##HT
CCI-1h, F¥ £SD 17.1+17.3 15.3+6.5 11.4+5.39
FHEDZE (97.5% CI) * -9% (-22%; 4%)  -31% (-43%; -18%)
CCI-24 h, “F¥ +8D 12.8+ 7.8 11.6+ 7.6 7.9+5.39
EHEDZE (97.5% CI) * 7% (-26%; 2%)  -34% (-52%; -17%)
PP fi##T
CCI-1 h, ¥y £SD 17.1+7.3 15.3+6.7 10.6 + 5.0
FHEDZE (97.5% CI) * -10% (-23%; 4%) -36% (-49%; -24%)
CCI-24 h, ‘¥ +SD 12.5+7.7 11.7+17.6 6.8+ 5.99
SEHEDZE (97.5% CI) * 4% (-24%; 16%) -42% (-61%; -23%)
ZDMDRT A—% (ITT)
CI-1h. ¥ x 109L+ SD 34+ 15 29+ 13 20 + 10§
CI-24 h, ¥¥ x109L+SD  25+15 21+13 14 + 10%
1 & 7= v PC i la%k, V¥ 4+2 4+3 5+ 3%
+SD
i rEIfE (REfE) . ¥ £SD 81 +47 77 + 44 61 + 47+
i M. 125 (ITT)
CCI-1 h OFHl AT REBIEL 314 340 350
CCI-1h 3 7.5 Kl OFIE (%) 48 (15) 66 (19) 97 (28)9
*%
CCI-24 h OFFAfi n] RERTI %X 319 343 351
CCI-24 h 78 4.5 RiopFl%k 72 (23) 94 (27) 125 (36)%
(%) *%

MM/ MRE % (CCD 6 X O/ IMREE gL (CD) OFEHEIL, & BEF O2dimlZis1F 5 CCUCI FHy
HOFEFE & UTHR L,

ITT. intention-to-treat, PP, per protocol

* PASIII-PC #f35 L O PR-PASIII-PC #E DO EHMEO ME PCREE DL . £ D 9T.5%FH XL, IRATE
TNEROWTZEYRSHTIZ LV Rz,

tP<0.05, £P<0.01, §P<0.001, TP<0.0001 (f4E PC # & D Lti)

R AE CCLEIZ E D 5EIE (%)

B DEH B L DA
AEER T A IFEL PERER & L CE il L. PR-PASIIT-PC #Eds L O PASIII-PC #2317 5
#IfFD 1-h CCI Z 14 PC A% & bl L7z, #EBREEAIMAE PCREL VB THD Z L DE
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#IX. 1-h CCI Pl M PCREL D 20% 2L EIKWEA & LTz, i@ EO#ER (Kerkhoffs
et al, 2006) (ZF-25 % [ 1-h CCI *FHMHEIZIT 15.6 AEHERZEI21E 6.0 2 V7=, # 1 77 90%,

BKYE (o) 0.025 (ZHEIRE) ZHERT 572D B2 BE UL, 18 100 il Th -7z,
Sy ElGm S Aacik, A &z PC OAFHI/INRE NI Uiz, 2y &g o
2B 1EITY, BT oS 138725 PCRAZMEH L2GAITIE, IR FEmFT
BEED D OBML & 2 7p LTz, &G O%EI2iE. PC ONFHRFHIM 2 RAFHE & LT
R, Bef&lEl oo PC i 1 BRef#e 3 £ O 24 BRI O M/ MCECE AT I 2, ARRRBR O
TANEEEEE A L, BEHY ORISR D LA RITICED i, B
B LM EE A Z R & U THASAALTZIREGERET V2 HWTT — & Z it LT,
CCI ®iZA>, #ain 1 REfEfR IS KO 24 W O /M A [ERE T VO RARA b &
LTHW, ZofiodtZEg& e LT, B, /MG, g Moics K OvEs
DiEFHEFEAZMEAIAAT (Davis et al, 1999), 7 —# @ intention to treat (ITT) fi#dTIs
J Wt per protocol (PP) it 24T o7z, LZRMEFMT 572, HilLMER I L OEIEH
DFEREEGT LIS LTz, BEORMED 5B B 7 Y —ZROREM LI Pearson
DA 2 FRRE LM U, NEFEEE 72108 A ORI ELi 2 1E Kruskal-Wallis #E
Rz, (REHIRE & i RS & O CCT o BIfRIE, [BlRE 7 VISR % 325 &
ELUTHAAT Z LIC K VR LTz, ERRo BE R & i R O BRI, BUFET LIC
TN DR IR L U THAAT Z &I L0l L7, T X TOHFEHENT X STATA
RWTHER Lz, PED 0.05 KiGOHEICHE & HE LT,

FER
BFE I X O/ Mg

AFRERA~D BB ERIT 2007 4 3 AICBHS L7z, PR-PASIII-PC RE~DEEBEKIL, [
#ED CCI A ML PCAE & VK< (P<0.0001) i AR H > 72 Z & 225 (P=0.045)
2009 4E 1 A £ TIZ 92 fil& %8k L 7=, DSMB OBk 0 Hik Lz, 4 PC B L O
PASIII-PC #f~D A& B EKIT 2009 45 AT T L, 51295 1% 7 v Z ALz, 95 17
BULFHIAREH] T o 72728, FHEATReFIEET 278 B, #ifla1 %X 1,129 R Th - 7= (X
Do WBREEOBERFEC, AEEIRD LR o72 (R D, 0T O e E
& LW PC o [=4035E 302 [81 (27%) T, % OBEEITMmghBREE 2 A PC #E
LV @mrole, IMRERFEFEISES LRVERN PC O 95 5, 85%(3 PASII {7 PC, 15%
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IZIMIERAE PC Th o 7=, #EERRAIh ol MR EGTIMESRFE PC &l LT <,
PASIII-PC # & U PR-PASIII-PC O EHE O ifERAE PC & OEIX, T 6% L
11%Th-o7= (I, P<0.001),

i/ L DA %h P

TNTOADEMT & ITT $E3 LOPPIAICTHEM L7-, 1-h CCI X1 24-h CCI 7%
A AT RE T H o B AT, R 1,004 B (88.9%) 3L 1,013 [\ (89.7%) T
&olz, CCI-1/24 h BFHlRRE & 7e o 72 Bl I, il % f/ M DO RIE R D HTH Y |
ZO LD KB EI LT, BBREER. & 2 % PP i & 1G5 M A L
WL OB B A SR o To, B R0 /8T A — 4233 _C, PR-PASII-PC
WEVETHDH Z & &R LT, PASII-PC #f & i fE PC #EOM CIE, #l b F A B 21T
Lol (RID, RIS 6 BB XN T HThH o7 PC OFEIGIZITHEMZIZA S
M| i PCRE, PASIII-PC #£35 L O PR-PASIII-PC Bl S 7= PC O Z 1127 24%.,
21%3 KTV 26%I2HHY LTz, WTILOHEERIEICH TS, 1-h CCL, 24-h CCI & & RfEH]
BINEL RDIZONTEF Lz, LavL, &RIFEHEICHT 5 CCI ik, PR-PASII-PC
BEAMMAE PC BEL W ARICIKD > 72 (K 2A, B), PASIII-PC A & fufE PC #£ 0 1-h CCI
BEU 24-h CCLIZ, RAFWI 7 A ETHEEZ RS R o7, il 1 Kl LU 24
IR O /MR A R R8T LT & 2 A, PR OIM/IMRENC FH B IE KR 72 s 2 4 7R
L7z (M 2C, D, # III), #HIREHE L OEHBHO W D20 488 E CCT Bk
X, BECBET DAERIC T L RIV), TRAFEWIR. s JOUEENT. CCTARMA & A7
EVEOEWEEMEZ R LTc—0, A7 v A FAi#&51E 1-h CCI @i, Hil 2 @S & 4 2 i
113 24-h CCT {&fE & BN 2R LTz,

HifLds & OV DA D ERERAY & HHE

el B AR LARE . SRERHA R HIZEED B AL BB LB 60 BIllCF A L7-EE 67 1
(CTCAE 7' L— K 1~3) T, PR-PASIII-PC B CI3FAEMHE (P=0.034) BLOT L—
R (P=0.044) DNEEICEPoTZ (V). HMEAL O30 ITPERIER TRITRD b
otz HIMEHCHEEERET Th - 72 HlnpiliE 14 FT. ZOFEIS IR ZITRD 6
Niginolz, 7'v b= — WIEHRO B IS BEEMED H L& FHEIFRE O B 7273,
PR-PASIII-PC o 1 #iliZ, 7'm b = —/Wipg PR RICEHZEAN M L VBT L, /b

126



Wi b-g, RIS L OIS & il (&7 b — F) BAEOMIZBIEMEILA B 720
5 7o, FRILERER MBI B U CRERI ZEIZ A B3, SR SE PC #E 4 + 3 [T L,
PASIII-PC #£# X OV PR-PASIIT-PC #fix TN 5 £ 3EIFB L4 £ 3[ETh o7z, BHF
25 BN FAE Lol @ ER 28 MRIZ RS BRE T, AEARMMETAbNRhoTe (£
V). Bk LU SAE OFARICHEM AT A bR o T2, SAE © 5 5 PC il {2 B3
L0 LRV EHESNI-DIF 34T, BAEMFRIIFH 1 Tho7T, MIE PCHD 1
BN X DB MR JE OG54 L. PASIIT-PC # C i i B S e s & & 2 b1
DIEFIDS 1 s S vz, £ 72 PR-PASIIT-PC #£D 1 FllC i 2k P AKIE SR AR L7225,
e AZ I VEBIORT B A RIZKDIEEBPEL LT,

4% PC #f

PASIII-PC F
PASIII-PC Ff
14 PC ##

PR-PASIII-PC #£

PR-PASIII-PC #f

B, 1 BRI OO AR I s R AR
i 24 R 00 4l 1F i/ S I ER

TRAEHI (H) PRAFIIR (H)

Mm#E PC #f

PASIII-PC f 14 PC #

PR-PASIII-PC #£ PASIII-PC ##

g, 1 MER B2 0D ifiL/ RS N $
i 24 MERT# O L/ MERIINE

PR-PASIII-PC #£

A o /MRS S5 o> s OB

2. BERERIEEICESY S PC DEMMOAZHETXR (PP) & LI-BEEIESHFH
LRLONERER. BRE. BESIUVRRIEIENEN, MEEPCE. PASIII-PCEELV
PR-PASITI-PC#ZRY . (A, B) 3 5RIZH1T5 1-h CCl LU 24-h CCl REHAMD
Bk, RHEEEEZD BWMEBERME S VEMEIRZRY ., ERIE. SO Cl EREH
FIARIERICH D EREL-RRERTH S, (C. D) KREE 1.93 m*, AT/ MR

10
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12 x 10° /L 0BEFIREFHH 4 BOPC 8 L =550, 3IREHITH TS 1 B
& E & U 24 BEEOM/MMRIZNE & PCEBFIP O M/MRBOBEHER. T5—/\—(F4EF

R IL i 1 e F IO 24 R O 1/ MREUZ B4 2 SO RG24

i 1. 1B P % D af./IERER s . 24 K ] £2 O if MR K

B* PfE B PfE
PASIII -2.29 0.377 1.79 0.507
PR-PASIII -9.63 0.001 -8.95 0.003
PRAFHIM (B) -1.55 <0.001 -1.24 <0.001
RFEREE (m2) -15.4 <0.001 -10.1 0.002
s ek (B1H) -0.38 0.047 -0.08 0.686
/R o ML (<109 0.09 <0.001 0.06 <0.001
i 1L 77 /R CEL (x109/L) 0.96 <0.001 0.96 <0.001

*B o [ARERER, BREEZLBHE, fim 1 R o/ Mk 2 BI O3 FIH) B X O 24 FERIE o1
IMEE (A B X OBFIH) 2tEES E U THAAATESZEBERIBEIG DT, [T T WA TR T
Z 1HEIORT, IRRBOHEM/EZBOINI AT, [BIRREIE, YK+ OHEANELdH Tz ) OFBOH
SEFHET A LD TH D, HlziE, RFEHENS 1 AR 25 Z L1, Bl 1 REF % o f/ Mg E#) 1.55
x 109L B4 5 —F . /MR EHI B o i/ MRS 1 x 109 N4 2 2 &1z, #if 1 BRI ol MRS
S5 0.09 x 109/L ¥ihn94- %, PASIII 36 & U8 PR-PASIIT O REVFREIE, Wil M MR 3 o S & il 4
PCHELEDEERLIZHDTH S,

FIV. HEEL 1-h CCI B LW 24-h CCI DRRE (BEICEE T A MIEZIZOHT)

1-h CCI 24-h CCI
p* (SE) P B (SE) Pl

RAHIM (B) -0.9 (0.1) <0.00001 -0.9 (0.1) <0.00001
JJEL e -5.7 (1.4) <0.00001 -6.5 (1.5) <0.00001
FEEL -1.7 (0.4) <0.00001 -1.5(0.4) 0.0003
27a4 R 2.6 (1.1) 0.02 1.0 (1.3) 0.43
I %3 s & 3 2 i 1.1 (1.0) 0.29 -2.5(1.1) 0.02
IANZ G E T Hlgm -0.6 (0.8) 0.39 -0.4 (0.8) 0.64
Flin (%) 0.2 (0.3) 0.49 0.0 (0.3) 0.97
eall 1.1 (0.8) 0.17 0.3 (0.8 0.76
i/ )R L o BEAE -1.0 (0.8) 0.22 -1.0 (0.8) 0.24
R ERE R i OBE  -0.9 (0.8) 0.25 -0.7 (0.8) 0.42
E
i . @14 FH O BETE -2.4 (1.5) 0.12 -0.3 (1.7) 0.84
J Yy -0.5 (0.5) 0.33 -0.5 (0.5) 0.27
Hh s -0.1 (0.5) 0.82 0.1 (0.5) 0.82
ABO & 0.2 (0.4) 0.68 0.4 (0.4) 0.33
e A& 3 3K -1.6 (1.3) 0.21 -1.8 (1.3) 0.16
PR [E 3K -1.3(1.3) 0.31 -2.1(1.4) 0.14
TR T 2 1.1 (1.3) 0.39 -1.3(1.3) 0.31

FEICPE9 DA IER DR BN RTE T /1T L D A RRIF T
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RIS L OFIR 2 PR < N TORLRIT, T8 £72i3 TH) TRShLHIERTH D,
SE, #EHERE, B* : [UREREL

RV, M, wim R, e L OEERRIEN

BEK i PC #% PASIII-PC B PR-PASIII-PC R
99 {3l 94 {3 85 1]

][] P Cig afn. LARS: 0> HA 1.
BEH (%) 19 (19) 14 (15) 27 (32)*
TR 19 16 32
a7 L—FR (%)

71—FR1 12 (12) 10 (11) 16 (19)
JL—F2 6 (6) 4 (4) 6 (7)
71 —FR3 1(D) - 5 (6)
i EEH oA REER. N (%) 1111 8(9) 6 (7)
i L 80 4 P 0D 8 A 5 13 8 7
FEROEIEE

72 UE I E 11 7 6
2 1 - 1
A 1 1 -
JBYIEZAPF L TV D HEE. N 40 (40) 39 (41) 42 (49)
(%)
e 7 L—FR (%)

T1L—R1 (%) 1 - -
J1L—FR2 (%) 3 5 6

7 1L—R3 (%) 30 29 28
71— F4 (%) 6 4 8
L —FK5 (%) - 1 —
HEFIARISIREE, N (%) 2(2) - 2(2)
SAE. N 7 3 5
PC faif i B9~ % SAE 1 1 1
L., N 3% 1 3

FNRTEE IR, Bl LM EE S (%) Th D, Ml E 23R 7 L — REHMEZE LTk, i
F IR 1 BNCHEREIR A LA, YHBEORKE S L— REHEHAT 5,
*P=0.034 (ifL3E PC BE & D)

FifE PC B2 1 Hlik, &MEE (5 EH) ok, EE2AESRS (SAE) OWMER LI Lz, 3E
RN B ORI I BET 2 & BB IR s Z oA Sh, BEIBULEICRERT 3 L& 2 bhis,

EE

21X, /R E O MR RS B A BRI T IR LI A2 5 L LT,
PR-PASIII-PC ¥ & O PASIIT-PC O Rz, M/ MOEIS, i fEs), PC #HE &,
i AR, s AR, A EAR ISR LT R E PC & et L7, AREBR Tl
PR-PASIII-PC 23 gh R EEDO 2T KR A > M L THEZRT E W I RIS D
N3, ZOfEFIT SPRINT Bk & —8§ %  EuroSPRITE ik & 1IZE 25 LD TH -
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7= (van Rhenen et al, 2003; McCullough et al, 2004), & 52, PR-PASIII-PC #i%, H
MM PHE DI LB BN Lo 7o, BEHO & 912, WAl d oo /Ml 3.
Bl TR T/ MR 2 720 IR L0 D72 hvo 72 (McCullough et al, 2004;
Kerkhoffs et al, 2006; Murphy et al, 2006; Pineda et al, 2006) , CCI TiL L/ Mx#%5- 8D
BERZED HICHIE SNV EE X Bz, BGRE, RIAI T/ MRS & O EI
i L UC, il i/ MR OBIB IR 38 4 FEki L7z & Z A, PR-PASIIT-PC 13X°
X VAN L7258 % R L= (Davis et al, 1999). #JEEIR0HT 2 W7o HEE TiE,
PR-PASII-PC % AW TR PC & A% M/ MO A 155 72 1ix, 51 i)
WA %) 200 x 1098 (F72bb, N7 4 —a— M3 HALy) WINSE50ENH D
LEZ BN, RAFHIR & W CCI OBRIIIRAFHIM D 1 AER Z &2 CCIL 8 —E DAL
L2 EnD, 20O PRIETCOMHERZICAEFM/IBE N —EERHLEZR L, £D%,
B E TR S T /MR D IEF IR HRNAE T D Z EDNRE S LD, PASIT-PC O h i,
TRAEHI 7 B TIRIESRAFE PC LR EOK F 2R L, HIIMMAERIC & 2135 5 7220
ST, M/MREINE D A UTe &9 ARBROFERIL, SPRINT Bk & —& 356D ThH
%, EuroSPRITE ifids L OKRHIEE IV MR & R DR RS ONTEBIL, b
OFRERTiE, SREEOK LU PASIT (7 PC AMEM S 72 Z LT X D | xFHREFOR R
WIT L7 Z 12d D EH x Btz (van Rhenen et al, 2003; Osselaer et al, 2009) ,

PR-PASIIT-PC B Tid, o> 2 BEWFh &l L TH, HmBEFKB IO L—F 2
LB g D 2 7o 7=, EuroSPRITE 55k 36 X O TN S 7= oo L 0 /i
1572 7 2 MUEBRAGER Tl i MEEIRIC B3 2 9B 2213 S e o 72 (van
Rhenen et al, 2003; Janetzko et al, 2005), L7>L. SPRINT sXBt4 DM E i,
7 L— R 2~4 O AL PR BET 43% &, xHREE 34% L 0 AEICE W & &
7z (P=0.02) (Snyderetal, 2005), HiMEEHHEICET 272E1%, /MR G-E&23 D7
7o DT L% L/ MEEL D & — 7 EME L 72 o 72 Z L 20 TIEEADB D n B2 b b,
PR ALEE PC T 4 1/8 DM/ MEDSEERE L TV e dvo 72 EHEE 405 03, /M G- & 1%,
VTR STl M G- &2 BT 23R 0D &R~ EEICILRT 250 THY | [H
RER D MM G- EO &, TEER, KRERM CHIEEOHEICET 2 2T~ bR
72> 7- (Slichter et al, 2010), PRICEAIM/IMEKI F 22> R U TEERBOREEFIL, f/MRO
RO ST, LR BK N S 2 Rt 6 % (Keuren et al, 2006; Apelseth et
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al, 2007), PR-PASIII-PC % 7= KBIFEER CiX, WimEER AR EZZ2RBO 7N
(Osselaer et al, 2008a, b) . A&l ClIfER S 72 no Tz,

FHBIZIZ S DT+ R S

PR-PASII-PC BEIZF W CIRBREMFHE IS A LW oI, ARBRICE 5T
BRZ2HIKEEZ BT, L, ITT. PP WENT O#RD B 1T, REROREGR A 54T
W5, RRBRPIEEMRT A v TholoZ b HMLOFHIIZNA 7 ADVE Ul aREtE %
FERICHERTERWA, ABROEFET  RARA b (IIMRED) (I3 2 KIF S22
SlEFEZbND,

Uz &b, PRAIBICITASLZRFERH Y | iR eMEzm LI 57201k
PR EOBERABEE L NE WS EERH D OO, AkBRORRIL, RNz L—F 72
FiEE L CEATORNCHMENMLETHL Z L 2R LTS, 7F MU U ERBIEAE
TToO UVA BEICE 2D PR TRITIRZ L, M/IMUEFREEKTESEL L LI, &Y
A7 BENRT D /Wil o =2 ) Th 5 1L MR AT S 2 TRtk @y, 7%F
N L U HEREAFAE T T UVA BREHT K 2 M/ IMBEE A L —F - Ol 3E BB\ W T &
DEIAMETE 202 B RT 5 720121%, EEOHE & B2 O ERICRA T 50BN
H D,
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