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BACKGROUND: Inactivation of pathogens and white
blood cells.in platelet (PLT) components with amo-
tosalen and UVA light (INTERCEPT, Cerus Europe BV)
has entered clinical practice in European blood centers.

terize the safety profile of this new. PLT component in a
broad patient population.
STUDY DESIGN AND METHODS: Apheresis or buffy-
coat PLT components were leukoreduced, suspended
in approximately 35 percent plasma and 65 percent PLT
additive solution, and treated with fhie INTERCEPT
process. Blood centers were requested to complete a
safety data form after each transfusion, .’
RESULTS: Data for 5106 INTERCEPT components
administered to 651 patients were monitored. A total of
5051 (98.9%) transfusions and 609 (93.5%) patients
had no reported reactions. Fifty-five (1.1%) transfusions
were associated with adverse events, and 42 (0.8%)
were possibly, probably, or related to the PLT transfu-
slon. Adverse events occurred in 42 (6.4%) patients,
but in only 32.(4.9%) patients was a causal relationship
16 PLT transfusion established. One reaction was~
serious, and no deaths were related to PLT transfusion.
Among the transfusions reactions, the most frequent
clinical events in descending frequency were chills,
fever, dermatologic reactions, dyspnea, nausea or vom-
- ing, and hypotension, No episodes of transfusion-
related acute lung injury were reported.
CONCLUSIONS: In this cohort study, 99.2 percent of
transfusions were without reactions attributed to PLTs.
INTERCEPT PLTs exhibited a safety profile similar
1o that previously reporied for conventionat PLT
components.

A prospective cohort study was implemented to' charac- )

n late 2002 a photochemical treatment (PCT)
process (INTERCEPT Blood Systems, Cerus Europe
BV, Leusden, Netherlands) for inactivation of patho-
gens and white blood cells that may contaminate
platelet (PLT) components received CE Mark registration
and beécame available for routine use within certain Euro-
pean countries, During the clinical development of this

technology, randomized controlled trials were conducted

in selected patient populations frequently supported with
PLT transfusions during periods. of thrombocytopenia.'?
By necessity for conduct of the clinical trials, these studies
primarily enrolled patients with hematology-oncology
disorders. The trials focused on posttransfusion PLT count
increments' and on assessments of hemostatic efficacy in

ABBREVIATIONS: DSMB = data and safety monitoring board
HPC(s) = hemovigilance plan coordinator(s);
PCT = photochemical treatment.
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patients with relatively stable thrombocytopenia requir-
ing repeated PLT transfusions.? Based on the design of
these ¢linical trials, the number of patients studied was
determined by the statistical power required to assess the
primary endpoints. In the European trial of whole blood-
derived buffy-coat PLT components, 52 patients received
311 PCT PLT component transfusions. To assess hemo-
static efficacy, a larger study was conducted in the United
States in which 318 patients received 2678 PCT PLT com-
ponent transfusions. In both studies patients were
assessed specifically for acute transfusion reactions for
6 hours after study transfusions and for other adverse
events for either 7¢°or 28 days' after the last study PLT
transfusion. In both studies the incidence of acute trans-
fusion reactions after receipt of photochemically treated
PLTs was low, and the safety profile was similar to that of
conventional PLTs.}

In general, prospective studies regarding the safety of
PLT transfusion have been limited. The largest prospective
PLT transfusion study before the SPRINT study?* was the
TRAP study of PLT alloimmunization, which enrolled 533
patients treated with 6379 transfusions, but this study did
not specifically examine safety.* After CE Mark registration
of the INTERCEPT system, an observational cohort safety
study was imiplemented to prospectively collect informa-
tion on at least 5000 PLT transfusions to extend the safety
profile of PLT components prepared with PCT adminis-
tered to a broad patient population.

MATERIALS AND METHODS

General study deslgn

Blood transfusion centers with the INTERCEPT Blood
System for PLTs.for routine producuon of PLT compo-
nents were invited to participate in this study. Patients in
clinical care institutions who received PLTs prepared with

.PCT were specifically monitored for adverse health effects

for 24 hours after each transfusion; however, there was no
time limitation on reporting adverse events after transfu-
sion. The sole inclusion criterion for enrollment was
receipt of at least one PLT component prepared with PCT.
Patients who received PLT transfusions administered in an
outpatient clinic were observed for approximately 6 hours
after transfusion and assessed before discharge. Study
personnel contacted outpatient transfusion recipients the
following day to complete the assessment with the stan-
dard data record form. There were no other inclusion

"or exclusion criteria. Patients in this study received only

PLT components prepared with pathogen inactivation
treatment.

The study. was de51gned as a . prospective, smgle
cohort observational study to be consistent with Euro-
pean Hemovigilance Network recommendations for sur-
veillance of adveérse reactions to transfusion of labile

blood components and with those of national transfusion

1062 TRANSFUSION Volume.48, June 2008

services.5¢ Study centers transfusing PLT components pre-
pared with PCT for pathogen inactivation (INTERCEPT
Blood System for Platelets) in routine clinical practice
were requested to complete a report for each PLT trans-
fusion regardless: of whether or not an adverse event
occurred following transfusion. Transfusions associated
with serious adverse events were reported in greater
detail. Patients were assigned a center specific study
number to preserve anonymity.

Conduct of the study

In each study center blood transfusion service, hernovigi-
lance plan coordinators (HPCs) were designated as
responsible persons for the conduct of the hemovigilance
plan and coordinated all the related activities on site.
These HPCs, with expertise in transfusion medicine, were
responsible for oversight of data collection, ensuring data
completion, reviewing assessments for relation to PLT
transfusion, and completion of reporting information on
any adverse event after PLT transfusion regardless of
potential relation to the transfusion.

Before initiation of the study, clinical care personnel

were trained to the study protocol and the specific form for
data collection, For each study PLT component issued for
transfusion, a specific transfusion report form was issued
with the PLT component (Fig. 1), This form was completed

. by the primary care physician ard returned to the HPC in

the blood center. The primary care attending physician was
responsible for assessing the relation of adverse events to
the PLT transfusion. The HPC reviewed the completed
forms and contacted the primary care physician if data
were incomplete or assessments of relation did not match
the reported clinical data. The HPC had access to patient
medical care records to query transfusion reports. The ulti-
mate decision for assessment of the relation of adverse
events to the PLT transfusion was the responsibility of the
primary treating physician. HPCs were charged with popu-
lating the database, by completing electronic data entry. In
centerswhere electronic data entry was not possible, paper
forms were submitted and a sponsor representative popu-
lated the database. The active HPCs were Dr P. Accorsi,
Pescara ltaly (Site 02); Dr J.L. Bueno, Madrid Red Cross,

Spain (Site 04); Dr A, Espinosa, Trondheim, Norway
. (Site 03); DrT. Hervig, Bergen, Norway (Site 08); and Dr].C.

Osselaer, Mont Godinne, Belgium (Site 01).

A data and safety monitoring board (DSMB) was con-
stituted to review the study protocol and provide oversight
of the study. The DSMB reviewed an interim analysis of the
data after 2500 transfusions and the final report after 5106
transfusions.

Study report forms
The report form used for this study was developed on the

basis of hemovigilance report forms already in use and
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PLATELET TRANSFUSION REPORT

INTERCEPT Platelet Characteristics and Transfuslon
Type: Characteristics: R
\p platelets Leucodepleted O Imadiated o

u
=}

Random-donor platelets

Plasma depleted Q Other, specify - 0

Antigen matched [

Patient
Age: Sex:FO MO
Hospital name and city :
Location: Surgical D Medical O CUQ .
Outpatient @ _Other
Reporting
Reporting date :

Product id #:

Repor(er.name:

Date and time.of transfusion :

Blood Bankid  #:

Did the patient experi

any acute

tr

within 24 hours after transfusion ?

OSSELAER ET AL.

DELAYED . TRANSFUSION REACTION REPORT

* Patient

Hospital néme and city :

Age: B sex:FQ MO

Location:
Qutpatient O Other

Surgical 0. Medical O ICUQ

Reporting
Reporting date :
Reporter name:

Signature; _

£ 43,

Start date of the delayed trar

Suspected or confirmed diagnosis

Yes D No D if no, stop here
If yes : Start date and time of adverse reaction:
Causal relati o Grade

Q Unrelated 0Q Isolated dysfunctlon without clinical or bleloglcal mamfss(atlon

a Probably Unrelated 10 iate or long-term if g

Q Possibly Related 20 Long- tarm life-threatening -

o Probably Related 30 immediate life-threatening

Q Related 40 Death

Symptoms / Signs
Faver O | Utticaria Q Dyspnea Q | Shock Q
Chi[ls Qi Skin rash D Nausea/vomiting B | Platelet refractoriness Q
Cardiac arthythmia_ Q3 | Jaundice Lower back pain Q_[.TRALI g ]

[ Hypotension O |"Pyimonary cedema D Chest / abdominal Other Q

Jtching Q| Bronchospasm pain =] Specify:

Clinical signs

Parameters Before tr | After transfusion

Temperature ) . °C 2 No . °C O Np

Blood pressure - mmHg O ND C. mmHg L ND
_‘S\lglnllrjnm:mhr\

Pulse per min Q ND per min O no

Transfusion-related laboratory abnormalities

Parameters (specify) Date Value 1 Unit
Bacteriological assessments
0 Negative or O Positive
Blood culture Q| Date If positive, strain:
O Negative or. U Positive
Platelet cuiture O | Date If positive, strain: .
Conclusion/D Is/Additional inations (e.9. X-Ray, ...)

Please keep a copy of this report in
Reaction Report” if any delayed tral

the patient file and do not forget to

nsfusion reaction occurs (e.g. GVHD, ..)

a “Delayed Transfusion

Fig. 1, Case report form for reporting resp

to PLT transf and classification of ad

events after
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Products transfused that can be related to this event (by decreasing imputabllity order)

. Type of product
(RBC/SDP platelets/random
donor plalalelslplasma/omgr)

Product number

Date of transfuslon Blood bank iD

Comments

Pleéss keep-a copy of this report in the patient file

Fig. 1. Continued.
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was reviewed by the DSMB before utilization (Fig. 1).
Information was collected in several specific categories:
patient demographics, PLT component characteristics,
transfusion time, transfusion-related events, documenta-
tion of adverse events, causal relation, severity, symp-
toms, clinical findings, and laboratory data. For each
transfusion the following signs, symptoms, and. specific
clinical syndromes were evaluated with a checklist
format: fever, chills, cardiac arrhythmia, hypotension
and/or hypertension, itching, urticaria, skin rash, jaun-
dice, pulmonary edema, bronchospasm, dyspnea, respi-
ratory distress, nausea, vomiting, lower back pain, chest
pain, abdominal pain, clinical shock, refractoriness to
PLT transfusion, and transfusion-related acute lung
injury (TRALI). Criteria were provided for the diagnosis

of TRALL" Any other findings classified as adverse events .

were entered as free text. The following clinical signs
were recorded before and after each transfusion: tem-
perature, - blood pressure, and heart rate. After study
transfusions, abnormal clinical laboratory values, results

" of diagnostic procedures, chest radiographs, and bacte-

rial cultures from patient and blood component sources
were recorded from the medical record as required to
verify the adverse event and relation to transfusion. A
supplemental form was provided, on which adverse
events occurring more than 24 hours after the transfu-
sion, considered as potential delayed transfusion reac-
tions, were reported with free text to define the event and
the relationship to the imputed PLT component.

The relation of the adverse event to the PLT trans-
fusion was classified within the following categories: un-
related, probably unrelated, possibly related, probably
related, and related. Adverse events classified as possibly,
probably, or related to transfusion were defined as trans-
fusion reactions. Adverse events and transfusion reactions
were graded for clinical severity by the HPC within
the following categories: Grade 0= isolated dysfuncction
without clinical or biologic manifestation; Gradel =
absence of immediate or long-term life-threatening
effects; Grade 2 =long-term life-threatening effects;
Grade 3 = immediate  life-threatening  effects; and
Grade 4 = death, -

Preparation of PLT components

PLT components were collected by apheresis or by whole
blood-derived buffy-coat procedures from volunteer
donors according to standard operating procedures at
each center. Donors were screened and tested for
transfusion-transmitted pathogens according to each
center’s standard operating procedures in compliance
with respective national regulations. All components
were leukoreduced, either by filtration or by process leu-
kodepletion, PLT components (containing 2.5 x 10'-
6.0x 10" PLTs) were suspended in approximately

SAFETY OF PCT PLT COMPONENTS

35 percent plasma and 65 percent.PLT additive solution
(AS; Intersol, Baxter Transfusion Therapies, La Chatre,
France) and prepared with amotosalen-HC! (nominal
final concentration 150 wmol/L) and a 3 J per cm? UVA
light treatment (320-400 nm) according to the manufac-

turer's - instructions (Cerus Europe BV).® Treated PLT -

components were stored for up to 5 days with tempera-
ture control (22-24°C) according to standard operating
procedures for each center in compliance with national
regulations. Photochemical pathogen inactivation treat-
ment was used in place of bacterial detection to prevent
bacterial contamination and in place of gammairradiation

for prevention of transfusion associated graft-versus-

host disease (GVHD) at all centers except Trandheim,
Norway.

‘PLT transfusion
Primary caré physicians ordered PLT components for

transfusion accordirig to standard indications within each
institution. Primary care physlcxans prescribed pretrans-
fusion medication per standard of care. Participating
primary care physicians were requested to report all
adverse health effects for a period of 24 hours after each
transfusion with the standard report form and could
report any adverse health effects after a study transfusion
without time limitatjon.

Statistical analyses

A detailed statistical analysis plan for the study was pre-
pared and approved before analysis. All statistical.analy-
ses, summary tables, and data listings were generated with

computer software (SAS Version 8.2, SAS Institute, Cary, ~

NC). The primary assessment was the incidence of trans-

fusion reactions. The number and proportion (%) of trans- -

fusions. and of patients with one or more transfusion

_reactions were summarized overall, by seriousness and by

relationship to PLT transfusion. Corresponding 95 percent
confidence intervals (Cls) were calculated for the overall
summaries on a per-transfusion basis, In addition, the
patient population profile, the characteristics of the PLT
transfusions, and the characteristics of the adverse events
after PLT transfusion were analyzed. Analyses to identify
risk factors potentially associated with transfusion reac-
tions were conducted with multivariate logistic regression
analysis and by assessing association at.a 10 percent sig-
nificance level.

Data were analyzed on a per-transfusion or a per-
patient basis as apprapriate, All INTERCEPT PLT transfu-
sions administered to patients were part of the full
analysis population and were analyzed, whether or notan
adverse event was observed. All analyses were conducted
with this full analysis population,
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" RESULTS

A total of 5106 transfusions with PLT components pre-'

pared with PCT were documented during the study from
October 1, 2003, to December 16, 2005; and constitute the
full analysis population of this study. Overall, 4494 trans-
fusion reports (88.0%) were issued from Mont Godinne,
Belgium; 282 transfusion reports (5.5%) from Bergen,
Norway; 189 transfusion reports (3.7%) from Madrid,
Spain; 139 transfusion reports (2.7%) from Trondheim,
NDrwéy; and 2 ref)orts from Pescara, Italy.

Study patient demographics A
A total of 651 patients received transfusions during the

conduct of this hemovigilance plan (Table 1). Slightly’

more patients were male. The median age for all patients
was 65 years (gange', <1-93 years). The majority of patients
received PLT transfusions in nonintensive care hospital
locations, although a substantial number of study PLT
components were transfused in intensive care units and a
small proportion in outpatient clinics (Table 1). Hemata-
oncology diseases with or without chematherapy and/or
stem cell transplant constituted 58.1 percent of the
‘ primary diagnoses among the transfused patient popula-
tion (Table 1), A significant number of patients receiving
PLT transfusion -(26.9%) - underwent cardiovascular
surgery. Other diagnoses included surgical interventions
.{such as orthopedic, neurclogic, obstetric, organ trans-
plant, and multiple trauma). Additional primary indica-
-tions for PLT transfusions were systemic sepsis due. to

unspecified sources, gastrointestinal bleeding, and sepsis”

secondary to localized infections.

TABLE 1. Patient demographics at first study
transtusion
Paiient characteristics (n = 651)
Sexn (%)t .
Male 385 (59.1)
h Female 262 (40.2)
Age (years)
Mean + 8D N s 61.2 = 17.0
Median (range} : 85 {<1-93)
Patient locationt .
Intensive care. tnit - 214 (32.9)
Outpatient care unit : 46 (7.1)
Nonintensive care unit 391 (60.1)
Hematology-oncology patients . 378 (58.1)
Conventional chemotherapy 315(48.4)
Stem cell transplant (SCT) 47 (7.2}
No chemotherapy or SCT : 16 (2.5)
Surgery patients . T 221(33.8)
Cardiovascular . ) 175 (26.9)
Organ transplant . 8(1.2)
Cther surgical procedures . 38 (5.8)
Qther diagnoses . . 52 (8.0)
* Four patients had missing data for sex.
1 Data are reported as number (%),

1066 TRANSFUSION ' Volume 48, June 2008

Overall, 223 patients (34.3%) had no previous trans-
fusion history at time of the first study PLT transfusion,
and 362 patients (55.6%) had already received another
blood product before the first study transfusion, Informa-
ton about transfusion history was missing for 66 patients

{10.1%). Among the 362 patients with a transfusion

history, 22 patients (3.4%) reported experiencing a trans-
fusion reaction of some type in association with prior
transfusions. The majority of the PLT components (3525/

'68.0%) were administered to patients who had already

received another blood component before the first study )

PLT transfusion: Among these transfusions, 634 (12.4%)
PIT products were transfused to patients reported to have
experienced at least one transfusion reaction in the past.

PLT con{ponent demographics

Alarge proportion of the PLT components were transfused )

on nonintensive hospital care units. Most of the PLT-com-

ponents (90.3%) were administered to hematooncology.

patients. While a significant number of patients receiving
study PLT components (26.9%) were undergoing cardio-
vascular surgery, they used only 5.5 percent of the total
PLT components; because most of these patients required
only one PLT transfusion episode,

Most of the study components were manuflacthred‘

from apheresis collections (92.0% vs. 8.0% for buffy-coat
products), All centers, except Trondheim, elected to use
PCT PLTs without gamma irradiation (97.3%) for patients
at risk of transfusion-associated GVHD based on reported
data® showing that the photoctiemical process effectively
inactivates T cells. Among the 5106 study products trans-
fused, 158 PLT units {3.1%) were human leukocyte antigen
(HLA) matched.

Extent of exposure

During the observational period, the range of study trans-
fusions per patient was 110 156, with a mean of 7.8 * 16.2
transfusions per patient. The median value was 2 transfu-
sions per patient; A substantial proportion of patients
(58.4%) ‘received between 2 and ‘10 PLT components
(Table 2).

Adverse events and transfuslon reactions after
PLY transfusions

On a per-transfusion basis, 55 of 5106 transfusions (1.1%;
95% CI, 0.81-1.40) were reported with adverse events after
PLT transfusion and 3 of these (0.1%) were reported with

serious adverse events. Forty-two transfusions (0.8%; 95%

CJ, 0.58-1.11) were reported with adverse events (Table 3)
causally related to the proximate PLT transfusion; thus
these transfusions were associated with a transfusion
reaction. These adverse events were within the spectrum
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of adverse events associated with transfusion reactions
{Table 3). One of 42 transfusions was reported with a
serious adverse event, Grade 3, causally related to PLT
. transfusion. All of the other transfusion-related adverse
events were Grade 1, Thirteen transfusions had adverse

TABLE 2. Patlent exposure {o study PLT
- components

Number of patients *

Number of study transfusions and proportion (%)

Recelved at least one siudy transfusion 651 (100)
Recaivad only 1 transfusion 271 (41.6)
Received mare than 1 transfusion

" From 2 to 10 transfusions 271 (41.8)

From-11 to 20 transfusions 47 (7.2)
From 21 to 40 transfusions R <N CA ]
From 41 to 60 transfusions 1 (1.7}
From 61 to 80 transfusions 8{1.2)

. From 81 to 100 transfusions PR A )
" More than 100 transfusions - . 3(0.5)
Number of transfusions per patient

Mean x SD 78x 162
Range 1-166
Median 2

TABLE 3, Adverse events related to PLT
transfusions classitied as transfusion reactions*

Adverse event {clinical cbservation} Number of events (%)
Chills : 27 (36.0)
Fever 14 (18.6}
Urticaria . 14 (18.6)
Dyspnea 4 (53}

Skin rash {not otherwise specified) . 4 (5.3)
Nausea/vomniting 3 (4.0)

itching ~ . 3 (4.0

Other: flushing T340
Hypotension 3(4.0)

* Adverse events {n = 75) reported after PLT transfusions attrib-
_ uted to the transfusion and classified as part of a transfusion
reaction invoiving 42 of 5106 transfusions.

SAFETY OF PCT PLT COMPONENTS

events reported that were excluded as related to the trans-
fusion (Table 4), and 2 of these transfusions had serious
adverse events reported that were excluded as related to
the transfusion,

Ori a per-patient basis, 42 patients (6.5%) experienced
adverse events after study “transfusions. Eight patients -

(1.2%) experienced adverse events after two different
study transfusions, and 1 patient (0.15%) had adverse
events - after six.different study transfusions. Among the
patients experiencing adverse events after transfusion, 32
patients (4.9%) experienced adverse events attributed to
the study PLT transfusion (possibly related, probabiy
related, or related) and were classified as patients with a
transfusion reaction. Three of the 42 patients had serious
adverse events after PLT transfusion, but for only 1 patient
was the serious adverse event attributed to the PLT trans-
fusion, Of the 42 transfusion reactions in 32 patients, 33
transfusions -were associated with a single symptom
and/or sign, 8 with two, and 1.with six. Among these 42
transfusions classified as resulting in transfusion reac-

.tions; the time to the first reaction was variable (Table 5).

Only 4 transfusions were preceded by medication to
reduce potential transfusjon reactions (antihistamines
and corticosteroids for 3 and corticosteroids ‘alone for 1
transfusion). ’

Transfusions associated with suspected bacterial
sepsis

Five transfusions were associated with chills and fever or
hypotension that met institutional criteria for suspicion of
transfusion-associated sepsis, resulting in bacterial cul-
tures of PLT components and patients (Table 6). Twenty-

" one other PLT components were cultured based on blood
* center surveillance practice, but were not associated with

suspected sepsis, and all of these were sterile.

TABLE 4. Adverse events classified as fated to PLT tr ions.

-Patient Adverse events*® Causalityt

Gradet Basis for causality assessment

01-030 ° Faver, chilis, nausea, vomiting Probably unrelated
01-008  Cardiac arrhytbmia, Probably unrelated
01-096  Hypotension Probably unrelated

01-089 . Chills Probably unrefated
01-168  Chllls, headache Probably unrelated
01-088  Fever, chills, hypotension, flushing Unrelated

01-106  Dyspnea, nausea, vomiting
01-178  Fever, chills

01-230  Chills Probably unrelated
01-388  Chills, nausea, vomiting Probably unrelated
01-421  Fever, dyspnea, chest-abdominal pain  Probably unrelated
01-427  Chills Probably unreiated
01-335 _ Chills Unretated

Probably unrelated
Probably unrelated

Prior infection under treatment
Condition before transfusion
Hypotension before transfusion
Anxiety. crisis, not verified as chills, no fever
Fover before transfusion with prior infection
Prior sepsis due fo dental abscesses
Indwelling catheter infection documented
Febrile neutropenia before transfusion
Event after RBC transfusion | -
incident with .other medicati
Onset 2 hr after transfusion, blood cultures negative
Onset 76 min after transfuslon, blood cultures negative
No fever increase, PLT upit culture negative

PR R ¥ I A YTy

* Adverse events reported after PLT transfusion.
1 Causal relation to transtusion as assessed by primary care physician.

1 Adverse even! severity grade where: Grade 0 = isolated dysfunction without clinical or biological manifestation; Grade 1 = absence of
1 di i quence; Grade 2 = long-lerm life-threatening consequence; Grade 3 = immediate life-

or fong-t ife-thy ing
threatening consequence; Grade 4 = death.
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TABLE 5. Number of study transfusions before
the first transtusion reaction
. Transtusions with
Transfusions before first reaction reactions (n = 42)
1 8 -
2 6
3 5
4 5
5 2
811 7
11-20 3
>20 8
TABLE 6. Transfusions associated with
. 15 d bacterial sepsis
Patient 1D Vital signs. Culture result
01-067 36.8/38.6°C Patient blood culture nagative
BP* 150/80 .
01-039 36.1/36.1°C Patient blood culture negative
BP 140/80 .
01-464 Afebrile, severe PC culture negative
hypotension .
01-178 39°C 12 hrafter  PC cuiture negative
B8P 120/80 .
01-088 - -37.3/39.9°C PC negative, dental abscess
- positive
- BP 60/40
* BP = blood pressure; PC = platelst component.

~ Patient 01-007 had chills; fever, and urticaria after a
transfusion. Culture of a tubing segment was pasitive
for micrococcus, but blood culture from the patient
was negative. The urticaria was attributed to antibiotic
medication, The tubing segment culture result was con-
sidered a laboratory contaminant. Patient 01-039 experi-
enced chills without fever, but with dyspnea after a
transfusion. No other symptoms or signs were reported.
Culture of the administration tubing set was positive for
coagulase-negative staphylococcus, but blood cultures
from the patient were negative. Patient01-464 ex-
perienced posttransfusion hypotension. Culture of"a
detached tubing segment was positive for Staphylococcus
warneri, but culture of the PLT component and blood

_cultures. were negative. Patient 01-178 developed fever

and chills after a PLT wransfusion with a positive blood

culture for Escherichia coli. Cuiture of the PLT compo- -

nent, however; was negative. Patient 01-098 developed
fever (39.9°C) with chills and hypotension 12 hours after
a PLT transfusion. Blood culture was positive for the
presence tpf Actinomyces, but culture of the associated
PLT compeonent was negative. Subsequently, the source
of sepsis was identified as a dental abscess. In summary,
no. posttransfusion ~adverse events suspicious for
transfusion-associated sepsis were confirmed with
concomitant-positive PLT component and patient blood
cultures. -
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Serious adverse events after PLT transfusion
Three serious adverse events were reported after PLT

‘ransfusion. Patient 01-096 had severe hemodynamic
“instability after liver biopsy associated with bleeding and

was transferred to intensive care. After the onset of hem- -
orrhage, she received a study PLT transfusion followed by
severe hypotension (blood pressure, 42/22; heart rate,
92 beats/min). She was treated with fresh-frozen plasma
(FFP), vasopressors, and fibrinogen and recovered. The
primary care physician assessed the event as probably
unrelated to the PLT transfusion and attributed the
hypotension secondary .to hepatic hemorrhage with
hemodynamic instability.

Patient 01-098, receiving chemotherapy for acute
leukemia, experienced fever, chills, and hypotension
12 hours after his 31st PLT transfusion. Subsequent blood
cultures were positive for the presence of Actinomyces, but
the PLT component culture was negative. The source of
sepsis was attributed to a dental abscess and was classi-
fied as unrelated to the PLT transfusion. S

Patient 01-464 developed hemorrhage during mitral
valve surgery and was treated with PLT transfusions and
methylene blue FFP He experienced hypotension after the
second study transfusion, Cultures of the PLT component
and blood cultures were negative. One day later the
patient experienced a second hypotension episode after’
transfusion of red blood cells (RBCs). The investigator\O
attributed the event as an allergic adverse event related o™
the PLT transfusion. The patient had no other -allergic
symptoms. The patient recovered and was discharged in
good condition.

Risk factors associated with transfusion reactions -
Both patient and PLT. component characteristics were
analyzed for association with transfusion reactions. The
analyses showed that 6.0 percent of male patients experi-
enced at least one transfusion reaction and 7.3 percent of
the female patients experienced at least one transfusion
reaction {p = 0.59; odds ratio [OR], 1.19). Stratification by
age showed that 4.6 percent of the patients older than
64 years of age presented with at least one transfusion
reaction compared ‘to 8.3 percent of patients below
64 years of age (p = 0.06; OR, 0.54). Finally, 8.8 percent of
patients with a prior history of transfusion experienced at
least one reaction while only 4.5 percent of patients with
no prior transfusion history experienced at least one reac-
tion (p = 0.07; OR, 1.99). These factors may be confounded-
with the diagnostic category of the patients; however,
there were no significant associations between diagnostic
category and trahsfusion reactions. Most of the trans-
fusions with attributed reactions were associated with
apheresis preparations. Only one random-donor PLT-
component was reported with a transfusion reaction, but
this low incidence of reactions was most likely due to the



_ disproportionate use of apheresis.components in this
study and not a true effect of preparation method.

Extent of exposure before the first transfusion
reaction

Among the 42 transfusions associated with a transfusion
reaction, reactions occurred after single and multiple

transfusions (Table 5). These data suggest that repeated-

exposure to INTERCEPT PLTs did not increase the likeli-
hood of a transfusion reaction. Among the 10 patients
without a previous transfusion history who experienced a
transfusion reaction, 3 patients had an event at the first
PIT transfusion, 1 after the 4th, and 6 patients after more
than 5 transfusions. Patient 01-113 experienced the first
reaction (urticaria and flushing) after the 139th INTER-
CEPT transfusion. Thus, for this patient population
without prior blood product exposure, the risk of a trans-
fusion reaction after INTERCEPT PLTs did not appear to
increase with increased exposure.

DISCUSSION

Generally when a new type of labile blood component is
introduced into routine clinical practice, initial informa-
tion characterizing the safety profile is derived from a
limited number of observations during the clinical devel-
opment phase,® The introduction of PCT PLTs into routine
clinical practice provided an opportunity to collect more
information on the tolerability and safety of PCT PLTs ina
broader. patient population and under routine clinical
conditions in contrast to a clinical trial environment. This
approach is consistent with the recent recommendation
from a consensus conference that new blood safety tech-
nologies should be evaluated with postmarketing hemo-
vigilance studies,'

A prospective ‘observational study with obligatory
reporting for all transfusions regardless of outcome was
designed to assessthe safety profile of PCT PLTs in routine
clinical practice, The data from the present study repre-
sent the largest prospective experience to date for record-
ing potential adverse events associated with PLT
transfusions compared to. prior studies of retrospective
design and limited size.""""* This study was planned to be
consistent with European hemovigilance practices in
which reporting of all grades of transfusion-associated

“ reactions has been emphasized.* In contrast to passive -

hemovigilance studies, in this study obligatory reporting
for all PLT transfusions was required irrespective of
outcome. This study focused on adverse events that could
be linked to PLT transfusions, specifically in the first
24 hours after transfusion, but there were no specific
limitations on when adverse events could be reported
after transfusion. This study captured information on
repeated transfusions within patients to determine poten-
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tial effects of repeated exposure 16 this new type of PLT-

component.
- A potential limitation of this study was the absence of
a concurrent control group receiving conventional PLT

components with which to determine a comparative inci- -

dence of acute transfusion reactions. Another limitation
was the potential for overreporting due to the absénce of
a blinded design and the increased awareness among
observers that a new type of PLT component was under
evalyation.

These potential hmxtauons were addressed in several
ways. A large portion of the transfusions were adminis-
tered at the Mont Godinne Blood Transfusion Center,
which had prospectively collected data for both PLT and
RBC transfusions during an 18-month period before
routine implementation of PLT components treated with
pathogen inactivation. After the uriiversal introduction of
treated PLT components into clinical use at this center, the
methods for RBCs did not change. During both periods
of observation, PLT ASs were used to reduce exposure to
allogeneic plasma.'® Thus, in this center, we were able to
compare the prevalence of transfusion associated adverse
events with the same group of observers for one compo-
nent with a new intervention (PCT PLIs) and anothier
component that was unchanged (RBCs). Based on a com-
parison of the two observation periods, Osselaer and

coworkers' reported a significant reduction in reactions -

to treated PLT components, from 1.3 to 0.9 percent

(p =0.02), while the incidence of reactions to RBCs was .

equal in both periods {0.4%). The experience from this
two-period, two-component . analysis suggested that
observer. sensitivity for overreporting did not occur. In
addition, these data provided a background rate for acute
transfusion reactions for leukoreduced PLT components
with PLT AS (1.3% of transfusions).

Other estimates on the background prevalence of
transfusion reactions can be obtained from the literature.
On a per-transfusion basis, the prevalence has been
reported to range from 18 to 31 percént; however, these
studies were conducted some years ago with variable
methods of PLT preparation,''¢"® More recently, the inci-
dence of moderate and severe transfusion reactiens has
been reported from the TRAP study, which examined 8769
PLT transfusions in 598 patients during induction therapy
for acute leukemia.” The overall incidence of reactions
was 2.2 percent of transfusions, and 22 percent of patients
experienced at least one transfusion reaction. In com-
parison to the TRAP trial, in this study in which all grades
of reactions were reported, both thé propartion .of
transfusions associated with a reaction (0.8%) and the
proportion of patients (4.9%)  experiencing at least
one transfusion reaction. causally attributed to a PLT

component were lower,

Another comparison can be made with data from the
hemovigilance network in France.’ In that study, which
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reported data for transfusion reactions during 2 years in
which ‘the reporting system was first implemented, an
incidence of four events per 1000 PLT componenits (0.4%)
was reported. This may be an underestimate, however,
since each whole-blood PLT concentrate in a pool was
tabulated as an individual component. More recently,
Kerkhoffs and colleagues' compared the incidence of
trantsfusion reactions for leukoreduced pooled PLT com-

-ponents in plasma and plasma with AS in a study of 168
patients and 765 transfusions. They observed an inci-

dence of 5.5 percent of transfusions with reactions for

- PLTs in plasma versus 2.4 percent of transfusions for PLTs

in a mixture of plastna and AS. On a per-patient basis,
9.5 percent of patients transfused with PLTs in plasma-ASs
had reactions compared to 15.5 percent of patients sup-
ported with PLTs suspended in plasma.

In this study, which is the largest prospective PLT’
- transfusion study to date specifically designed to capture

all grades of transfusion reactions, the prevalence of reac-
tions per transfusion and per patient was at the lower
range of those reported in studies with conventional com-
ponents. Younger patient age and prior exposure to blood
transfusions were risk factors trending to a higher inci-
dence of transfusion reactions. Recently, a higher rate of
wransfusion reactions also was reported in.a hemovigi-
lance survey of pediatric hematology patients.”

Prior exposure to INTERCEPT PLT transfusions dxd
not increase the likelihood of a transfusion reaction. In
comparison to.other studies of PLT components in

" plasma-AS mixtures, the incidence of transfusion reac-

tons on a per-patient basis for components prepared with
PCT was reduced further. Importantly, this study enrolled
a substantial number of patients with hematology-
‘oncology disorders treated with complex therapies and
supported with repeated PLT transfusions as well as sur-
gical padents requiring PLT support. No incidents of
TRALI, transfusion-transmitted bacterial sepsis, or death

associated with acute transfusion reactions were observed |

in this study. Based on this experience in a broad patient
population, PLT components prepared with PCT were well
tolerated in routine clinical practice, The types and sever-

-ity of acute reactions to PLT components prepared with -
- pathogen inactivation treatment were consistent with

previous reports of adverse events to conventional PLT
components, and the data from this study provide addi-
tional data on the safety of PLT components treated with
amotosalen and UVA light. ’ .
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Background An active haemovigjlance programme was implemented to survey -

adverse events {AE) associated with transfusion of platelets photochernically treated
‘with amotosalen and ultraviolet A (PCT-PLT). The results of 5106 transfusions have
already been reported. Here we report the results of an additional 7437 PCT-PLT
transfusjons,

Methods The focus of this ongoing haemovigilance programme is to document all
AEs associated with PCT-PLT transfusion. Data collected for AEs include: time of event
after starting transfusion, clinical descriptions, vital signs, results from radiographis
and bacterial cultures, event severity (Grade 0-4) and causal relationship to PCT-PLT
transfusion.

Results One thousand four hundred patients (mean 60 years, range 1-96) received
PCT-PLT transfusions. The majority of the patients {53-49%) had haematology-oncology
diseases and required conventional chemotherapy (44:8%) or stem-cell fransplantation
{8-69%). Sixty-eight PCT-PLT transfusions were associated with AE. Acute transfusion
reactions (ATR), classified as an AE possibly related, prabably related, or related to
PCT-PLT transfusions were infrequent (n = 55, 55/7437 = 0:7%) and most were of
Grade 1 severity. Thirty-nine patients (39/1400 = 2:8%) experienced one or more ATRs.
The most frequently reported signs/symptoms were chills, fever, urticaria, dyspnoea,
nausea dnd vomiting. Five AEs were considered severe (2 Grade .2); however, no’

causal relationship to PCT-PLT transfusion was found, Repeated exposure to PCT-PLT

did not increase the likelihood of an ATR. No cases of transfusion-related acute lung
injury and no deaths due to PCT-PLT transfusions were Teported.

Condlusions Routine transfusion of PCT-PLT is well-tolerated in a wide range of
patients. ATRs related to PCT-PLT transfusion were mfrequent and most were of mild
severity.

Key words: PCT, platelets; haemovigilance, safety, INTERCEPT.
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Introduction

INTERCEPT Blood System™ uses a photochemical treatment
methodology '[PCT: amotosalen ‘plus ultraviolet A (UVA)
light] to inactivate viruses, bacteria, protozoa, and leucocytes
in platelet (PLT) and plasma components. The PLT system
received CE Mark registration in Europe in 2002. Several
centres in Belgium, Spain, Norway and Italy began routine
proguction of PCT-PLT in 2003. An active haemovigilance
programme was immediately implemented to prospectively
collect information on PCT-PLT transfusions administered
to patients in routine clinical settings. Prior to CE Mark
registration, the safety data of PCT-PLT were primarily

.‘obtained from controlled clinical trials with a limited number
" of patients and predetermined clinical and safety end-points

{1-3], The postmarketing haemovigilance programme pro-

" vided a means to extend the characterization of the safety

profile of PCT-PLT in routine use and in a broad patient
population. The results of the first 5106 PCT-PLT transfusions
have-already been repoited [4]. With additional centres in
Belgium, Spain and France starting with the routine production
of PCT-PLT, the database of this haemovigilance programme
has been expanded {5,

In March 2007, the Canadian Blood Services and Hema-
Québec orfgamzed a consensus conference to provide recom-

mendations and guide decision-making about new pathogen

inactivation technologies [6]. The panel, consists of nine
healthcare professionals and members of the public, stressed
the imiportance of postmarketing surveillance studies in the

introduction of new technologies for blood safety. The panel

recommended that specific studies should be mandated by
the regulatory authorities and supported by the manufacturers

"and/or the blood. suppliers. Postmarketing surveillance for

adverse reactions to pathogen inactivation products should
be linked to the national haemovigilance systems if possible.
Depending on the new pathogen inactivation technologies
implemented, specific additional surveillance outcomes
may be identified. The panel also suggested that chronically
transfused patients mlght serve as an ideal surveillance
population to identify Jong-term toxicities of pathogen-
inactivated products.

The active haermovigilance programme described in this
study is in concordance with these recommendations.
Although this programme is not directly linked to a specific
country haemovigilance system nor designed to replace any
existing haemovigilance system, the format of data collec-
tion is modelled after the data collection format of the French
haemovigilance system for documentation of transfusion
incidents (7]. The focus of the current programme is on all

* adverse events (AE), serious or non-serious, 6ccurring after

the start of PCT-PLT transfusion. Following the recent report

of 5106 PCT-PLT transfusions [4), here we report the results

of an additional 7437 transfusions of PCT-PLT.

Materials and methods

General studyr design

This was a prospective observational active haemovigilance
study. The objective of this study was to document the
transfusion safety profile for approximately 7500 PCT-PLT
components prepared with the INTERCEPT Blood System™
for platelets (Cerus Europe BV, Leusden, the Netherlands).
These components were prepared in three centresin Belgium
(CTS UCL Mont Godinne, CTS Brabant- Hainayt and AZ
Sint Jan AV), three centres in France (EFS-Alsace,. EFS-
Auvergne-Loire and EFS-Bretagne), and one centre in Spain
(CHEMCYL: Vailadolid) and administered to thrombocytopenic
patients under standard clinical practice in hospitals. There
were no randomization requirements, no inclusion criteria

and no exclusion criteria of patients other than the need

to receive a platelet transfusion. Baseline demographical
information was coliected on all study participants. Patiénts
were assigned a centre-specific study number to preserve
anonymity. )

Patients who received transfusions of PCT-PLT were moni-
tored for any AEs after the start of each platelet transfusion,

which is consistent with European Haemovigilance Network .

recommendations for surveillance of AE to transfusion of
labile bloodicomponents' and with those of national trans-
fusion services [7,8). However, in this study, reporting was
obligatory for all PCT-PLT transfusions in each participating

clinical site. A transfusion report was required for each PLT

transfusion regardless of whether or not an AE occurred, In

case of occurrence of an AE, additional ¢linical and biological -

information was coliected to allow diagnosis and assessment
of causality and severity. The data in the final database
were anonymous and were reported on a per-transfusion
basls as well as on a per-patient basis. Transfusions associated
with serious AEs were reported in greater detail.

Study report forms

The report form used for this haemovigilance programme
was developed on the basis of haemovigilance report forms
already in use: Information was collected in several broad
categories: patient demographxc/dlagnosls data, platelet com-
ponent characteristics, transfusion events and documentation
of all AEs following transfusion. An acute transfusion reaction
(ATR} was defined as an AE possibly related, probably related;
or related to a PCT-PLT transfusion. |

AEs were graded for clinical severity within the following
_categories: Grade 0, isolated dysfunction without clinjcal or

biological manifestation; Grade 1, absence of immeédiate or
long-term life-threatening effects; Grade 2, long-term life-
threatening effects; Grade 3, immediate life-threatening
effects; and Grade 4, death, For each transfusion, the following

© 2008 The Author{s)
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signs, symptoms and specific clinical syndromes were
evaluated: fever, chills, cardiac arrhythmia, hypotension,
itching, urticaria, skin rash, jaundice, pulmonary oedema, bron-
chospasm, dyspnoea, respiratory distress, nausea, vomiting,
lower back pain, chest pain, abdominal pain, and shock.
Any other findings could be entered as free text including
refractoriness to platelet transfusion and transfusion-related
acute lung injury. The following available clinical signs were
recorded before and after each transfusion: temperature,
blood pressure and heart rate. Abnormal ciinical laboratory
values, results of diagnostic procedures (chest X-ray) and
bacterial cultures from -patient and blood component
sources were recorded when associated with an AE following
a PCT-PLT transfusion,

Preparation of platelet components

Platelet components were collected by apheresis or from

whole blood-derived buffy-coat procedures according to each
centre’s standard operating procedures. Volunteer donors
were screened and tested for transfusion-transmitted
pathogens according to each centre’s standard operating pro-

. cedures in compliance with respective national regulations.

All components were leucocyte reduced, either by filtration
(Sepacell PLS-5A, Asahi Biomedical, Tokyo, Japan] or process
leucodepletion (Amicus Cell Separator, Fenwal, La Chatre,
France; Haemonetics MCS+, Haemonetics, Braintree, MA,

" USA). Platelet components containing 25 to 6:0 % 10 platelets -

were suspended in approximately 35% p)asma‘kand 65%
InterSoi™ {Fenwal) arid prepared with amotosalen (nominal
final concentration 150 ) and a 3 Jfcm? UVA light treatinent
[320-400 nm) according to the manufacturer's instructions
for use {Cerus Europe BV). After treatment, PCT-PLTs were
stored up to either 5 or 7 days under temperaturé-controlled
conditions (22 % 2 °C) before release for transfusion
depending on country-specific regulations. PCT-PLTs were
transfused before the expiration period of 5 days in France
and Spain or 7 days in Belgium. PCT-PLTs were not cultured
for bacterial contamination prior to release, and PCT was

‘used in place of y-irradiation for prevention of transfusion-
- associated graft-versus-host disease in all sites except EFS-

Bretagne and EFS-Auvergne-Loire.

Platelet transfusion

PCT-PLT components for transfusion were ordered according
to standard indications within each institution. The investi-
gator was requested to report all AEs occurring after starting
transfusion without time limitation, The severity of each AE
{Grade 0 to 4) and the relationship of each AEs to the preced-
ing platelet transfusion were assessed by the investigator.
Serious adverse events were reported in greater detail with a
narrative for each event. .

(] 2008 The Author(s}

Statistical analyses

All statistical analyses, summary tables and data listings

were generated using SAS® version 8-2. The primary assess-

ment of safety was the proportion of ATR for the transfusions
reported, The safety profile of PCT-PLT transfusions included
information on: the number- of PCT-PLT transfusions by

. patient; the patient population profile; the characteristics of

the PCT-PLT transfused, and the characteristics of the AE
following platelet transfusion.

Data were analysed on a per-transfusion basxs as well as
on a per-patient basis. All PCT-PLT transfusions administered
to a patient were included in the full analysis population,
whether or not an AE was observed: Data were summarized
for each parameter using descriptive statistics {mean, standard
deviation, median, and range).

Statistical tests were performed for the exploration of risk
factors only {multivariate logistic regression at 10% signifi-
cant level). The variables included in the analysis are patient

gender, age, previous transfusion history, type of platelet -

concentrate, y-irradiation, antigen-matching and primary
diagnosis. Variables with descriptive statistics were tested for
P values and odds ratio. The number and proportion (%) of
transfusions with one or more AEs were summarized overall,
by seriousness and by relationship to platelet transfusion,
Corresponding 95% confidence intervals {Cls) were calculated.

The non-survival analysxs method is a univariate analysis

of the number of transfusions received before the first
occurrence of an AE. Only patients with at least one AE were
considered in this analysis.

Results

Distribution of transfusions

A total of 7437 PCT-PLT transfusions were documented

between May 2005 and January 2007 and constitute-the full
analysis population. The distribution of transfusion reports

were: 3657 {41-19%) from CTS UCL Mont Godinne, 2048 .

(27-5%] from EFS-Alsace, 899 (12:1%) from CTS Brabant-
Hainaut, 572 (7-7%) from EFS-Auvergne-Loire, 440 (5-9%)}
from AZ Sint Jan AV, 381 (5-1%) fromr CHEMCYL, and 40
{0-5%) from EFS-Bretagne. ’

‘Patient demographics

A total of 1400 patients underwent transfusion (Table 1). The .

majority of the patients were male (61-3%)} and the mean age was
60 years {range < 1-96 years). H logy-oncology di

treated by chemotherapy (44-8%) and stem cell transplantation
(8-6%) constituted 53:4% of the primary diagnoses and
therapies among the transfused population. A significant
number of patients receiving platelet transfusion (17-2%)
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Table 1 Patient and transfusion demographics

Patient. - Transfusion
ch istics istics
{n =1400} C ln=7437)
Gender (n, %) :
Male ’ 858 (61-3%) 4354 (58.5%]
Female 542 (38-7%} 3082 (41-4%]
Unknown - © (< 01%)
Age {ycars]
Mesn £ 5D 800£17-8
Median . 63
[minimum=maximum) (<1-96)
Location of transfusion
Intensive care unit . 1145 (15:4%)
Outpatient , 382 (51%)
Regular ward v 5908 (79-4%)
Unknown 2(< 0-1%)
Haematology-oncology patients 748 [53-4%) 5463 (73:50)
Conventional chemotherapy 627 (44-8%) 4481 {60-3%)
Stem cell transplant 121 (8:6%) 982 {132%)
Surgery patients T 241 (17:2%) 480 {6:5%)
Cardiovascutar surgery 209 {14-9%) - 349 (4:7%)
Solig 6rgan transplantation 32 {2-3%) 131 {1-8%)
Other diagnoses 397 {28-40%) g59{1-60) -
Missing diagriosis  ~ 14 {1-0%} 635 (8-5%)
History of a:previgus transfusion
Yes : .. 837 (59-8%] 5029 {67:6%)
No . : v 398 (28:4%] 1927 (25:9%)
Unknown . 185 (11-8%) 481 (6:5%)
1 Yes' - did they experience 3 transfusion-related adverse event?®
Yes T 53 (6:3%) 382 (76%)
No . . 779 (93-0%) 4639 (82:2%)
Unknown ‘ . 5 (0-6%) 8{02%)

*For.per-patient tiasis. the denominator is 837, for per-transfusion basis, the.
denominator is 5029.

were undergoing cardiovascular surgery or solid organ
transplantation. Other diagnoses included haematology-
oncology diseases not treated by chemotherapy andfor stem
cell transplantation and surgery other than cardiovascular
surgery and solid organ transplantation.

Of al] patients, 837 patients (59-8%) had already received
another blood product before the first PCT-PLT transfusion
{Table 1). Among these patients, 53 patients (6 3% of 837) had
a history.of a 'transfusion Teaction of some type in the past.

Platelet component demograbhics

Most of the PCT-PLT units were manufactured from apheresis
platforms (4822, 64-8% vs. 2615, 35-2% for buffy-coat prod-
ucts). The majority of the PCT-PLTs (7357, 98:9%) were not
treated with y-irradiation {9]. Among the 7437 PCT-PLTs

transfused, only 2:5% (188 units) of platelet units were
human Jeucocyte antigen-matched products.

A large proportion of the PCT-PLT components {5908,

79-49%]) were transfused in non-intensive care hospital wards
(Table 1). Intensive care units and day~hospital units were the
location for 15+4 and 51% of the PCT-PLT transfusions (1145
and 382 units, respectively). While most of the PCT-PLT com-
ponents (5463, 73-5%) were ‘administered to haematology-
oncology patients, only 480 PCT-PLT components {6-5%)
were administered to surgery patients.

The majority of the PCT-PLT components (5029, 67:6%)

were administered to patients who had already received-

another blood comporient before the first PCT-PLT transfu-
sion (Table 1). Among these transfusions, 382 (7-6% of 5029).
PCT-PLT components were transfused to patients reported to
have experienced at least one transfusion reaction in the past.

Number of transfusions per patient

The range of PCT-PLT transfusions per patient was 1 to 129,
with an average of 5-3 £ 10-8 (median: 2} transfusions per
patient. Of the 1400 patients who received PCT-PLT trans-
ﬁisions, 529 patients (37:8%) received only one PCT-PLT
transfusion during this study period, 418 patients {29:9%)
received two to three transfusions, and 453 patients {32-4%)
received more than four PCT-PLT transfusions duting the study.
The majority of patients who received multiple transfusions
had a primary diagnosis of haematology-oncology diseases
treated by chemotherapy and/or stem cell transplantation.

Two patients from-CTS UCL Mont Godinne received more
than 100 transfusions analysed in this haemovigilance plan.
One 56-year-old man {JO1-636) who was treated by con-
ventional chemotherapy for haematology-oncology disease
received 129 PCT-PLT components within an 8-month period
(from Apnl 2006 to November 2006}, One 7Z-year-old
womgn (J01-071) who was also treated by conventional
chemotherapy for haematology-oncology disease received
107 PCT-PLT components within a 10-month ‘period (from
August 2005 to November 2008).

Adverse events following PCT-PLT transfusion

Ona per-trar{sfusion basis, 68 (0-9% of 7437 transfusions,
9500 CL: 0:7-1+20%) transfusions were associated with an AE
{Table 2). Of which, 55 {0-7% of 7437 transfusions, 95% CI:
0-6-1-006) were classified as ATR possibly related, probably

related, or related to PCT-PLT transfusion. Only five events -

were classified as serious AEs {0-079%, 95% Cl: 0-0-0-2%),
and were judged as probably unrelated to the PCT-PLT trans-
fusion based on the observation of alternative causes for
symptoms-and no evidence of causal relationship to the platelet

- transfusion. No cases of transfusion-related acute lung injury

and no' deaths due t6 PCT-PLT trahsfusions were reported.

* © 2008 The Authoris)
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Table 2 Clinical characteristics of adverse events {AE}

On a per-transfusion basis n (% = n X 100/7437)

On-a per-patient basis.n (% = n X 100/1400)

AE attributed AE attributed
toplatelets SAE attributed to platelets SAE attributed
Any AEs  (ATR)® SAE* to platelets®  AnyAEs  (ATR)® SAEs* to platelets™®
Number with at least one event 68 {099%) 55 (0-79%} 5 (< 0-1%)- 010-0%) 45(3-2%) 39 (2:8%) 4(03%)  0{00%)
Signs/Symptoms®
" Fever 8 (0-1%) 6 (< 0-1%} 0(0%) - 7 (0-5%) 5 {0-4%) ofow) - -
Chilis 45 {0-6%)  40{05%) 2(<01%} - 31(22%) 28 (20%) 1(<01%) -
Itching 2(<0%)  2{< 01%) 0 (0%) - 1{<01%) 1 (< 01%)] ofow) -
Hypotension 1(<01%) 0 (0%) 1(<01%) - 1(<0:9%) 0 (0%) 1{<01%) -
Utticaria ’ 14(02%)  14(02%)  ol0%) - 13(09%)  13(09%) ofow) - -
Skinrash - : 5(<0%)  S(<01%) 0% . - 4(03%)  4(0306) olow) -
Dyspnoea 8{019%)  6{<01%}  1(<010) - s(o6%] 6 (04%) 1(<01%) -
Respiratory distress 1 (< 01%) (0%} (<o) - 1(<01%) 0 (0%) 1< 01%) -
Nauseajvomiting 8(01%) 5{<01%)  3(<01%) - 5 (a0l 3 (0200} 2(01%) -
Lower back pain 6(<01%} 1(<01%) 0 (0%} - 2(01%) 1(< 0:1%) 0 (0%) -
Chestfabdominal pain 1{<01%) = 1(co100) °.0{0% & - T{cotw) 1{c01%)  0{0% -
Shack 4(<01%} 0 (0% 4(<010%) - 3(02%) 0 {0%}) 3o -
Tachycardia 4{<0tm)  3(<01%) Yicoo} - 2oaw 2(00%) 1{<01%) -
Other  ~ 14(02%)  11(01%) 3(<01%) - 12(09%) . 10 (07%) 3(02%) -

. serious adverse event (SAE): long-term life fhrcatcning, immediate fife threatening or death.
bCausal relationship that was possibly. related, probably related, or related to PCT-PLT transfusion.
“Number of signsfsymptoms can exceed number of AE due to multiple observed signs/symptoms per AE.

On a per-patient basis, 45 pan'erits {3-2% of 1400 patients)
who received at least one transfusion of PCT-PLT experienced

" the 68 AEs following PCT-PLT trarisfusions<{Table 2). Only

39 patients (2-8% of 1400 patients) experienced the 55 ATRs
attributed to the PCT-PLT transfusion. Four patients experi-
enced serious AEs following transfusion; however, no causal
relationship to PCT-PLT transfusion could be established.
All AEs regardless of the relationship with the PCT-PLT

. transfusion occurred within 4 h after the start of the platelet

transfusion (mean time:.0:3 + 051 h, 0-3-3 h). The majority
of AEs (64, or 94-19% of 68 AESs] occurred in patients who were
not premedicated. The other four AEs occurred in patients
who were premedicated with antipyretic or antihistaminic
drugs, or corticosteroids.

Characteristics of clinical signs and symptoms

- associated with adverse event

On a per-transfusion basis, the most frequently observed
symptoms/signs (2 0-1% of the total 7437 transfusions) were
fever, chills, urticaria, dyspnoea, nausea and/or vomiting

[Table 2). The individual incidence of each of the following

signs/symptoms was < 0-1%: itching, hypotension, skin rash,
respiratory distress, lower back pain, chest or abdominal

© 2008 The Author(s)

paln, shock and-tachycardia. All additional symptoms
included in' the category of other, such as refractoriness to
platelet transfusion, hypertension, cephalea, pain in the leg,
flush, malaise, cyanosis, oxygen desaturation and volume
overload were also reported but with an individual incidence

of less than 0-19. Most of ATRs were described principally as .

Grade 1 chills and urticaria {Table 2).

On a per-patient basis, the most frequently observed
symptoms/fsigns (2 0-5% of ‘the total 1400 patients) were
fever, chills, urticaria and dyspnoea (Table'2). Approximately
0-1-0-4% of the population (from 2 to 5/1400) experienced
the following signs/symptoms: skin rash, nausea/vomiting,
shock, lower back pain and tachycardia. Clinical refractoriness

to transfusion, hypertension, headache and flushing were -

additional symptoms reported-in the category of ‘other’ Less
than 0-1% of the study population (only 1/1400} experienced
the following signs/symptoms such as hypotension, itching,
respiratory distress and chest/fabdominal pain. Symptoms
such as pulse increase, leg pain, cyanosis, oxygen desaturation,
malaise and/or volume overload were also reported in the
category of ‘other. Most of the ATRs consisted of various
combinations of fever (0-4%}, chills (2-0%), urticaria (0-9%),
skin rash (0-3%), dyspnoea (0-4%), nauseafvomiting (0-2%],
tachycardia [0-19) and others symptoms {0-7%) (Table 2}.
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Serious adverse events following platelet
transfusion -

During the course of this surveillance, five serious’ AEs
were reported following transfusion of PCT-PLT (0-07%,
95% Ci:.0-0-0-2). These 'serious AEs were assessed by the
investigators as being ‘unrelated or probably unrelated' to
the PCT-PLT transfusions and were attributed to progression
of underlying illness.

Patient BO1-201 was admitted to hospital for a presumed
pulmonary infection postchemotherapy. Additional co-
morbidities at the time of admission were septic shock, acute
renal insufficiency, neutropenia -and thrombocytopenia.
Intravenous (i.v.) antibiotic therapy was initiated and multiple
transfusions of blood products (including PCT-PLT} were
administered.. One hour after administration of the second
platelet unit, the patient complained of dyspnoea, respiratory
distress was found to be hypotensive and tachycardic, Severe
volume overload was determined to be the aetiology and
treatment with oxygen, diuretics, and dialysis was initiated.
The event was assessed by the investigator to be unrelated to

| the PCT-PLT transfusion.

Patient J01-382 experienced chills, nausea and sudden
hypotension during transfusion with PCT-PLT. Prior to this,
the patient had received at least four PCT-PLT transfusions
with no AE. The transfusion was stopped and the patient was
treated with i.v, fluids and Tecovered. Four days later, the
patent experienced a second hypotensive episode after trans:

- fusion, which was spontaneously resolved. Subsequent to this,

the patient received 19 additional PCT-PLT transfusions

without any clinical sequelae. This patient did not receive any

angiotensin-converting enzyme (ACE) inhibitors, Based on the
patient's history and the lack of transfusion reaction with the
subsequent transfusions, the investigator assessed both of
these events as probably unrelated to PCT-PLT transfusion.

PatientJ01-516 was admitted for ischaemic cardiomyopathy
and underwent double vessel coronary artery bypass graft
(CABG). The patient’s postoperative recovery was complicated
by a significant decrease in blood pressure, which occurred 10
min after start of transfusion of PCT-PLT. Despite vasopressor
support and a 6-min period of circulatory arrest, the patient’s
condition continued to deteriorate and he died, Cause of death
was attributed to-an aortic dissection with major disseminated
intravascular coagulopathy and mesenteric infarct and was
assessed by the investigator as unrelated to the PCT-PLT
transfusion. ) ) '

Patient J01-780 experienced a hypotensive episode, cyanosis,
oxygen desaturation and nausea approximately 30 min after
receipt of PCT-PLT. The pétient received oxygen therapy to
treat the event and recovered. The patient had received two
units of PCT-PLT before and one unit after this event with no
adverse reactions, The patient had a history of hypotensive
episodes, which occurred in the absence of transfusions.

Based on the patient’s history, the event was assessed by the
investigator as probably unrelated to the PCT-PLT transfusion.

Risk factors associated with adverse event.

The risk for AE was not correlated with the patient gender,
age, or antigen-matching, The risk for AE for patients who
already had been transfused before the first PCT-PLT trans-
fusion appeared trending higher compared to patients who
did not have any transfusion history; however, the difference

did not reach statistical significance (P = 0-0675; odds ratio:

1-875; 95% CI: 0-956-3-648). Buffy-coat-derived platelets
were associated with a lower risk for AE compared to apheresis
products (P'= 0-0305; odds ratio: 0-473; 95% Cl: 0-240-0-932),
Irradiated PCT-PLTs were of similar risk for AE compared to
non-irradiated PCT-PLTs (P = 0-0848; odds ratio: 6:344’ 95%
C1:0-776-51-862). No trending can be concluded because,
of the total 7437 platelet transfusions, only 8¢ PCT-PLT
components were y-irradiated in EFS-Bretagne and EFS-
Auvergne-Loire. Haematology-oncology patients treated
with conventional chemotherapy were at a higher risk for AE
compared to the other patients {P<0-0001; odds ratio: 7-660;
95% CI: 3-014-19-467).

Number of transfusions prior to the. firs
adverse event : :

Among the 45 patients who experienced at least one- AE,
repeated exposure to PCT-PLT did not appear to increase the

likelihood of a transfusion reaction (Table 3). By using the’

non-survival analysis method (a subset analysis for patients

with any AE only), the mean number of transfusions before -
_ first AE occurrence was 8:8 £.10-1 (median = 4, minimum = 0

and maximum = 37}.

Discussion

In accordance with the recommendations made by the panel of
the Canadian Consensus Confererice, an active haemovigilance
programme has been implemented in Europe to document
the occurrence of AE following transfusion of PCT-PLT {g].
To date, twb reports have been prepared. The first report was
on the transfusion of 5106 PCT-PLT components administered
to patients in five European centres from October 2003 to
Deceimber 2005 [4]. The second report as described here was
on additional 7437 transfusions of PCT-PLT administered to
patients in seven European centres between May 2005 and
January 2007. This represents a total of .12 543 independent
transfusions documented to date. Thete are no overlaps of PCT-
PLT transfusions reported in this haemovigilance programme.

Overall, the incidence of ATR attributed to transfusion of -

PCT-PLTin both of the haemavigilance reporting periods was
infrequent eitheron a per-transfusion basis (0-8% first period

"© 2008 The Author(s)
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+ Table 3 Number of PCT-PLT transfusmns per patient prior to the first
-adverse event (AE)

Number of PCT-PLT transfusions Full analysis population

per patient untll first occurrence of AE B {n = 1400)
1 11 {0-799%)
2 6 (0:43%}
3 3(0-2106)
4 3{0-21%)
5 1 (0-07%)
6-10 9 {0-64%}
n-19 . 6 {0-43%)
220 X . 6 {0-43%)
N {non survival analysis method) 45

Mean 1 SD 8:8£ 101
Median 4
Minimum-maximum 0-37

vs, 0-7% second period) or on a per-patient basis (4-9% first
period vs. 2-8% second period). The slightly higher occur-
rence of ATR per patient in the first reporting period was not

. surprising, because the mean number of transfusions per -

patient (7-8 £ 162) [4] was greater than those observed in the
second period (5-3 £ 10-8). All ATRs were mild in severity and
of Grade 1 or lower. No serious AE from both study periods
were attributed specifically to transfusion of PCT-PLT.

On a per-transfusion basis, the prevalence of ATR has been
reported in the literature to range-from 18 to 31%; however,
these studies were conducted some years ago with variable
methods of platelet preparation. [10-13). More recently, the

-incidence of moderate and severe ATR has been reported from
the trial to reduce alloimmunization to platelets (TRAP) study,
which examined 8769+platelet transfusions in 598 patients
during induction therapy for acute leukaemia-{14]. In the TRAP

study, platelet components were prepared by four methods:

unfiltered pooled whole blood-derived platelets in plasma;

filtered pooled whole blood-derived platelets in plasma;

unfiltered pooled whole blood-derived platelets in plasma

treated with ultraviolet B illumination to reduce human
leucocyte antigen sensitization; and filtered apheresis plate-

lets in plasma. None of these companents were prepared with

additive solutions, The overall incidence of ATR was 2:2% of

transfusions, and 22% of patients experienced at least one
ATR. In comparison to the TRAP trial, thé current study in
which all grades of reactions were reported, both the proportion
‘of transfusions associated with a reaction was lower (07%)
as well as the proportion of patients {2:8%) experiencing at

least one ATR, The use of 65% InterSol, a platelet additive

solution, in the preparation of PCT-PLT may partially con-

tribute to the reduction in the observed incidence of ATR {15].

The incidence of ATR in this study can be compared to data

from the haemovigilance network in France [7]. In France,

© 2008 The Author(s)

data were reported for transfusion réactions, with an incidence
of four events per 1000 platelet components {0-4%), during
2 years in which the reporting system was first implemented.
However, this may be an underestimate since each whole
blood platelet concentrate in a pool was tabulated as an
individual component transfusion. More recently, Kerkhoffs

et al. [16) compared the incidence of transfusion reactions.

for leucoreduced pooled platelet components in plasma and
plasma with additive solution in a study of 168 patients and
765 transfusions. They observed an incidence of 5:5% of
transfusions with reactions for platelets in plasma vs. 2:4%
of transfusions for platelets in a mixture of plasma and
additive solution, On a per-patient basis,’9-5% of patients
transfused with platelets in plasma plus additive solutions
had reactions compared to 15-5% of patients supported with
platelets suspended in plasma. These results further support
the role of the platelet additive solution, InterSol, in the
reduction of ATR observed in this study.

During the conduct of this study, an interim analysis of

2497 PCT-PLT transfusions administered to 606 patients in

the three regions of France (EFS-Alsace, EFS-Auvergne-Loire
and EFS-Bretagne) was performed [5]. Of the 606 patients, the
predominant. recipients of PCT-PLT were haematology-
oncology patients (46-20%); 39-9% treated with chemotherapy
and 6:3% treated with stem cell transplantation. These propor-
tions were only slightly lower than those in the overall study
population of 1400-patients, yet only four of the 606 patients
(0-7%) reported an AE, including one serious AE of volume
overload classified as unrelated to PCT-PLT transfusion. This
low rate of AE observed in the French regions could contribute
to the overall Jow incidence of ATR per patient in this study.

Prémedication in patients did not play a role in the overall
low incidence of ATR reported in this study. Information on
premedication was only requested in case of AE occurrence.
Of the 68 transfusions with occurrence. of at least one AE,
only two antipyretic, two antihistaminic and one corticosteroid
were prescribed to patients. For the majority -(64/68, or
94 1%} of these transfusions, patients were not premedicated.

The active haemgvigilance programme described here
is 2 prospective observational study, which was designed to
assess the safety profile of PCT-PLT in routine clinical

" practice, The data from this programme represent the largest

prospective experience to date for recording potential AE
associated with platelet transfusions compared to prior studies
of retrospective design and limited in size [10,16-18]. The
present study was designed to be consistent with European
haemovigilance practices in which reporting of all.grades of
transfusion-associated reactions has been emphasized
{7,8]. In contrast to other haemovigilance studies, obligatory
reporting for all platelet transfusions was required irrespec-
tive of whether or not an AE was observed. The current study
focused on-AE that could be linked to PCT-PLT transfusions
after starting transfusion; but there were no specific limitations
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on when adverse events could be reported following

transfusion, Based on the patient population supported -

with platelet transfusion, the'study was designed to capture
repeated transfusions of PCT-PLT within patients to determine
potential effects of repeated exposure to this new type of
platelet component.

A limitation of the present study is the absence of a
concurrent control group receiving conventional platelet
components with which to determine a comparétive baseline

incidence of ATR. However, because reporting is obligatory, -

the expected outcomes of this active haemovigilance study
are the increase in clinical experience with transfusion of
PCT-PLT, the detection of unexpected AE following PCT-

" PLT transfusions in-patient populations and for indications

that wére not studied previously in a formal clinical trial
envxronment, and.the establishment of a safety database for
future reference:

In the current study, which was specifically deslgned to
capture al} grades of transfusion reactions, the prevalence of
ATR per transfusfon, was at the lower range of those reported
in studies with conventional components: Prior exposure to
PCT-PLT transfusions did not increase the likelihood of an ATR.

The overall incidence of ATR was lower than that previously -

reported either on a per-transfusion or on a per-patient basis.
Based on experience in a broad patient population, platelet
components prepared with amotosalen photochemical treat-
ment were well-tolerated in routine clinical practice. ’
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TRANSFUSION COMPLICATIONS

- Transfusion of platelet components prepared with
photochemical pathogen inactivation treatment during a
Chikungunya virus epidemic in Ile de La Réunion

Patrice Rasonglés, Marie France Angelini-Tibert, Philip Simon, Caroline Currie, Herve Isola,
Dandiel Kientz, Marc Slaedts, Michele Jacquet, David Sundin, Lily Lin, Laurence Corash, and
Jean Pierre Cazenave

" BACKGROUND: During the Chikungunya virus
_ (CHIKV) epidemic on ile de La Réunion, France, more
> | than 30% of 750,000 inhabitants were infected. Local
blood donation was suspended 1o prevent transfusion-
transmitted Infection (TT-CHIKV). To sustain the avail-
ability of platelet (PLT) components, the Etablissement
Frangais du Sang implemented universal pathogen
inactivation (INTERCEPT, Cerus Europe 8Y) of PLT
components (CPAs). The study assessed the safety of
- PLT components treated with pathogen inactivation
transfused in routine clinical practice. .
STUDY DESIGN AND METHODS: This was a retro-
spective observational study using patient medical
records and the AFSSAPS hemovigilance database
(eFIT) to identify TT-CHIKV and adverse events. (AEs)
" classified as acute transfusion reactions (ATRs) to PLT
.components prepared with pathogen inactivation.
RESULTS: During 1. year, 1950 INTERCEPT-CPAs
were transfused to 335 adult, 51 pediatric, and 41 infant
patlents. Nineteen AEs were observed in 15 patients
" and 10 were classified as ATRs. Eight. ATRs occurred in
6 pediatric hematology-oncology patients. No ATRs
were observed in-infants. The most frequently reported
signs and symptoms were Grade 1 urticaria, itching,
chills, fever, and anxiety. No cases of transfusion-
related acute lung Injury, TT-sepsis, or TT-CHIKV were
detected.
CONCLUSIONS: INTERCEPT-CPAs were well toler-

incidence was low and when present ATRs were of mild
severity.

ated In a broad range of patients, including infants. ATR -

tarting in 2005, an epidemic of Chikungunya

virus (CHIKV) in the overseas French department

of lle de La Réunion, anislarid in the South Indian

Ocean, resulted in the infection of more than
one-third of the 750,000 inhabitants by early 2006.! CHIKV
is an enveloped single-stranded alpha virus from the
Togaviridae family transmitted by Aedes mosquitoes. It
generally causes a mild febrile illness characterized by
arthralgias lasting up to 10 days, but the recent epidemic
was associated with myalgias, dermatitis, hemorrhage,
meningoencephalitis, respiratory failure, cardiovascular
decompensation, and fulminant hepatitis with persistent
arthralgias in some patients.” Subsequently, more than
700 ‘cases of CHIKV infection were reported in metro-,

politan France among returning travelers, and 1 infection °

ABBREVIATIONS: AE(s) = adverse ’évem(s): ATR(s} = acute
transfusion reaction(s); CHIKV = Chikungunya virus;

" CPAls) = apheresis platelet comp (): CRF(s) = case report

form(s); EFS = Etablissement Frangais du Sang; SAE(s) = severe
adverse event(s); TT = transfusion transmitted.
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after needle stick of a health care worker.** Owing to the
high prevalence of CHIKV infection and the potential for
transfusion-transmitted (TT) infection, the Etablissement
Frangais du Sang (EFS [French National Transfusion

.Service]) suspended blood donation on lle de La Réunion

to prevent TT-CHIKV.! To meet the requirements for safe
blood components on Ilé de La Réunion, red blood cells
and plasma componerits (fresh-frozen plasma) were sup-
plied by EFS from metropolitan France. Because of the
limited shelf life (5 days) of platelet (PLT) components,
EFS-La Réunion' implemented pathogen inactivation

preparation of apheresis PLT components (CPAs) to main-

tain local PLT component supplies.’

Prior research studies had demonstrated that CHIKV
was inactivated by photochemical treatment with amo-
tosalen HC! and UVA light (INTERCEPT Blood System for

_ platelets, Cerus Europe BV, Amersfoort, The Nether-

lands).® In addition, this system had been shown to
inactivate high levels of a broad spectrum of viruses,
bacteria, protozoa, and white blood cells (WBC) in PLT
components.”® The INTERCEPT system received CE Mark

. registration as a Class III drug device and as of 2005

received approval from the Agence Francaise de Sécurité
Sanitaire des Produits de Santé (AFSSAPS, Frenich Agency
of Medical Safety of Health Products) for use with both
apheresis- and whole blood-derived PLT components in
France.: ’

The INTERCEPT Blood System was implemented in
routine practice as of March 13, 2006, by EFS-lle de La
Réunion. To date, approximately 4000 INTERCEPT-CPAs
have been administered to a broad range of patients on
lle de La Réunioh. After the first year of routine use of
pathogen inactivation ‘to prepare. PLT components, we
conductéd a retrospective analysis of the response to
transfusion ‘of LSSI) componerits to determine the inci-
dencé of acute transfusion reactions (ATRs) and serious
adverse events (SAES) attributed to use of this novel com-
ponent, In ‘addition, we determined the incidence of
TT-CHIKVinfection for the first year after implementation

- of .pathogen inactivation treatment during the CHIKV

epidemic. o :

MATERIALS AND METHODS

Collection of PLT components . .

Before introduction of the INTERCEPT system, CPAs were
the sole type of PLT component provided by EFS-La
Réunion. All CPAs were collected in donor plasma with
integral filtration leukoreduction (Haemonetics, Brain-
tree, MA). After introduction of INTERCEPT, PLTs were

collected in approximately 40% donor plasma.and 60%

PLT additive solution (InterSol, Fenwal, La Chatre, France)
from donors with PLT counts of 250 x 10°/L or more using
a blood component collection system (Haemonetics

- MCS+ system with the CSDP software) to allow automatic
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addition of InterSol. The targeted PLT dose per collection
was 4.0 x 10" or greater. WBC contamination was reduced
by filtration with an integral WBC filter (Haemonetics).
In addition to standard viral screening tests, donors
were tested for CHIKV infection by an investigational
reverse-transcriptase ‘polymerase chain reaction assay
(RT-PCR) > -

Pathogen inactivation treatment of PLT

components

CPAs containing 2.5x 10" to 6.0 x 10" PLTs in 300 to
390 mL of approximately 40% plasma and 60% InterSol
were prepared with- pathogen- inactivation using the
INTERCEPT processing system (INT2202, Cerus Europe
BV) according to manufacturer's instructions for use.
Briefly, a unit-of CPA'was mixed with amotosalen (nominal
final concentration of 150 umol/L) and illuminated with
long-wavelength ultraviolet UVA (320-400 nm) light for a
3-}/cm? treatment. The illuminated PLT mixture was incu-
bated in a compound adsorption device in a temperature

controlled PLT shaker/incubator (22 + 2°C) for 6 to 16 -

hours before transferring to the final storage container.

Treated CPAs were stored for up.to 5 days under standard -

blood bank conditions before issue for transfusion.

Hemovigilance surveillance

General study design - :
This was a retrospective analysis of data recorded pro-
spectively in primary care medical records and as. part
of the AFSSAPS active hemovigilance surveillance pro-
gram."! There were no patient inclusion or exclusion cri-
teria other than the requirement for PLT transfusion. All
patients who received PLT transfusion support during the
defined study period were included in the analysis, Case
report forms (CRFs) were used to collect patient data’? on
each transfusion. of INTERCEPT-CPAs between March
13, 2006, and March 13, 2007, regardless of whether an
adverse event (AE) was reported. ’
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The primary endpoint of the study was the propor-

tionl of transfusions with ATR after administration of PLT
components, ATRs were defined as AEs possibly related,
probably related, or related to a PLT transfusion. SAEs
were defined as AEs that were fatal, life-threatening, or
disabling; resulted in or prolonged hospitalization .or
morbidity; or-were incapacitating, Secondary endpoints

. included evidence of acute TT-CHIKV infection (based on

nucleic acid amplification of viral sequences). All trans-
fused patients were monitored for 7 days after each trans-
fusion for potential TT-CHIKV infection using standard
EFS operating procedures,’® Data also were collected on
use of INTERCEPT-CPAs by patient primary diagnosis cat-
egory and clinical indication for transfusion.



" Data collection methods

All patients transfused with’ PLTs prepared by EFS-La
Réunion from March 13, 2006, through March 13, 2007,
were identified from the EFS-La Réunion electronic data-
base for the collection, production, and issuance of blood
components. Each patient was identified with a unique
study number to preserve anonymity. The following data
were collected: PLT product code; patient unique identifi-
cation number associated with the component, patient
"demographics (age, sex), and primary diagnosis based
on clinical care area; primary therapy (chemotherapy,
hematopoietic stem cell transplant); surgery (cardiovas-
cular or organ transplant); or other (general medical or
multisystern organ failure).

Primary care medical records of each patient were

reviewed for the 24 hour period before each transfusion to
‘establish a baseline profile of the patient's clinical condi-
tion, for 7 days after each PLT transfusion to identify new
AEs arising after transfusion, and to record the relation-
ship of AEs to PLT transfusion in the primary medical
record as assessed by primary care physicians. This review
was conducted by an observer without knowledge of AEs
reported in the AFSSAPS hemavigilance system (eFIT).!
For the 24 hours before and for the 7 days after each PLT
transfusion, medical records were specifically reviewed
for evidence of clinical conditions that could be attributed
to transfusion-related reactions, including fever (increase
in temperature of 2 or 1°C with chills), chills, nausea, skin
rash, urticaria, dyspnea, bronchospasm, tachycardia or
bradycardia (change in heart rate by >25 bpm), hypoten-
sion or hypertension (decrease or increase in systolic or
diastolic blood pressure >30 mm Hg, respectively), hemo-
globinuria, hemolysis, and change in general well-being.
Specific criteria were provided. for ‘the diagnosis of
transfusion-associated acute lung injury (TRALI).'® Clini-
cal microbiology laboratory records were reviewed for
documentation of transfusion-associated sepsis, The
diagnosis of transfusion-associated sepsis required the
isolation of the same bacteria species from the patient and
the implicated PLT component.

Transfusion CRFs were completed for each PLT trans-
fusion regardless of whettier or not an AE was noted in the
medical record. In case of the occurrence of an AE, addi-
tional clinical and biologic information as well as test
results for CHIKV infection (nucleic acid testing {(NAT] by

. RT-PCR) were collected. These data were used by the
medical record reviewer for assessment of causality and
severity based on the medical record. Clinjcal severity of
AEs was classified according to the following scale: Grade
0 =isolated dysfunction without clinical or bijologic
manifestation; Grade 1 = absence of immediate or long-
term life-threatening effects; Grade 2 =long-term life-
threatening effects; Grade 3 = immediate life-threatening
effects; and Grade 4 = death. The relationship of AEs to the
most proximate PLT transfusion was classified using the
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same cmena as used by the AFSSAPS. hemovxgﬂance
system."!

The standardized CRFs had been validated in a prior
hemovigilance study.' Data from the CRE were entered

into an independent electronic’ database used . for

postmarketing hemovigilance programs'*'* and reviewed
by the principal investigator for incomplete data. At the
conclusion of the study, AEs classified as transfusion reac-
tions based on review of the primary care medical records
were compared against AEs previously repotted under the
AFSSAPS hemovigilance program recorded in the eFIT

database'! to determine the total incidence of AEs attrib- -

uted to PLT transfusion. These data were then ana]yzed to
determine the mc1dence of ATRs.

Statistical analyses

A statistical analysis plan for the study was prepared
and approved before analysis. All statistical analyses,
summary tables, and data listings were generated using
computer software (SAS, Version 8.2, SAS Institute, Cary,
NC). The primary assessment was the incidence of
transfusion reactions. The number and proportion (%) of
transfusions and the proportion of patients with one or

-more transfusion reactions were summarized overall, by

seriousness and by relationship te PLT transfusion, Corre-

sponding 95% confidence intervals (Cls) for the binomial -

proportion were calculated using the F distribution-
method. The 95% CI were based on number of patients
with any AE/ATR and the number of transfusions associ-
ated with any AE/ATR. In addition, the patient population

_profile, the characteristics of the PLT components, and the

characteristics of the AEs after PLT transfusion were ana-
lyzed. Analyses to identify risk factors potentially associ-
ated with transfusion reactions weré conducted using
multivariate Jogistic regression analysis and by assessing
association ata 10%significance level. Data were analyzed

_ on a per-transfusion and a per-patient basis. All INTER-

CEPT PLT components administered to patients-were part

of the full analysis population and were analyzed, whether.

or not an AE was observed. All analyses were conducted
using this full analysis population; '

RESULTS

" PLT component characteristics

Each CPA was treated with pathogen inactivation using

. the INTERCEPT Blood System on either Day 0 or Day 1

after PLT collection and stored for up to 5 days before
release for transfusion. PLT components were released
after completion of serologic and NAT. Pathogen inactiva-
tion treatment was used without bacteria detection
other than routine quality control (QC) assays. Pathogen
inactivation treatment replaced cytomegalovirus (CMV)
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se}ology for patients who required CMV-safe PLTs and
replaced gamma irradiation for prevention of transfusion-
associated graft-versus host disease.

The INTERCEPT process resulted in a mean PLT loss
of 7.8% dute to volume loss during container transfers, The
mean PLT yield of INTERCEPT-CPAs was 4.2x 10" =

" 0.7% 10" PLTs per component. The residual WBC count

met the national -QC requirement (<0.5x 10%/unit).
Approximately 15% of PLT components were divided into
2 upits before transfusion to fulfill clinical demand. The
proportion of split PLT components was similar to that

inactivation.

Patient demographlcs
Between March 13, 2006, and March 13, 2007 a total of
1950 TNTERCEPT-CPAs ‘were transfused to 427 patients
(Table 1). Each patient received at least one INTERCEPT-
CPA. The patient population consisted of 335 adult
patients (>18 years), 51 pediatric patients (=1 to <18
years}), and 41 infants (<1 year). There were more male
patients in each age group (Table 1),
Hematology~oncology disorders treated with chemao-
therapy and stem cell transplantation constituted 29.0%
of the primary diagnoses among the transfused patient
population and these patients received 61% of the PLT
components (Tables 1 and 2). The largest patient group
supported with PIT.components was the general medical
population (58.5%), but they received only 30% of the PLT

‘in the period before unplememanon of pathogen‘

components, A number of patients receiving PLT trans-

fusiens (12.2%) underwent major surgical proce-
dures including cardiovascular surgery or solid organ

transplantation, Among the pediatric patient group, the _
proportion of hematology-oncology patients (66.7%) was
significantly higher (p=0,001) than among the -adult
patient group (26.3%).

Approximately half of the patient population (51.5%)
received transfusions in intensive care units and the other
half (48.5%) were transfused on non-intensive care hospi-
tal services. (Table 1), There were no outpatient transfu-
sions in the current surveillance program. Subgroup
analysis showed that, while most of the pediatric patients
(78.4%) were transfused in non-intensive care hospital

‘wards, the majority of infants (90.2%) were transfused on

intensive care units.

PLT transfusion exposure

Approximately 53% of patients had a prior hlsmry of
transfusion exposure to some blood comporient. The
median number of PLT transfusions per patient was 2.0

" (range, 1-66; Table2). Of 1950 PIT transfusions, 1372

transfusions were administered to adult patients while
487 and 91 transfusions were administered to pediatric
patients and infants, respectively. Based on the respec-
tive patient population, 36 to 47% of patienits received
two or more PLT transfusions. The number of transfu-
sions per pediatric patient (9.5 * 14.7) was significantly
higher. (p < 0.001) compared to those in the adult popu-,
lation (4.1 * 6.2) while the opposite was true for infants
(2.2 * 2.4, p <0.002). Based on primary dlagnosis cat-

. egory; hematology-oncology patients in all age groups

received a higher proportion of PLT transfusions
per patient than those in other diagnosis groups
(Table 2).

TABLE 1. Demographics of pati transfused with INTERCEPT-CPAs*
Demographic Patients (n = 427) Adult (n = 335) Pediatric { = 51) infants (n = 41)
Gender . . . .
Male : ’ 262 (61.4) 202 (60.3) 35 {68.6). 25 (61.0)
Female o 165 (38.6) 133 (38.7) 16 (31.4) 16 (39.0)
Aga (years) - . '
Mean * SD . 424 x248 528 = 17 1. 94 =53 NAt *
Median . 46.0 53.0 “ 100 © NAY
Range <1to 87 >18 to 87 1t018 <1
Care location . : .

Intensive s . 220 (51.5) 172 (51.3) 11 (21.6) 37 (90.2)
Nonintensive 207 (48.5) 163(48.7) 40 (78.4) . 4(9.8)
Hematology-oncology primary therapy 1244 (29.0) 87 (26.3) 34 (66.7) . C3(7.3) .
Conventional chemotherapy X : 102 (82.2) 69 (79.3) 30 (88.2) . 3 (100}

Stem cell transplant : 14 (11.3) 10'(11.5) 4 (11.8) 0(0)
Surgery §2(12.2) - 48 (14,3) 3(5.9) 1(2.4)
Cardiovascular 49 (94.2) 45 (93.8) 3 (100) . 1{100)
Solid organ transplant . 3 (5.8 3(6.2) o - o(0) ‘
General medical . . E . 250 (58.5) 199 (59.4) ° 14 (27.4) 37 (80.3)
Missing diagnosis ) 1(0.2) 1(0.3) 0(0) 00 -
* The number of patients. (n) and the proportion (%) within sach category are presemed.
1 Age for infants was only recorded as <1 year. NA = not applicable;
$ Eight adult patients had no active therapy specified at time of transfusion,
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TABLE 2. Transfusion exposure among patient populations
Population All patients (n = 427) Adult patients (n = 335) Pediatric patients {n = 51) Infant patients (n =41)
All patients
Transfusions (n) 1950 1372 487 91
Mean * SD 46=77 4.1:x62 .85 147 2224
Median 20 2.0 4.0 1.0
Range 1-66 1-46 1-66 -1
Hematology-oncology '
Transfusions (n) - 1192 738 446 8
Mean = SD 9.6 =117 8589 131168 : 27=x29
Median 6.0 6.0 6.5 1.0
Range 1-68 1-46 1-66 - 1-6
Surgical
Transfusions (n) 149 135 8 6
Mean = SO 2836 2837 . 27x18 6000
Median 20 20 3.0 6.0
Range 1-24 1-24 1-4 . 6.0
General medical :
Transtusions (n) 586 486 33 77
Mean = SD 24386 124 38 2428 | 2123
Median 1.0 1.0 1.0 : 1.0
Ran 1-87 1-37 1-11 A1
Missing diagnoses :
Transfusions (n) 13 13 1] 0
Mean + SD 13000 13.0 £ 00
Median 13.0 13.0
Range 13 - 13
TABLE 3. Clinical characteristics of AEs and ATRs among populations*
All patients (n = 427) Adult patients {n = 335) Pediatric patients {n = 51}
Transfusions {n = 1950) Transfusions (n = 1372) Transfusions.{n = 487)
Characteristic ‘Any AE ATRs Any AE ATRs - Any AE- - ATRs
Patients with 1 or SAE 15 (3.5) 8(1.9) 6 (1.8) 2 (0.6) S (17.6) 6 (11.8)
Transfusions with 1 or >AE 19 {1.0) 10 (0.5) 6(0.4) 2(0.1) 13'27) 8{1.5)
.. Signs/symptoms per transfusiont . . )
Fever _ 5(0.3) 1(<0.1) 2(0.1) 1 (<0.1) 3(0.6) 0
Chills 7 (0.9) 2(0.1) 4(0.3) 20.9) 3 (0.6) 0
-ltching 5{0.3) 4(02) - 1{<0.1) N 4(0.8) 4(0.8)
Urticaria 7 (0.4) 6 (0.3} 1(<0.1) 0 6(1.2) 6(1.2)
Dyspnea 1 {<0.1) 0 1 (<0.1) [} 0 0
Anxisty 4{0.2) 0 2(0.1) 0 2(0.4) . 0
Other 6 (0.9) 2(0.9) 1(<0.1) 0 5(1.0) 2{0.4)
Signs/symptoms per patientt . i .
Fever 4(0.9 1(0.2) 2(0.6) 1(0.3) 239 o
Chills 5(1.2) 2(0.5) 4(1.2) T 2(08) 1(2.0) .0
Itching 5(1.2) 4 (0.9) 1(0.3) . 0 4(7.8) 4(7.8)
Urticaria 5(1.2) 4(0.9) 1(0.3) 0 4 (7.8) 4(7.8)
Dyspnea 1{0.2) [} 1(0.3) 0 0 0
Anxiety 4(0.9) 0~ 2(0.6) [} 2(3.9) | 0
Other 6 (1.4) 2 (0.5) 17{0.3) [ 5 (9.8) 2(3.9)
* Data are reported as number (%). No AEs were reported for infant patients; thus, these patients and transfusions are not included in this
table.
1 Number of signs/symptoms can exceed number of AEs due to multiple observed signs/symptoms per AE.
ATR = causal relationship that an AE was possibly related, probably reiated, or related to INTERCEPT-CPA transfusion,

AEs and ATRs after PLT transfusion

The incidences of AEs and ATRs were evaluated on a per-
transfusion as well as per-patient basis (Table 3). On a
per-transfusion basis, 19 transfusions (95% CI, 1.0%-
1.5%) were associated with an AE. Of these AEs, 10 (95%
Cl, 0.5%-0.9%) were classified as ATRs possibly, probably,
or related to INTERCEPT-CPA transfusion. No SAEs, no

cases of TT-sepsis, no cases of TRALI, and no deaths due
to INTERCEPT-CPA transfusions were reported. On a
per-patient basis, 15 patiénts (95% CI, 3.5%-5.7%) who
received at least one transfusion of INTERCEPT-CPAs
experienced an AE after PLT transfusions (Table 3):
Only 8 patients (95% CI, 1.9%-3.6%) experienced
an ATR attributed to INTERCEPT-CPA transfusion
(Table 3),
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.

Overall patient population:
characteristics of clinical signs
and symptoms associated with

T)\BLE 4. Effect of split components on the frequency of AEs and
ATRs* :

. - Component Transfusions AEs ATRs
PLT transfusion
transtusion . . Spiit INTERCEPT-CPAS ] 540 T 2(04) 0(0)
Of all AEs, on a per-transfusion Whole INTERCEPT-CPAS 1410 : 17 (1.2) 10 (0.7)
basis, the ‘inost. frequently observed Total

symptoms/signs (0.3%-0.4% of 1950°
transfusions) were fever, chills, itching,

* Data are reported as number (%),

1950 19 (1.0 ’ 10 (0.5)

and urticaria (Table 3). ‘Anxiety (0.2%)

‘was the second most frequently reported symptom/sign.

Only one incident of dyspnea was reported. Additional
symptoms in'the category of “other” included tachycardia,
facial flushing, body pain, and cough, but with an indi-

_vidua] incidence of 0.1% or less of transfusions. Most of

the-ATRs were described principally as Grade 1 urticaria

(0.3%) and itching (0.2%) with all other symptoms/signs

observed at arate of 0.1% or less of transfusions.
On a per-patient basis, the most frequently observed
symptoms/signs (1.2% of 427 patients) were chills, itching,

and urticaria (Table 3). Fever and anxiety (0.9%) were the -

second most frequently observed symptoms/signs. One
patient (0.2%) experienced a singlé episode of dyspnea,

Additional symptoms in the category of “other” included -

tachycardia, facial flushing, body pain, and cough, each

“ with an individual incidence of 0.5% or less on a per-

patient basis. Most of -ATRs were described as Grade 1
itching (0.9%), urticaria (0.9%), and-chills (0.5%) withi all
others observed atarate of 0.2% or less per patient.

Characteristics of AEs and ATRs in pedlalric
patients -

Pediatric patients’ experience‘d a higher incidence of AEs
than adult patients (Table 3). On a per-transfusion basis, -

13 AEs (2.7%) and 8 ATRs (1.6%) occurred ‘in pediatric
patients:.compared to 6 AEs (0.4%) and 2 ATRs (0.1%) in

adult patients. On a per-patient basis, 9 pediatric patients

(17.6%) experienced at least 1 AE compared to 6 adult
patients (1.8%). Similarly, 6 pediatric patients (11.8%)
experienced at least 1 ATR compared to 2 adult patients
(0.6%).

For all AEs reported  in pediatric patients, the
symptomslslgns were predominantly Grade 1 in severity
consisting of fever, chills, itching, urticaria, anxiety, tachy-
cardia, and facial flushing (Table 3). For pediatric patients
experiencing ATRs, thg symptoms/signs.included itching,
urticaria, tachycardia; and facial flushing, none of which
were reported in adult patients. No AEs were associated

with the 91 INTERCEPT-CPA transfusions administered to -

41 infants who required PLT support.

‘Characteristics of AEs and ATRs associated with

transfusion of split components
Of the 1950 transfusions, 540 INTERCEPT-CPAs were
obtained from a splitPLT component. The rates of AEs and
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ATRs on a per-transfusion basis for split components were
0.4 and 0%, respectively, compared to 1.2 and 0.7% for
whole components. Of the 19 AEs reported, only 2 AEs
(one in a 77-year-old male patient and one in a 16-year-
old male patient) were associated with transfusion of a
split INTERCEPT-CPAs (Table 4).

Incidence of TT-CHIKV

A substantial proportion of transfusions were adminis-
tered - to hematology-oncolagy patients treated with
potentially immune-suppressive therapy. T_here were. no
cases of TT-CHIKV reported in this survey based.on the
test results using an investigational assay for viral nucleic
acid or posttransfusion clinical observation for sxgns and
symptéms of CHIKV infection.

86

DISCUSSION

,CHIKV resulted in an epldemxc on La Réunion Island in

which approximately 41% of the population.was infected.
Serologic and epidemiologic surveillance studies esti-
mated the prevalence of asymptomatic infection at 15% of
total CHIKYV irifections.! Efforts to identify infected blood )
donors with either serologic assays or CHIKV specific
nucleic acid amplification assays have shown consider-.
able variability and suboptimal sensitivity.'* The mean risk
of contamination of a blood donation throughout the epi-
demic was estimated at 132 per 100,000-donations, and at
the peak of the epidemic, the risk-was estimated at 1,500
per 100,000 donations.! At the time of the current study,
optimal methods to detect infected donors with low viral
titers were not available, and a NAT with sensitivities of 40
to 350 copies/mL was only developed later.”® In.the period
of this study, collection of CHIKV-contaminated -PLTs
from asymptomatic donors was plausxble During the epi-
demic before usé of pathogen inactivation, two cases.of
TT-CHIKV were suspected, but neither case could be con-
clusively proven.® At least one blood-borne transmission
due to a needle-stick has been documented.*

This study accomplished multiple objectives. Fore-
most, it provided hemovigilance data to evaluate the
effectiveness of the INTERCEPT Blood System to prevent
PIT TT-CHIKV during an epidemic. These data are espe-

cially_rele\{ant given the specific association of CHIKV with '



PLTs,""!¢ which could lead to low detection sensitivity for
serum-based tests, In addition to evaluating the efficacy to
prevent TT-CHIKY, this study provided an opportunity to
extend the safety profile of INTERCEPT PLTs transfused
to a broad patient population. Finally, this study permit-
ted an evaluation of the operational logistics of the
INTERCEPT PLT system implemented under emergency
conditions. .

Data provided by EFS-La Réunion for the years 2004
and 2005 with conventional PLT components suspended
in 100% plasma indicated an"ATR incidence of 2.2 and
54% of PLT transfusions among heavily transfused
pediatric oncology-hematology patients, respectively.’ In
comparison, this study demonstrated a lower incidence
(1.6%) of ATRs per PLT transfusion. These results are con-
sistent with reported ATR frequencies reported for
INTERCEPT PLT components in routine use from multiple
European centers,'** but lower than the frequencies
reported for treated PLT components in the EuroSprite
(6%) and the SPRINT clinical trials (3%).2%%' The higher
incidence of ATRs observed in the clinical trials may have
been due to differences in patient populations, which in
the clinical trials consisted largely of heavily transfused
hematology-oncology patients undergoing hematopoietic
stem cell transplantation. Similar to previous studies, all
of the ATRs observed in the current survey were of mild
severity, and none were indicative of clinical CHIKV. It is
relevant to note that the size of this study was insufficient
to characterize the incidence of septic transfusion reac-
tions, although none were reported.

The clinical symptoms of CHIKV infection include

fever, severe polyarthralgia, myalgia, dermatitis, hemor-

thage, meningoencephalitis, respiratory failure, cardio-
vascular decompensation, and fulminant hepatitis with a
mortality rate of one in 1000 during the La Réunion epi-
demic.?? Thus, review of primary medical records should

have been sufficiendy sensitive to detect TT-CHIKV. No

TT-CHIKV cases were detected in the patient population
monitored in this study after implementation of the
INTERCEPT Blood System for PLTs.

The retrospective surveillance described in this
report provided an opportunity to evaluate the sengitivity
of the AFSSAPS active hemovigilance system'' to detect
transfusion-related AEs. We did not detect any-additional
transfusion-related AEs in our independent review of
primary medical records compared to the AFSSAPS/eFIT
database for transfusion-related incidents. This limited
experience is consistent with the sensitivity of the
AFSSAPS hemovigilance system in detecting transfusion-

- related AEs.

This study included a substantial number of pediat-
ric ‘patlents, some of whom were infants. None of the
prior studies with INTERCEPT PLT-components included
a substantial infant patient population. Interestingly,

- pediatric patients had the highest rate of AEs and ATRs

PATHOGEN INACTIVATION AND CHIKUNGUNYA VIRUS

after transfusion of INTERCEPT-CPAs. This finding may
not be surprising because the proportion of hematology-
oncology patients and the levels of PLT component
exposure were higher among pediatric patients. . On
the other hand, no AEs or ATRs were observed in
infants who received INTERCEPT-CPA transfusions
largely for nonmalignant medical disorders, but this
population was of limited size and less intensively
transfused.

The study also provided experience with the imple-
mentation and operational logistics of the INTERCEPT
system in a remote, small regional blood center. EFS-Ile de
La Réunion performs approximately 100 to 150 apheresis
PIT collections per month.® Complete conversion to
pathogen inactivation of PLT components was achieved in
2 weeks. In routine operation, no additional personnel
were required after implementation of the INTERCEPT
system.,

This is the first study to demdnstrate the utility of

pathogen inactivation as a proactive approach to prevent -

a potentially TT infection during an epidemic, The tech-
nology facilitated the availability of PLT components
that ‘otherwise were in limited supply. This experience
is relevant given the observation of imported cases of
CHIKV infection - in metropolitan France, Germany,
the United Kingdom, Belgium, Norway, the Czech
Republic, Canada, and.the United States**? and the
autochthonous outbreak of CHIK infection in the Emilia-

Romagna region of [taly.? The success of EFS-La Réunion'’

in implementing the INTERCEPT Blood System demon-
strates the utility of pathogen inactivation to support
the availability of labile blood components durmg an
epidemic.
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ROUTINE USE OF PATHOGEN INACTIVATED PLT COMPONENTS

Universal adoption of pathogen inactivation of plafelet
components: impact on platelet and red blood cell
' component use

Jean Claude Osselaer, Chantal Doyen, Laurence Defoin, Cecile Debry, Maité Goffaux,
Nathalie Messe, Maryse Van Hooydonk, Andre Bosly, Jin Sying Lin, Lily Lin; and Laurence Corash

BACKGROUND: Pathogen inactivation of plateiet (PLT)
components (INTERCEPT Blood System, Cerus
Europe) was implemented into routine practice at a
blood center supporting a tertiary care hospital. Utiliza-

. tion of platelet components (PCs) and red blood cell
(RBC) components was analyzed for 3 years before
and 3 years after introduction of pathogen inactivation
{o assess the impact of pathogen inactivation on com-

. ponent use.

STUDY DESIGN AND METHODS: This was & retro-
spective analysis of prospectively coliected data. An
electronic database used in routine blood bank hemo-
vigilance to monitor production and use of blood com-
ponents was analyzed to assess clinical outcomes.
RESULTS: Transfusion records were analyzed for 688
patients supported with conventional PCs and 795
patients supported with pathogen inactivation PCs,

. Additional analyses were conducted for intensively
transfused hematology patients. Patient demographics
(age category, sex, and diagnostic category) were not
diffsrant in the two observation periods. For all pa!ienté.
mean numbers of PC per patient were not difterent for
conventional PCs and pathogen inactivation PCs

" (9.9 = 19.5 vs, 10.1 +.20.9, p = 0.88). Data for hema-
fology patients (272 conventional PCs and 276 patho+
gen indctivation PCs) confirmed that days of PLT
support were not different (31.6 + 42,6 vs. 33.1 +'47.9,
p= 0.70) nor was total PLT dose (10") per patient
(87.3 = 115.4 vs. 88.1 * 111.6, p.= 0.93). RBC use, for
all patients and hematology patients, was not different
in the two observation periods, either during periods of
PLT support or outside periods of PLT transfusion
support.

CONCLUSION: Pathogen inactivation of PCs had no
adverse impact on component use during a 3-year
observation period of routine practice.

1412 TRANSFUSION Volume 49, July 2009

uring the past four decades multiple new pro-
cedures and practices have been introduced
to improve the safety and efficacy of platelet
(PLT) transfusion therapy. Technology inno-
vations for colléction and preparation have -included
plateletpheresis, preparation of whole blood-derived
buffy coat PLTs, additive solutions (ASs), process and fil-
tration leukoreduction, initial blood draw diversion, and
gamma irradiation.' Additional innovations to detect bac-

_ terial contamination,’ change the PLT transfusion thresh-

old,® reduce the incidence of alloimmunization,® and
change the PLT transfusion dose® have been evaluated in
clinical trials of varying size and scope, and many of these
innovations have been introduced into routine clinical

_ practice.*” In 2003 pathogen inactivation preparation of

PLT. components was mtroduced inte clinical practice in
Europe.®®

These innovative technologies have been evaluated in
clinical trials; however, additional information regarding
the impact of new technology on blood centet operations
and patient outcomes can be obtained from the experi-
ence in routine use. A recent international consensus
conference on pathogen inactivation technology recom-
mended that data’ be collected during routine use to
monijtor impact as these novel technologies "were

ABBREVATIONS: BTC = Blood Transfusion Center;
CUMG = Cliniques Universitaires Mont Godinne;
PC(s) = platelet component(s).
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adopted.” In 2003 the Blood Transfusion Center (BTC),
Cliniques Universitaires Mont Godinne (CUMG), initiated
_universal routine use of PLT components prepared with
photochemical pathogen inactivation treatment (INTER-
CEPT Platelet System, Cerus Europe BV, Amersfoort, The
Netherlands) for transfusion support of patients with
thrombocytopenia. Three randomized controlled clinical
trials were conducted with this pathogen inactivation
technology in support of CE Mark registration,”:™ but
data on component utilization were collected only for
conduct of clinical trials in which the experimental com-

ponents were produced in limited quantities rather than

in routine production.

The BTC Mont Godinne is the sole source of PLT com-
ponents and the principal source of red blood cell (RBC)
concentrates.for a tertiary care medical center. The blood
“center collects data on the use of blood components
under the auspicesof a hemovigilance program. We
conducted an analysis of the utilization of PLT and RBC
components for 3 years before the adoption of pathogen

* inactivation technolagy for PLTs and-for 3 years after the

adoption of this téchnology to evaluate the impact of this
new technology on component uuhzanon under routine
clinical practice conditions.

MATERIALS AND METHODS

Overall study design

The BTC Mont Godinne collects and supplies all blood
components for & 400-bed teaching hospital of the Uni-
versité Catholique ‘de Louvain (Mont Godinne, Yvoir,
Belgium). The BT€ performs approximately 2000 platelet-
pheresis and 7000 whole-blood collections per year to
support a diverse patient population with major subpopu-
lations cared for by hematology-oncology and cardiovas-
cular surgery specialists. The BTC issues all labile blood
components for transfusion and maintains an electronic
database to record the transfusion or destruction of all
issued blood 'components. Longitudinal transfusion
records are maintained for all recipients of these compo-
nents éither in-hospital or in outpatient treaument clinics.
Data for this study on utilization of blood components
were obtained from electronic blood bank records and
clinical laboratory records. The period from October 1,
2000, to September 30, 2003, constituted the control period
when all PLT components were prepared without patho-
gen inactivation treatment, and the period from Noyember
1, 2003, through October 30, 2006, constituted the test
period “when all PLT comporients were prepared with
pathogen inactivation. One of the authors (JCO) has been

the medical director of the BTC during the entire period_

covered by this study and supervised the hemovigilance
program, Individua] patient informed consent was not
required to obtain the data collected as this study was
conducted under the existing hemovigilance program for

the BTC in compliance with Belgian Law to monitor the
impact of new technologies on blood transfusion  prac-
tice.’* Patient privacy was pmtected under the hemovigi-
lance program.

Collection and preparation of PLT components

Control period

During. this 3-year period 85% of PLT components were
collected on a cell separator (Amicus, Fenwal, Inc., Round
Lake, IL) and 15% .on another cell separator (Spectra,
Gambro BCT, Boulder, CO) with process leukoreduction,
For components collected on the Amicus device, T-Sol PLT
AS (Fenwal, Inc., La Chétre, France) was used in a ratio of
approximately 35% plasma and '65% T-sol. For compo-
nents ‘collected on the Spectra device, PLTs were sus-
pended in 100% plasma. For both platforms, components
were prepared as conventional PLT components in com-
pliance with national regulatory requirements. After com-’
ponent preparation the PLT concentrations (10°/L) and.
‘the volumes (mL), based on weight, of each component
were measured and the total PLT dose per component was
calculated (10" PLTs). PLT components were treated with
gamma irradiation as required for patient specific indica-
tions, and tested for cytomegalovirus (CMV) antibodies
as required for patient specific. indications. During this
period, PLT components were stored for up to 5 days.

Test period

" During this 3-year period all PLT componems were col-

lected on the Amicus cell separator (Fenwal, Inc.) with
process leukoreduction and with the InterSol PLT AS
(Cerus Europe BV) in a ratio of approximately 35% plasina
and 65% Intersal. After collection, the PLT concentrations
(10°/L) and volumes (mL), based on weight, of each com-
ponent were measured and the total PLT dose was calcu-
lated (10" PLTs). These components were prepared with
pathegen inactivation under the CE Mark registration and-
in accordance with national regulatory requirernents.
Within the first 24 hours after collection, all PLT com-
ponents were treated with pathogen - inactivation
(150 pmol/L amotosalen HCl and 3 J/cm? UVA light, 320-
400 nm) accordingto themanufacturer’s directions for use
(INTERCEPT, Cerus. Earope BV). For quality control QC),
the final volume of treated PLT components was measured
on approximately 30% of components and used to esti-
mate the final PLT content of each component based on
volume loss. Pathogen inactivation treatment was used in
place of gamma irradiation and CMV serology testing to
meet specific patient indication requirements, and it was
used instead of bacteria detection to meet national regula: -
tory requirements. With pathogen inactivation treatment, -
PLT components were stored for either 5 or 7 daysin accor-
dance with national regulatory requirements.

During both study periods, blood center-operational
logistics permitted issuance of PLT components within the

Volume 49, July 2009 TRANSFUSION 1413 .



OSSELAER ET AL,

tion of support for each patient during
each observation period. These defini-

Coliection

Release
“negative to date”

Outdate

OQutdate

Fig. 1. Operatic for pri
three methods. Before-culture = I testing

gen' with ional testing,

same time frame after collection, testing, and pathogen
inactivation treatment (Fig. 1). The preparation of RBC
concentrates did not change in any substantial manner
during the 6-year study observation period, and all RBC
concentrates were leukoreduced by filtration during both
periods. RBC concentrates were treated with gamma irra-
diation and tested for CMV antibody per specific patient

_requirements " using the same methods in both study

periods.

Transfusion of PLT and RBC components and data
collection '

During both study periods, primary care physicians
ordered all blood components per standard of care. A pro-
portion of patients had multiple PLT transfusions and
muttiple periods of PLT support during the 6-year obser-
vation period. A period of PLT support was defined as the
interval between the first PLT transfusion and all subse-

quent PLT transfusions with less than'5 days between PLT

transfusions. If an interval of more than 5 days occurred
between PLT transfusions, then a new period of PLT
support was considered initiated. The total duration of
PLT support for each patient was defined as the number of
days between the first and the last PLT transfusion within
the same period of PLT support. The days of PLT support
" for multiple periods were summed to obtain a total duta-

1414 TRANSFUSION Volume 49, July 2008

ion and release of PLT components using
bacterial culture; bac-
terial culture = conventional testing with bacterial culture; and INTERCEPT patho-

tions were based on the assumption
that if no PLT transfusions were required
after a 5-day interval then transfusion-
dependent  thrombocytopenia was ‘no
longer present. These -definitions have
previously been used in randomized
clinical trials to evaluate PLT transfusion
therapeutic efficacy.!'3 .

The BTC Mont Godinne entered all
blood components into an electronic
database at time of collection and label-
ing (Blood Bank Management System,
4S Information Systems, Minthorne,
UK; or CTS Serveur, INLOG, Limonest,

" France). When components were issued
" for transfusion a standard form accom-
panied each. component and was
_returned to the blood center after trans-
fusion or with unused components. No
patients were excluded from this analy-
sis. The BTC maintained a longitudinal
transfusion record for each patient sup-
ported with blood components includ-
ing unique patient identification data,
clinical service location for transfusion,
unique blood component identification
number, date of transfusion, dose of PLT component
transfused, and age of PLT component transfused. The
BTC obtained patient clinical laboratory data from elec-
tronic laboratory records linked to unique patient identi-
fication records with protection of patient confidentiality
under the hemovigilance program. Using these electronic
data capture systems, greater than 99% of issued blood
components were traceable within the system.

Data analysfs and statistical methods

. Data from the BTC were extracted into a computer data-

base (SAS, SAS, Inc., Cary, NC). Values for all continuous

variables were summarized as mean and standard devia-

tion (SD), median, and range. Differences in mean values
between the two observation periods were compared by
two-sample t-test for continuous data and Fisher's exact
test for categorical data. Differences in median values
betweéen the-two observation periods were compared by
the two-sample Wilcoxon test. All p values reported were

two-sided, and statistical significance was declared atap .

value of less than 0.05. :

RESULTS

. PLT collections, yields, and proceséing losses

During the control period, 5576 collections were per-
formed with a mean yield of 6.28 x 10" PLTs. The 95%

ROUTINE USE ‘OF PATHOGEN INACTIVATED PLT COMPONENTS

central interval for the distfibution of transfused doses in

the control period ranged from 2.1 x 10" t0 6.3 x 10'' PLTs.

During the test period, 5997 collections were performed
with a mean yield of 6.82 x 10" PLTs. After rotitine-imple-
mentation of the INTERCEPT technology, 12,002 products
were treated with pathogen inactivation. Approximately
50% of collections were targeted as double-dose collec-
tions and were divided into two therapeutic PLT doses.
The 95% central interval for the distribution of transfused
doses ranged from 1.9 to 5.3 X 10" PLTs during the test
period. Eight pathogen inactivation procedures had tech-
nical failures (0.06%), of which 5 were due to operator
error and 3 were'due to disposable failures associated with
incorrect placement of a clamp during storage leading to
pinhole leaks. As patt of the QC process, 4066 components
during the test period were assayed for volume loss during
pathogen inactivation processing. Mean volume loss
without accounting for addition of amotosalen (15 mL)
was 8.2 +2.2% and the distribution of volume losses

. exhibited a 25th percentile of 7.0% and a.75th percentile of.

9.4%. Volume loss correlated with PLT loss. With consider-
ation of the dilution due.to additioh of amotosalen (4.4%),
the mean processing loss was 12.6%.

Patient populations and demographics

Duriné the control period, 688 patients received one or
more PLT components compared to 795 patients during
the test period (Tablel). The increased number of

‘patients in the-test period reflected increased clinical

activity as new clinical programs were implemented at the
CUMG. Patient demographics with respect to age distri-
bution, sex, and primary diagnostic category did not differ

population receiving PLT support als

0 required.one or -

more RBC concentrates, and the demographics for these

patients did not change significant!
periods (Table 2).

y during the two

Utilization of PLT and RBC components

For the complete patient populdtion receiving one, or
more PLT components in either period, the mean number.
of PLT transfusion support periods and the distribution of

support periods were not statisticalt

y different (Fig.2,

Table 3). The mean duration of PLT support, the mean

number of PLT transfusions, the total

PLT dose, and the

observation periods

TABLE 2. Demographics of all paﬁeﬁts recelvin‘g
both PLT and RBC components in the two-

Study period : Control Test p Value -
Patients (n) 629 721 :
Maan age, years (%) 613 62.9 0.06

<16 (%) T 08 0.8 :

17-64 (%) 48.8 455

=65 (%) 50.4 8§3.7 '0.48"
Male (%) . 817 610 0.82
Primary diagriosis (%)t :

Hematotogy 40.9 36.9

Oncology 8.0 79 o

CV.surgeiy 323 359 [e)}

Othert 20.8. ' 19.8 0.19° .

“ Represents p value for the distribution.

components, .
$ The designation of other refers to patients

1 Patients were classified by primary diagnasis based on the
- clinical service providing medical care and ordering blood

services and surgical services other than cardiovascular (CV)

on general medical

significantly in the two treatment periods (Table 1). surgery.
During the two study periods approximately 90% of the
‘ i 80%
TABLE 1. Demographics of all patients receiving ,70'/'
PLT components In the two observation periods p 0% .
- - = 5 50% | wPre |BS (N=688)
Study period Control Test p Value ]
Patients () - 688 795 g 0% | ~roniospi=Tes) .
Mean age, years 60.8 62.9 0.0t = 30%
<16 (%) 0.9 1.0 20%
1764 (%) : 49.7 453  10%
=65 (%) : . 49.4 5§3.7 0.23" . .
Male (%) i 62.8 . 623 0.87 o% - N ’
Primary diagnosis (%)t . 1 2 .3 4 5 6 0 >0
Hematology 39.5 34.7 -
Oncology . 6.5 8.8 Fig. 2. The distribution of the periods of PLT transfusion
CV surgery . ) 31.7 34.7 support for all patients receiving PLT comp The fre-
Othert 222 21.8 012" distribut} y
- quency distr] of the periods of PLT support for patients

* Represents p value for the distribution, . .

t Patients were classified by primary diagnosis based on the
-clinical service providing medical care and ordering blood

. components. ’ c

1 The designation of other refers to patients on general medical
services and surgical services other than cardiovascular (CV)
surgery,

during the period before INTERCEPT (pre-IBS, B n = 688) and

the period after INTERCEPT (post-IBS, i’

n = 795) was deter-

mined. The proportion of patients is expresscd on the ordi-
nate and the number of periods of PLT transfusion support on
the abscissa. There was no statistical difference in the distri-
bution of support cycles between observation periods,
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‘mean dose of PLTs per day of transfu-

* transfused to correct anemia due to

OSSELAER ET AL,

sion support were not different between
the two treatment periods (Table 3). For

TABLE 3. PLT (ransfuslan support for all patients before and after
adoption of p of PLT

ents

patients receiving both PLT and RBC :a'a;“‘j'z;p T 65?80""0' ; 795Test' n\::;r:e
. Umos! atients (n N .
components (control, 629; test, 721), the | periods of PLT support () . 229 2.2.(4.4) 0.86
mean numbers of RBC concentrates Days of PLT support (days) 14.2 (30.5) 13.1'(32.0) 0.49
transfused per patient (Table 4) were Trans;usions/patiem {n 9.9 (19.5) 10.1 (20.9) 0.88
not differerit in the two observation Irfr:sdusuo/ns/:ay'O(::l‘l‘l)Jpoﬂ o 4:'2 ::'25)8) 3;'; ;3:;) . <g.:l
. otal dose/patien . .8) - A . }
periods (control 16.5+20.9 vs. test Dose per day of support (10") 4.2 (2.1) 4.0 (2.3) 0.20

16.5 = 21.5, p = 0.98).
Because RBC concentrates may be

> Data presented as mean (SD).

blood loss or marrow hypoproduction

arising from many different causes, we
also examined the use of RBC concen-
trates during periods of PLT transfusion
support and outside periods of. PLT

TABLE 4. RBC use by all patients during the observation periods,
during periods of PLT support, and outside periods of PLT support
before and after adoption of pathogen inactivation treatment of

PLT components

transfusion supportto determine ifthere Parameter Controf Test* _ pVale
were differences during transfusion- RBC use during the entire observation period
dependent thrambocytopenia and out ;;‘g"‘s,‘(f}”‘_ . Tt 205) 751’20 210 050
. . 3 . units/patient (n N .. A B .
side ~penods .'Jf t'ransfusmn-dependem " RBC use during the entire observation period
thrombocytopenia. No significant dif- Patients (n}3 et
ferences were observed between study RBC units/patient (n) 16.5 (20.9) 16.5 (21.5) 0.90
. . RBC use during periods of PLT support
periods in the use of RBC components Patients (n)§ 545 634
during support of thrombocytopenia RBC units/patient (n} 10.4 (14,4) 10.7 (16.2) 0.71
and outside periods of PLT component | ABC use outside perjods of PLT support .
tr fusion sul rt (Table 4) Patients (n)!l 504 581
ansiusio Ppo; . RBC units/patient (n)

9.4 (14.5) 8.8 (13.6) 0.47

The broad patient population sup-

primary diagnoses and the level of PLT
support required: To more specifically Il Patients

* Al values expressed as mean (SD).

ported with PLT and RBC components 1 Patients transfused with PLT components duririg the observation period.

was heterogeneous with respect to $ Patients transfused with RBC components and PLT components during the entire

i observation period.

§ Patients transfused with RBC componsnts during periods of PLT transfusion support.

define the impact of pathogen inactiva-

d with RBC outside periods of PLT transfusion support,

tion on PLT component therapy, the

subset of hematology patients. was analyzed separately.

This population required more intensive transfusion
support with less acute blood loss due to surgical inter-
vention and, thus, was a more homogerieous population
in which to evaluate bath PC and RBC use. The majority
(more than 60%) of hematclogy patients had more than
one period of PLT transfusion support (Fig. 3). The distri-
butions of the periods of support were not statistically
'different between the two observation periods (Fig. 3.
Hematology patients were more intensively trans-
fused with PLT components, had more periods of PLT

support, and had more days of PLT support than the

general patient population (Table 5). Comparison of the

two observation periods demonstrated no significant dif-

ferences in the mean number of PLT transfusion support
periods, mean number of days of transfusion support,
number of PLT transfusions, the dose of PLTs, nor the PLT
dose per day of PLT support (Table 5). We examined the
use of RBC components for hematology patients during
the entire transfusion period as well as during and outside
periods of PIT support (Table6). In this analysis we
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" inchided patients who received PLTs without RBC trans-

fusion during PLT support and patients who received both
PLT and RBC support. We observed no significant differ-
ences in use of RBC components by hematology patients
during the entire observation period during periods of PLT
support and outside periods of PLT support (Table ).

Similarly, data were analyzed for a population of
oncology patients followed during the 6-year observation
period. These patients were less intensively transfused
with PLT components than the hematology patients, but
did have multiple periods of PLT support; however, the
distribution of periods of support was not different (Fig. 4,
Table 7). Significant differences in favor of INTERCEPT PC
were detected in transfusions per patient, total PLT dose,
and the dose per day of support. There were no significant
differenices' in RBC concentrate use during the entire
o,b'servgtion period for-patients receiving PLT transfusions
and for patients receiving PLT and RBC components
(Table 8). ,

To examine the impact of transfusion practice and
clinical responses to PLT and RBC transfusions, the mean

40.0%

35.0% |4

30.0%

25,0%

20.0%

% of Patlenty

15.0%
10.0%

5.0% ||

0.0% -

+Post 1BS (N~ 278)

ROUTINE USE OF PATHOGEN INACTIVATED PLT COMPONENTS

wPre 1B3(N*277)

Fig. 3. The distribution of the periods of PLT transfusion

support for } logy patients receiving PLT

P

The frequency distribution of the perieds of PLT support for
patients for the period before INTERCEPT (pre-1BS, Il
n'=272) and the period after INTERCEPT (post-IBS, [%;
n = 276) was determined. The proportion of patients is

p d on the ordi and the ber of p

of PLT

transfusion support on'the abscissa. There was no statistical
difference in the distribution of support cycles between obser-

vation periods.

and median lowest daily PLT counts were determined on a
per-transfusion basis for the various patient populations
during both observation periods (Table 9). We did not.
analyze data for the oncology patients due to the small
number of transfusions; however, we did analyze data
separately for cardiovascular surgery patients since they
received PLT transfusions at higher PLT count levels. There

. was a very broad and asymmetric distribution of the daily

lowest PLT count for all patient groups, and the median
values were considerably different from the mean values.
The ‘proportion of PLT .transfusions with recorded PLT
counts in the medical record on the day of transfusion was
similar in each period for each patient group (Table 9). .
While'the mean values for the daily lowest PLT count were
significanty higher (p <0.001) in the test period for all
patient groups, the median values were not statistically
different (p = 0.23). Exploratory analyses using analysis of
covariance (ANCOVA) models were performed on the
transfused PLT dose with the nadir of PLT count inciuded
as a covariate in the models. Treatment group (test vs.
control) and patient’s primary diagnosis (hematology,
oncology, cardiovascular surgery, and other) were also

included in the models. Results from’

TABLE 5. PLT transtusion support for hematology patients before and
after adoption of pathogen inactivation treatment of PLT components

these exploratory analyses showed that,
within each treatment group, the

adjusted means (after the adjustment

Control* Test* Val \
Farameter - o AL for the nadir of PLT count and/or the
Number of patients (n) 272 276 . R R
Periods of PLT support (n) 37 (4.6) 41(6.9) 0.40 primary- diagnosis) were neatly -the ON.
Duration of support (days) 31.6 (42.6) 33.1 (47.9) 0.70 same as the unadjusted sample means,
Transtusions/patient (n) . X 20.8 (27.1) 24.2 (30.5) 0.17 d the observation of significant differ-
Transiuslonslday of suppont (n) 0.8 (0.4) 0.8 (0.3) 0.13 :xl:ces fortt,.he méans:; dg;e ni]:lsi lgi fi
Totat dose/patient (10") T 87.3(115.4) 88.1 (111.6) 0.93 : . gnit
Dose per day of support (10") 32 (1.4) 3.0 (1.3) 0.12 cant difference for the median remain

* Data presented as mean (SD).

unchanged with and without the adjust-
ment for the nadir of PLT count and/or

the primary diagnosis.

TABLE 6. RBC use by hematology patients during the observation
periods, during periods of PLT support, and outside periods of PLT
support before and after adoption of pathogen Iinactivation treatment

- of PLT components

To further examine the impact of
the adoption of pathogen inactivation
treatment of PLT components on RBC
use as a surrogate measure for bleeding,

observation period,

1 Patlents transfused with PLT components during the observation peviod.
1 Patients transfused with RBC components and PLT components during the entire

§ Patients transfused with RBC components during periods of PLT transfusion Suppont.
il Patients transfused with REC components outside periods of PLT transfusion support.

Parameter Gontrol* " Tost* p Value we determined the mean daily Jowest

RBC use during the entire observation period hemoglobin (Hb) level per patient for

:astgms (n)t - P 2724 304 . those patients receiving both PLT and
units/patient (n) " 24. A 26. . 0.43 . 3

RBC use during the entire observation period RBC conFentrates (Table 10). NP dlf

Patients (n)f ' 266 ferences in the mean lowest daily Hb

RBC unitsipatient () . ' 25.9 (27.2) 27.4 {30.5) 0.55 level were detected in any patient

sgﬁr“’;"(r“’)’é""g periods of PLT support 24 groups before and after implementa-

RBC units/patient (n) 16.4 (19.7) 17.6 {23.3) 0.54 tion of pathogen macuvatlon for PLT

RBC use outside  periods of PLT supporf . componems

- Patients ()i . 35
RBC units/patient {n) 12.7 (18.8) 12,7 (19.2) 1.00
* All values expressed as mean (SD). DlSCUSS|ON

This study provides an assessment of”
the impact of pathegen inactivation
on the utilization of PLT and RBC .

components in both ~ broad and

Volume 49, July 2009 TRANSFUSION 1417 ‘



OSSELAER ET AL.

TABLE 7. PLT transfusion support for oncology patients before and
after adoption of pathogen inactivation treatment of PLT components

adoption of the new process. In addition
to providing information on the impact

of the innovation, the study provides

Dose per day of support (10'") 43 (1.7) © 3.7 (1.4)

:z::"’r‘z'l T 4:°""°' 70“5" Va2 | jnformation on the utilization of PLT
e . "
Periods of PLT support {n) 20(1.5) 18 (2.8 072 | andRBCcomponents inabioad patient
Duration of support (days) 7.9 (1.2} 5.0 (11.0) 0.17 population and in specific patient
Transfusions/patlent (n) 6.8 (9.1) 3.9(6.1) 0.0s populations with more intense transfu-
Transfusions/day of support (n) 1.0({0.4) 1.0 (0.4) 0.91 R requi ts. Tc Kknowled
Total dose/patient (10™) 27.5 (37.7) 14.5 (22.5) 0.02 sion fequirements. 0 our knowledge.
, 004 ‘this is the first study to examine the

* Data presented as mean (SD).

impact of a new-PLT preparation tech-
nology on the routine production and

TABLE 8. RBC use by oncology patients during
the two observation perlods, before and after
adoption of pathogen inactivation treatment of

PLT components

Parameter Control* Test* p Value

RBC use during the entire observation period
Patlents (n}t 4 70

RBC units/patient (n) 8.6 (9.0) 8.0 (7.7} 0.73
RBC use during the entire observation period

Patients (n}f 38 57

RBC units/patient (n) - 10.2 (9.0) 9.9 (7.4) Q.86

* Al values expressed as mean (SD).

1 Patients transfused with PLT components during the observa-
tion period.

1 Patients transfused with RBC components and PLT compo-
nents during the enlire observation period.

80%
To%
0% |
50%
0%

of Patients

® 30% |

#Pre IBS (N=45)

20% ~Past IBS(N =70}

10%

0%

A 2 3 4 S § 710 »10

Fig. 4. The distrib ofthe, riods of PLT transfust
support for oncology p g PLT The
frequency distribution of the perlods of PLT support for
patients before adoption of INTERCEPT {pre-IBS, ®: n = 45)
and the period after INTERCEPT (post-IBS, /; n = 70} was
determined. The proportion of patients is expressed on the
ordinate and the number of periods of PLT transfusion
support on the abscissa, There was no statistical difference in
the distribution of support cycles between observation
periods.

_specialized patient populations. This study is unusual in
its scope, in that it covers a relatively long period during
‘which the new technology was used in routine practice,
and it provides data from a comparative period before
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utilization of PLT components for an
observation period as long as 6 years.

In Phase ] and 2 clinical trials with autologous radio-
labeled 5-day-old PLT components transfused to healthy
subjects, we detected a 15% to 20% reduction in PLT
viability.’ Subsequently, a large Phase 3 clinical trial dem-
onstrated increased utilization of PLT components treated
with pathogen inactivation compared to conventional
PCs.'2 This observation was due in part to difficuities with
production of consistent PLT doses during the clinical trial

. and the stringent requirement to avoid off-protocol trans-

fusions.'? Analysis-of patients in both treatment groups
supported with. components consistently containing
more than 3.0 x 10" PLTs, showed no difference in utiliza-
tion of PLT components.'®.In light of these observations,
we sought to evaluate PLT component utilization in the
context of routine practice with production of PLT com-
ponents over long periods.

In this study, the patient populations in the two
observation periods were comparable with the exception
of a 15% increase in the number of patients receiving PLT
transfusions due to increased clinical activity at the study
center. In both periods, approximately 90% of patients
were transfused with PLT and RBC components providing
the opportumty to examine the impact of the new PLT
technology on use of RBCs. There was considerable varia-

‘tion in the duration of PLT support due to heterogeneity of

the patient population, even among specific diagnostic
groups, such as hematology patients. This heterogeneity
reflected the diverse population of patients who received
PLT support in clinical practice and provided a realistic

measure of the impact of a new technology. In addition, °

the long time of observation.in which patients experi-
enced multiple periods of PLT support during multiple
chemotherapy cycles contributed to the heterogeneity,
but provided a comprehensive assessment of the impatct
of the new technology on component use.

A substantial number of more intensively transfused
hematology patients were' available in both periods to
allow assessment of the impact of pathogen inactivation
on PLT and RBC utilization among repeatedly transfused
patients. During both observation periods, hematology
patients received the majority of PLT components due to
longer periods of transfusion-dependent thrombocytope-

ROUTINE USE OF PATHOGEN INACTIVATED PLT COMPONENTS

TABLE 9. Dally lowest PLT count 1or patlents transfused before and

period after implementation of patho-
gen inactivation, This required an addi-

after adoptlon of pathogen inactiva it of PLT ts tional 10 minutes of donor callection
:;'an;?is:s- Gontrol Test PValus | time, but was well tolerated without
patien - :
PLT transfusions (n)* 6812 ) 7994 ; impact on donor recrui'tment or reten-
PLT dose/transfugiont 4.2 (1.0) 3.6 (0.9) <0.001 tion, For the broad patient population,
FLT count ;‘0'/1-)*( oL - 471714 gg‘z #s.3) <°-gg§ adoption of pathogen inactivation for
Median PLT count (1 23.0 . 0. : L
Cardiovascular surgéry patients ) ?LT components 'had no ssignificant
PLT transfusions (n)* .. 415 534 . impact on utilization of PLT compo-
PLT dose/t?inffusicnf . 4.3(1.0) v © . 38(08) <O4Og1 nents as measured by multiple indices
PLT count (10°L)l{ 71:2 (51.4 77.4 (45.1) 0.0 ) ; .
Median PLT count (10°0) 59.0 €80 .oosg | including mean number of transfusions
All hematology patients . : per patient, mean total dose of PLTs per
g‘g gan:/f::sior;s (")'}r 55532 (10) Gsege 09 0,001 patient, or mean PLT dose per day of
lose/transfusion 2 i X . 8 - N : N
PLT count (10°/L)] 443 (723) 60.6 (57.8) <0001 | support. The only significant difference
* Median PLT count {10°1) . 210 20.0 0.23§ detected was an increase in the mean
[ ,’;’L'i”s“’e’{u "‘5"5"(’5)54 henatology P;g;%"’s" " o563 number of PLT tranéfusions per day of
transfusions {n)* - 6 .
. PLT doseftransfusiont ;4200 . 36009 <0001 | supportfrom 1.0to1.1(p <0.01) among
PLT count (10°L)11 44.0 (72.0) 60.5 (97.7) <0.001 the broad-patient population. This dif-
Median PLT count (10%,) 210 200 0.25§ fererice may have arisen due to a small

one PLT count on the day of transfusion,
The mean. (SD} for the PLT dose (10",

counts.:
Based on two-sample Wilcoxon test.

counts,

counts.

received two or moré PLT transfusions In a treatment period.

counts.

W

* The total number of PLT transfusions admmrstered during each period with at least

1
% The mean daily iowest PLT count {SD) for transfusions with a PLT count available in
_ " the medical record on day of transfusion. During the control and test periods there
were 4690 (68,8%) and 5797 (72.5%) transfusions, respectwely with recorded PLT

Ii  The mean daily lowest PLT count (SD) for transfusions with a PLT count available in
the medical record on day of transtusion. During the control and test periods there
werg 320 (77.1%) and 370 (69. 3%) (rans!uslons respectively, with recorded PLT

1 The mean dally lowést PLT count (SD) for transfusions with a PLT count avallable in
the medical record on day of transfusion. During the control and test periods there
were 4144 (73,2%) and 4914 (73.4%) transfusuons respectively, with recorded PLT

** Intensively transfused hematology patients were defined as those patients who
1t The mean daily Jowest PLT count (SD} for transfusions with a PLT count available in

the medical record on day of transfusion. During the controi and test periods there
were 4120 (73, 1%) and 4893 (73.4%) transfusions, respectively, with recorded PLT

decrease in the mean duration of PLT
support from 14.2 to 13.1 days (p = 0.49)
after implementation of pathogen inac-
tivation: The reason for -the slight
decrease in the mean duration, of PLT
support is unclear, Because the decrease
in duration of PLT support was not sig-
nificant, we concluded that the increase
in mean number of PLT transfusions per
day was likely not clinically relevant.
This difference was not detected among
hematology or oncology patients.

- Because PLT transfusions are used
to support patients with either quantita-
tive or .- qualitative PLT. deficits' with
potential for bleeding, we examined the
use of RBC concentrates as an indirect

nia. While it is possible that changes in chemotherapy
regimens over the 6-year observation period resulted in
less intensive marrow suppression minimizing the impact
of a change in PLT component use, several factors argue
against this effect. First, the mean duration of PLT trans-
fusion support and the number of periods of transfusion -
support were similar in the two observation periods, indi-
cating. that changes in -primary disease treatment had
minimal impact on the marrow suppression and the
extent of transfusion-dependent thrombocytopenia. In
addition, the similar use of RBC components during and
outside periods of PLT support. in both observation
periods is consistent with a lack of change in hematopoi-
etic function secondary to primary disease therapy.
Implementation of pathogen inactivation did result
in mean PLT losses of 12. 6%. This was partially compen-
sated for by. collection of larger PLT doses during the

measure of hemostasis. While RBC
. transfusions may be administered to

" correct anemia dueto hypoproductionas well as bleeding, -

data on use of RBC support provide a partial measure of

the impact of PLT transfusion on prevéntion of bleeding.

For all patients supported with PLT components ixi either
period, there was no impact on the requirement for RBC

.- transfusion after introduction of pathogen inactivation of

PLT components. This trend was consistent for patients
supported with PLT and RBC components during periods
of PLT support, when patients would be at greatest risk for -
bleeding, and outside periods of PLT support when RBC
use would be most reflective of transfusion to support
hypoproductive anemia. _

- The broad patient population included a substantial
proportion of cardiovascular surgery patients (approx.’
one-third of the population in both periods) with short-
term PLT support and obligatory intraoperative blood
loss. To examine the impact of pathogen inactivation in a
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TABLE 10. Daily lowest Hb level for patients
transfused before and after adoption of
path i ion ftr of PLT
components )
Parameter Control Test p Value
All patients
Patients (n)' 626 713
Hb (g/dLy 8.5 (1.1) 8.5 (1.0) 0.82
Median Hb {g/dL) 8.6 85
Cardiovascular surgery patlenrs
. Patients {n)* 201 257
Hb {g/dL)t 8.3 (1.0 82100 o1
Median Hb (g/dL) 8.2 8.1 .
All hematology patients
Patients (n)* 257 266
Hb (g/dLyt 9.0 (0.7) 8.9(0.7) 0.12
Median Hb (g/dL) 9.0 . 8.9
ively transfused h ;
ly ] P ¥
Patients (n)* 238 249
Hb (g/dL)t 8.9 (0.6) 8.9 (0.6) 0.42
Median Hb (g/dL) 9.0 8.9
¥ The number of patients transfused with both PLT and RBC
concentrates and a Hb level recorded in the medical record
on the day of PLT transfusion.
1 The mean (SD) daily lowest Hb level (g/dL} per patient for
each patient group.
1 Intensively transfused hematology patients were defined as
those patients who racelved two or more PLT transfusions in
a treatment period. :

more stable and intensively transfused population, we
specifically analyzed data for hematology patients. This
subpopulation comprised slightly more than one-third of
the broad patient population in both observation periods,
and the hematology patients had more periods of PLT
support and a longer cumulative duration of PLT support
(mean, 32-33 days) compared to that of the general popu-
lation (mean, 13-14 days). The multiple periods of PLT
support (approx. four as the average) included many
patients repeatedly transfused during each 3-year obser-

vation period. Multiple indices of PLT component utiliza- -

tion including mean transfusions per patient, mean
transfusions per day of PLT support, mean total PLT dose
per patient, and mean dose per day of support were not
statistically different between the observation- periods.
Among hematology patients, we observed a significantly
lower PLT dose per day of PLT support (3.0 x 10" vs.
3.2x 10" PLTs per day, p=0.05) after introduction of
pathogen inactivation. However, the data for this inten-
sively transfused population supported during multiple
periods of PLT transfusion over a 3-year observation
. period did not indicate any impact on PLT utilization after
introduction of pathogen inactivation for PLT compo-
nents (Table 5).

The hematology patient subpopulation ‘provided a
patient population in which to evaluate the impact of a
change in PLT component preparation on the use of
RBCs both during and outside periods of PLT support.

This population was not substantially imipacted by major
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surgical interventions, thus providing a more reliable
estimate of the impact of a change in PLT component on

both hemostasis, as measured by RBC transfusion '

requirements during periods of PLT support, and the
impact on RBC production, as measured by RBC trans-
fusion outside periods of PLT support. No significant dif-
ferences in RBC use were detected after introduction of

pathogen inactivation for PLT components. We interpret

these observations to indicate that hemostasis and RBC
production were not aﬁeétgd by a change in PLT compo-
nent preparation.

We also examined the impact of pathogen inactiva-
tion on PLT use by oncology patients. However, this was a

small patient population; and the data were limited. Con- -

sistent with the observations for hematology patients, we
did not detect any highly significant impact on PC or RBC
use due to the change in PLT component; however, these
observations require confirmation in a larger population.

Asan added means to exarnine the impact of a change
in PLT componerit on transfusion practice and clinical
outcome, we examined data on the daily lowest PLT count
and daily lowest Hb level on days of PLT and RBC transfu-
sions, We hypothesized that the Jowest PLT count and the
lowest Hb within 1 day on days of PLT and RBC transfu-
sion, respectively, would provide a comparative indicator
of the level of thrombocytopenia and anemia on the day of
transfusion in the two observation periods. These data
were analyzed on a per-transfusion basis as the laboratory
indices  were related to specific transfusion events. We
analyzed these data for all patients as well as for specific
subsets including cardiovascular surgery patients, hema-
tology patients, and intensively transfused hematology
patients {those with two or more periods of PLT transfu-
sion support). During the 6-year period of this study at
CUMG, the broadly accepted .clinical threshold for PLT
transfusion was a PLT count of 10 x 10° to 20 x 10°/L and

for RBC transfusion a Hb level of 9 to 10 g/dL. The BTC °

Mont Godinne does not require a specific pretransfusion

- PLT count or Hb level to issue a bléod component.

Primary care physicians ordered blood components based
on mdmdua] patient assessments and their independent
clinical ]udgmem

We used the PLT count data in two ways. First, the ’

daily lowest PLT count served as a comparison of potential
changes in degree of thrombocytopenia between the two
observation periods. For all the patient groups analyzed,
the mean lowest daily PLT count was associated with a
large SD, and the difference in the mean and median
values was a result of the heterogeneous distribution of
PLT levels in the large patient population. Except for car-
diovascular surgery patients, the median values were

not significantly different between the groups and were .
21 x 10° to 23 X 10°/L, reasonably close to expected trans- .

fusion threshold values for patients with hypoproliferative
thrombocytopenia. This trend was similar for more inten-

ROUTINE USE OF PATHOGEN INACTIVATED PLT COMPONENTS

sively transfused hematology and oncology patients as

well. Cumulatively, these data suggest that after imple-
mentation of pathogen inactivation, patients did not
experience a lower PLT count nadir during PLT support.

We postulated that the mean lowest daily Hb level
could serve as a surrogate measure for hemostasis pro-
vided that there was no indication for differential suppres-
sion’ of erythropoiesis by the new PLT component. We
concluded that the -similar use of RBC components
outside periods of PLT support, especially for hernatology
patients, supported this hypothesis. The lack of difference
in the lowest daily mean Hb levels on days of PLT transfu-
sion is consistent with the conclusion that the new PLT
components provided ddequate hemostasis.

Recently, two multicenter hemovigilance studies
monitoring the safety of 12,543 PLT components trans-
fused to 2051 patients have shown that PLT components
prepared with pathogen inactivation were well tolerated
when used in routine practice.”® In conjunction with
these observations, the eurrent study utilizing longitudinal
data collected as part of a hemovigilance program demon-
strates that PLT components prepared with pathogen inac-
tivation can be implémented into routine practice without
substantially impacting PLT or RBC component utilization
over a substantial period of transfusion support.
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Use of additive solutions and pathogen inactivation treatment of
platelet components in a regional blood center: impact on
patient outcomes and component utilization during
' ‘ a 3-year period

Jean-Pierre Cazenave, Hervé Isola, Chantal Waller, Isabelle Mendel, Daniel Kientz, Michel Laforeét,
Jean-Pierre Raldot Gérard Kandel, Marie-Louise Wiesel, and Laurence Corash

BACKGROUND: The Etablissement Frangais du Sang
Alsace (EFS Alsace) successively Implemented univer-
" sal use of platelet additive solutions (PASs) and patho-
gen inactivation (P1) for platelet components (PCs). To
assess the impact of these changes, EFS Alsace evalu-
ated PC use, red blood cell (RBC) component use, and
transfusion-related adverse-events after implementation
of these new technologies.
STUDY DESIGN AND METHOQDS: EFS Alsace pro- .
spectively collects data on production, distribution, and
response 1o transfusion of all blood components with
greater than 99.5% data acquisition. Adverse events
atiributed to platelet (PLT) transfusions were collected
through' @ mandatory, active hemovigilance program. A
retrospective review of prospectively collected data was
" conducted covering thres periods: 1) apheresis and
-whole blood~derived PCs in plasma, 2) apheresis and
whole blood-derlved PCs with PAS, and 3) PCs pre-
pared with P1 and PAS, Data on component utilization
were analyzed for all patients receiving PCs in each
period and for the subset of hematology-oncology'
patients to evaluate PC use in an intensely transfused
. population. Values for ail continuous variables were
summarized as mean and standard deviation, median,
" .and range.
-RESULTS: Approximately 2000 patients received PCs
in each period. PLT and RBC use per patient was not
increased after Pl (analysis of variance, F = 1.9 and
2.9, respectively) and the incidence of acute transfusion
reactions was significantly reduced (p < 0.001).
CONCLUSIONS: Universal use of P! was implemented
without impacting component use, as indicated by total
dose of PLTs per patient, and outcomes to lransfusron
were improved,

he Etablissement Frangais du Sang Alsace (EFS
Alsace) is the sole provider of blood components
for approximately 2 million inhabitants of the
Alsace region of France and issues approxi-
mately 17,000 platelet components (PCs) per year. Ini 2005,
the EFS Alsace implemented routine use of platelet addi-
tive solution (PAS) for production of PCs to reduce recipi-
ent exposure to allogeneic donor plasma and to increase
salvage of plasma for production ‘of therapeutic and frac-
tionated plasma, The following year, 2006, the EFS Alsace
implemented routine use of photochemical pathogen

. inactivation (PCT) to reduce the risk of transfusion-

transmitted infection and adverse immune reactions
associated with transfusion of PCs.

Each of these interventions has the potential to
impact the therapeutic efficacy of PCs as well as impact
utilization of other blood components and patient out-
comes in response to transfusion therapy.*? Component

ABBREVIATIONS: CSDP =-concentrated single-donor platelet
(program); EFS Alsace = Etablissement Frangais du Sang Alsace;

PAS(s) = platelet additive solution(s); PC(s} = platelet

component(s); PCT = photochemical pathogeninactivation;
PI = pathogen inactivation; TA-GVHD = transfusion-associated
graft-versus-host disease,
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bourg, France; and Cerus Corp Concord, California,
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utilization and transfusion-related ‘adverse events were
selected as outcome variables because of clinical rel-
evance to patient management. A decrease in therapeutic’
efficacy due to changes in PC treatment could result in the
need for more transfusion support. A change in the inci-
dence of adverse events associated with novel PCs would
be highly relevant to both patients and treating physi-
cians. To assess the impact of use of PASs and pathogen
inactivation (P) treatment, EFS Alsace conducted a retro-
spective review of PC use, red blood cell (RBC) component
use, and transfusion-related adverse events during three
different periods to evaluate the effect of each change in
platelet (PLT) preparation. This review provided useful
information regarding the progressive effects of each
change for-all patients supported with PCs during each
observation period, and for specific patient populations,
such as pediatric and hematology-oncology patients,
which might be dxfferenually affected by changes in the
manufacture of PCs,

MATERIALS AND METHODS

Overall study design
The study covered three observation periods, each lasting
from 9 to 13 months in duration. The variable length of
each period was in part determined by the time required
for switching between types of PCs and data for each
period were utilized only once production consisted
entirely of the new type of PC product. Period 2 was arbi-
trarily shorter due to the decision to implement Pl as soon -
as possible. During the 13-month period from January
2003 to February 2004 (Period 1) all PCs derived either
from whole blood collections or by.apheresis collections
were prepared in 100% allogeneic donor plasma. During
the 9-month period from September 2005 to June 2006
{Period 2) all PCs were prepared in PAS (53%-68%) and
residual donor plasma (32%-47%). During the 11-month
period from September 2006 to August 2007 (Period.3) all
PCs were prepared in PAS (53%-68%) and residual plasma
(32%-47%) with PCT for PI. During each of these three
periods, data were collected on the production,-transfu-
sion, and transfusion-related adverse events for all
patients supported by the EES Alsace.

component utilization because they are intensively trans-
fused for prophylaxis of bleeding and provide a more strin-
gent population in which to assess componem utilization.

Production of PCs

The variables for preparation of PCs during each-of the
three periods are sumniarized in Table 1. Whole blood was
collected into- CPDA-1 anticoagulant from volunteer
blood donors who met the EFS requirements for blood
donation. Whole blood-derived buffy coat PCs were pre-
pared as previously described.* Single-donor apheresis
PCs were collected from qualified donors using an apher-
esis system (MCS+, Haemonetics, Braintree, MA). During
the three periods, all PCs were' leukoreduced by filtration .
(<1 x 10°white blood cells [WBCs]/PC) to-produce a thera-
peutic PC that was stored for up to 5 days with reciprocal
agitation under temperature control (22-24°C) before
transfusion,

Period 1

Whole blood donation had a mean volume 6f 462 +
14 mL. Six whole blood-derived buffy coat concentrates
were pooled and suspended in 100% donor plasma.
Single-donor apheresis PCs were suspended in 100%
donor plasma. During this period, two target doses for

apheéresis components were used, 3.5 x 10!! or 5.5x 101t

PLTs per collection. Both whole blood-derived pooled@

- bufly coat and apheresis “PCs were irradiated with

2500 cGy, using a cesium source, according to established
indications for prevention of transfusion-associated graft-
versus-host disease (TA-GVHD).
Period 2

Whole blood donation had a mean volume of
460 + 11 mL. Six buffy coat concentrates were pooled and
suspended - in approximately 35% donor plasma
and-65% PAS (T-Sol, Fenwal, ‘Inc,, La Chétre, France).
Single-donor apheresis PCs were collected from qualified .
donors using the MCS+ platform with the concentrated
single-donor PLT (CSDP) program (Haemonetics) and
suspended in approximately 45% donor plasma with 55%.

Data were collected’ in compliance

with a national hemovigilance program TABLE 1. Variables for preparation of PCs .

with protection of patient confidential- Variable "Period ‘1 {Plasma) Pariod 2 (PAS) Pertod 3 (P1)

; indivi i : Buffy coat PCs 8 )

ity, and individual pa‘,‘ems informed Whole blood (mL) 462 < 14 480 =11 - 461 % 14

consent was not required.® Data on Anticoagulant CPDA-1 CPDA-1 CPDA-1

PC and RBC.compoerent use were Pool size 6 : 6 8

analyzed for. all patients receiving gfss"(‘;)‘”gel (%) 1og g: gg"

PCs during each observation period Apheresis PCs :

and for the subset of hematology-  Platform MCS+ MCS+/CSDP MCS+/CSDP
: . e Target dose (x10") 350r55 4.5 4.5

oncology ;.Janents.‘ Hematology: Plasma targat (%) 100 .5 .

oncology patients were selected for PAS (%) [ 55 55

separate analysis with fespect to blood
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T-Sol. During this second period, the collection target
for apheresis products was set at 4.5x 10" PLTs per
collection. Both whole blood-derived pooled buffy coat
and apheresis PCs were irradiated with 2500 cGy
according to established indications for prevention of
TA-GVHD. .

Period 3
Whole blood donation had a mean volume of
461 = 11 mL. Six buffy coat concentrates were pooled and
_ suspended in approximately 35% donor plasma and 65%
PAS (Intersol, Fenwal, Inc.). Single-donor apheresis PCs
were collected from qualified donors using the MCS+ plat-
form and CSDP software (Haemonetics) and suspended
in approximately 45% donor plasma with 55% Intersol.
During the third period, the collection target for apheresis
products was set at 4.5 x 10! PLTs per collection. Both
pooled whole blood-derived and apheresis PCs were
processed (Fig. 1)’ within 24 hours of collection using
amotosalen-HCl and UVA light photochemical PI treat-
ment (INTERCEPT Blood System for Platelets, Cerus
Europe BV, Amersfoort, the Netherlands) according to the
manufacturer’s directions for use.® In both cases, residual
amotosalen and photoproducts were removed after 4 to 8

Day 0

hours of incubation using a compound adsorption device.
Apheresis PCs were released on Day 1 and pooled whole
blood-derived PCs on Day 2 (Fig. 1). PI treatment was
used in place of gamma irradiation for prevention of

" TA-GVHD. Residual amotosalen levels were measured in
1% of treated PCs for quality control.

Transfusion of PCs and hemovigilance monitoring

In a1 three study periods the PLT count and total PLT
content were determined for each apheresis PC. In the
-first two periods, -the PLT count and PLT content of
‘pooled leukoreduced whole blood-derived buffy. coat

components were determined in a subset (3% for Period

1 and.17% for Period 2) of components for process
control. In Period 3 PLT count and total PLT content was.
determined for each pooled leukorediiced whole blood~
derived buffy coat component, PLT. counts were mea-
sured by electricdl impedance with calibration using an
optical PLT counter (Sysmex XE 2100D, Roche Diagnos-
tics, Meylan, France). Total PLT content of transfused
components was determined based on PIT concentra-
tion and component volume expressed as total
PLTs x 10"

Day 1 Day 2

TIME 8 10121416182022002 4 6 81012141618202200 2 4 6 8 1012
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Fig.-1. PC'procesalng workflow. The time in hours starting with the day of collection (Day 0) is indi d. Apheresis p are
stored overnight on temper led shakers (22-24°C) followed by PI t and incubation in a d absorption

device (CAD) container from a minimum of 6 hours to a maximum of 16 hours before release for transfusion. Whole hlood collec-
‘tions are stored overnight after collection. On Day 1 buffy coat concentrates are isolated, pooled, and treated with PI followed by
CAD lncuballon and release on the beginning of Day 2. 'Serology/NAT 8 a.m.-3 p.m. daily. Pl and CAD = pathogen inactivation

using the INTERCEPT Blood System; NAT = nucleic acid testing.
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The EFS Alsace blood center maintains a database to
monitor the production, issuance, transfusion, and utili-
zation of all blood components. The blood center data-
base contains information on patient demographics and
clinical service location of transfusion. In each period,
primary care physicians ordered PCs for transfusion
according to French national guidelines published by the
French Agency of Medical Safety of Health Products in
2003 and based on a recommended dose of 0.5 x 10" to
0.7 x 10! PLTs per 7 kg in adults and 0.5 x 10" PLTs per 5
or 7kg in pediatric patients for support of thrombocy-

. topenia, The response. to transfusion of blood compo-
‘nents was monitored through the national active

hemovigilance program under the direction of French’
Agency of Medical Safety of Health Products.? Under this
program, all blood transfusions are monitored and poten-
tial transfusion adverse incidents are evaluated for sever-
ity and relationship to the transfused

compare between Period 1 and 2, Perind 1 and 3, and
Period 2 and 3. All p values reported were two-sided, and
significance was declared at a p value of less than 0.05
(p <0.05). All statistical calculations were done with com-
puter software (Excel, 2007 P2 MSO, Microsoft Corp.,
Redmond, WA). ’

RESULTS
Demographics of patients transfused with PCs

- In each of the three periods, 1678 to 2069 consecutive

patiénts received one or more PCs (Table 3), Within each
period, the largest proportion of PLT transfusions were

administered- on hematology-oncology care services:

(Table 3). Patients ringed in age from less than 1 to 106
years of age (Table 3),

compenent in a trarisfusion inciderit

TABLE 2. Production and utilization ot PCs

report. Declaration is mandato - A
fop each t:C sfusig whethe: :r nz Variable . Period 1* Period 21 Period 3%
T e fm N ‘?’ ) Number of components : 10,629 9,151 13,241
a transfusion . incident report -has PLT content of transfused components§ . . -
occurred. The severity of incidents. is Mean dose/unit (x10") 52 4.4 42
; teriar Median (x10") 5.4 4.7 44
classified basec! on WO criteria: Grade Rangs (<10 0692 0878 0573
1—absence of immediate or long-term PC use/pationt ()l )
vital. threat, Grade 2-—potential long- Patients - 2,080 1,678 2,069
idi ; i Mean 5.2 5.5 6i48e
term morbidity, Grade 3—immediate Median 20 b 20
vital threat, and Grade 4—death of the Range 1-104 14114 1-289 -
patient. The relation of the transfusion Total PLT doss/pafient (10"}
- to the adverse effect is evaluated using a Mean 271 241 26,2
-poi asise Median 10.9 9.4 9.1
five-point scale basis; 0—excludes any Range 0.2-543 0.2-508 0541802

causal relationship, 1-—is doubtful, 2—is

* PCs were prepared In plasma During Period 1, PLT content of whole biood-derived

% of

possible, 3—is likely, and 4—is unques- PC was
tiohable. The transfusion incident
reports are submitted to regional
hemovigilance network coordinators
and entered into an electronic database.

Statistical analysis -

t PCs were prepared |n plasma with PAS. During Period 2, PLT content of whole blocH--
derived PC was determined in 17% of companents,

1 PCs were prepared in plasma with PAS and Pl treatment. : .

§ ANOVA, difference if F = 3.0. The difference is significant for the three penods
(F = 4396.9). t test for two samples assummg equal variances: *P1 - P2, °P1 - P3,
°P2 - P3. p<0.05.

il ANOVA, -difference if-F = 3.0..The dmerenoe is significant for the three perlods

" (F=6.8).1test for two g equal vari
P11 P3, p=0.0008; P2 - P3, p=0.01.

1 ANOVA. The difference Is not significant for any comparisons: F.= 1.9,

:*P1-.P2, p=0.37

Descriptive ana!yseé were conducted
for the demographic and clinical vari-

ables. Values for all continuous variables

were summarized as mean. and stan-

TABLE 3, Demographlics of pailents transfused with PCs

L y Demographic X Period 1* Period 21 . Period 3%
dard deviation (SD), median, and range. | R 2050 7678 » 7060
A one-way analysis of variance (ANOVA; | Madian age (years) 64 63 : 83
single factor) was used to test the-equal- Age range (years) 3-97 <1-89 : <1-108
Male (%) 59 €0 82 .

ity of PLT content pet product, of the

- number of PCs transfused per patient, Hematology-oncology 60.5 88.1
and of total dose of PLTs received by ‘Generat medical 36.6 - 43.6 36.3
Gardiovascular surgery 7.3 5.9 5.7

the patient between the three periods

Proportions (%) of patients transfused by clinical service
56.1

studied (Table 2).When the difference of
ANOVA during the three periods was

* PCs were prepared in plasma. i
t PCs were prepared in plasma and PAS.
3 PCs were prepared in plasma and PAS with Pi treatment.
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Characteristics of PCs

During the three periods the PLT content per component
changed as the methods of production changed (Table 2),
With the .introduction of PASs, production methods
were adjusted to equalize the PLT content of apheresis
and whole blood-derived PCs that were ordered inter-
changeably by primary care physicians. All PCs transfused
demonistrated retention of swirling when issued by the
blood center. PLT content per PC unit was significantly
less in Period 2 compared to Period 1 {p<0.05) and in
Period 3 compared to Period 2 (p < 0,05) (Table 2). During
Period 3, all the 13,241 components were tested for PLT
content; the mean =SD PLT content was .4.2Xx
10" + 0.4 x 10" and the mean = SD loss due to PI was
24 = 4 mL containing 0.3 x 10"  0.07 x 10"' PLTs. For
- PCs treated with PI, residual amotosalen levels were
measured in 1% of products (n = 201). The mean residual
amotosalen concentration for whole blood and aphe-
resis components was 0.24 % 0.09 umol/L (median,
0.22 umol/L; maximum, 1.25 pmol/L).

Utilization of PCs
The utilization of PCs was determined

Acute transfusion reactions

Adverse events. after transfusion of PCs were evaluated for,

relationship to transfusion and all events classified as
doubtful, possible, likely, or unquestionable were defined
as acute transfusion reactions. These events also included
the observation of newly detected alloantibodies to RBC
antigens with or without evidence of hemolytic transfu-

sion reactions (Table5). Cumulatively, for all three -
periods, 145 adverse events were reported, of which 46

were newly detected RBC alloantibodies without hemoly-
sis secondary to concomitant transfusion of RBCs in 85%
of the patients receiving PCs (Table 5). In Period 1, one
death due to volume overload was reported. All other reac-
tions were Grades 1 (61%) and 2 (33%) in severity. During
Period 3 among the 18 reported reactions not due to RBC
alloantibodies, eight were characterized by febrile reac-
tions, three were characterized as allergic reactions, and
one episode of transfusion-telated acute lung injury
(TRALI) associated with high-titer HLA antibodies from a
multiparous donor was reported during Period 3 in asso-
ciation with transfusion of Pl-treated apheresis PCs
without exposure to any other blood components. Six
transfusion reactions were not characterized further. No

per patient based on the number of

TABLE 4. Utilization of RBC components

components transfused and . the total | variable Period 1" Period 2t Period 3%
number of PLTs transfused per patient. Number of patients transfused with PCs 2,050 1,678 2,069
The latter was of specific importance Number (%) of patients transfused 1,715 (83.7) . 1,355 (80.8) 1,749 (84.5)
as the PLT content per component with PCs and RBCs : :

X . Number of RBC units§ - - 24,693 17,732 . 23,824
changed according to changes in the Mean number RBC units/patient 14.4 Lo 184 13.6

methods of production during the three * PCs were prepared in plasma.

periods (Table 2). For each period, the

", relative proportion of whole blood-

derived and apheresis PCs remained
constant, approximately 65%:35%,
respectively. The mean number of PCs
transfused per patient increased "in
Periods 2 and 3 compared to Period 1
(Table 2); however, the number of trans-
fusion episodes’ and the total dose of
PLTs transfused per patient were not dif-
ferentbetween thetwo periods (Table 2).

Utilization of RBC components
Utilization of RBCs was determined
for patients who received one or more
PCs during each :observation period
(Table 4). In each observation period,
approximately 85% of patients trans-
fused with PCs received at least one RBC
unit, No significant difference in utiliza-
tion of RBCs was detected between the
three observation periods.

1 PCs were prepared in plasma and PAS.
} PCs were prepared in plasma and PAS with Pl treatment.
§ ANOVA. The difference between the three periods is not significant: £ =2.9.

Variable Period 17 Period 2t Period 34
Number of patients transfused . 2,050 1,678 2,069
Number of components transfused 10,629 9,151 13,241
Number of patients with adverse reactions 59 a3 36
‘Number of adverse events§ 67 41 37
Number of RBC alloantibodies detected 1 .18 19
Number of RBC alloantibodies/1000 PCs : 1.03 1.758 143
Number of transfusion reactions S 86 .25 18
Number of total reactions/1000 PCs 8.3 45 .28
Number of PC-related reactions/1000 PCsli 5.3%¢ 2.7 1.4%¢
Patients with PC reactions (%)Y 2.9*¢ 2.0* 1.7¢

TABLE 5. Adverse reactions after transfusion of PCs

* PCs were prepared In plasma.

t PCs were prepared in plasma and PAS.

$ PCs were.prapared in plasma and PAS with P! treatment.

§ Total transfusion reactions including alloantibodies detected to RBC antigens.

il Transfusion reactions excluding RBC alloantibodies not associated with symptomatic
reactions. Chi-square test with a = 0.05, difference if p < 0.05: °P1 - P2, p = 0.0053;
°P2-P3, p=0.0214;,P1-P3,p=7Tx 10%,

Y Symptomatic reactions to PCs, excluding RBC alioantibodies.. Chi-sguare test with
a=0.08, difference if p < 0.05: *P1 - P2, p = 0.0084; *P2 - P3, p = 0.0779; °P1 ~ P3,
p=67x10", :
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cases of transfusion-related sepsis were reported in any
period. The incidence of transfusion-related adverse
events per 1000 PCs transfused was significantly reduced
‘with the implementation of PAS (p = 0.005) and further
reduced with the implementation of PI (p = 0.021). Analy-

_ sis of the incidence of transfusion-related adverse events

per patient demonstrated significant reduction after
implementation of PAS (p = 0.009) and further reduction
with the implementation of PI (p = 0.0779).

Utilization of PCs by intensively
transfused patients
To further characterize the impact of changes in PC pro-
duction, the utilization of PCs and RBCs by intensively
transfused patients with hematology-oncology disorders
was examined. Evaluation was restricted to Periods 1 and
3 since use of PAS without PI was only an intermediate
phase in the evolution of the PLT production- process
at EFS Alsace. During both Period 1 and Period 3 all PCs
were leukoreduced (<1 x,10° WBCs/PC), and the propor-
tion of whole blood-derived buffy coat and apheresis -
PCs remained: constant (62:38), respectively. Mean PLT
content per PC was lower during Period3 (4.2 x 10"} com-
pared to Period Y (5.2 x 10"") due to a decision to harmo-
nize the PLT content of both types of products.
Approximately similar numbers of = hematology-
oncology patients were transfused during Periods 1
and 3 (Table 6), Although the number of PCs transfused
per patient was increased during Period 3 compared to ,
Period 1, the total dose of PLTs per patient was not
increased(Table 7). The increase in the number of PCs
was due (o decreased PLT content per unit in Period 3
compared to Period 1. )

the observation pefiods. Although primary care physicians
were aware of the changes in methods of PLT production,”
they continued to prescribe PCs based on similar standard
of care guidelines in each of the observation periods. This
provided approximately: similar .clinical conditions to
monitor patient responses in each of the periods.

This analysis was based on a comprehensive longitu- -
dinal database that tracked greater than 99% of PCs with
respect to patient’ demographics and - utilization by
patients, In addition, thé response to transfusion with
respect to adverse outcomes was evaluated using an active
hemovigilance program?® for which data for greater than
99% of transfusions were reported .in the EFS Alsace
region. This_ study offered a unique opportunity’ to

- examine the impact of these changes in PLT production -

when implemented in rottine use for support of a broad
spectrum of patients. In addition, this study included
a. substantial population of intensively transfused
hematology-oncology patients who may have been more
sensitive to changes in the methods of PC production.

TABLE 6, Age demographics of

gy-or gy patients tr
__with PCs
Demographics - Period 1° Period 31
Numbar of patients 671 699
Number (%) of infants-toddierst 10 (1.5) 5(0.7)
Number (%} of children§ 49 (7.3) - 49 (7.0)

Number (%} of adultsll 612 (91.2) 645 (92.3)

* PCs wers prepared in plasma.

1 PCs were prepared in plasma ang PAS with P! treatment.

% Infants and toddiers were 1 month to less than 3 years of
age. N

§ ‘Children were 3 to 17 years of age.

It Adults were greater than 17 years of age.

DISCUSSION
In 2005, the EFS Alsace regional blood

TABLE.7, Utilization ot PLT and RBC components by

hematology-oncology patlents

center initiated changes in the routine Variable .

Perlod 1* Period 3t p valua
preparation of PCs with the introduction Number of patients 571 599 ”
of PAS, which was followed by imple- Number of PCs transfused .
mentation of Pl treatment in 2006, Each m:?f?a:nsm 87 :32 " js" 001
of these changes had the potential to Rangell 1-103 1-264
impact the PLT content of components, | Totai PLT dose
the utilization of components, and . Mealn = 8§D% 46.3 = 62.8 46.1 * 86.1 0.85
patient outcomes, To assess these - g::g’erl‘l 0.82-2366 ‘ 1.5‘_181";9 )
potential impacts, EFS .Alsace con- .| Number of RBC units transfused . -
ducted a retrospective analysis of three Mean§ : 152 = 16.5 - 136 184 0.10
different periods, each of approximately g:::‘e';,“ 0_3;’ - :_,'g ’

L'year duration. The comparison of each

assess the impact in a controlled
manner since the same blood center and

1 I ) * PCs were prepared in plasma.

of these innovations with conventional | t pcs were prepared in‘plasma with PAS and Pl treatment,
PCs in 100% plasma provided a means to } Mean number of PCs transfused per patient.

‘$ Mean total dose of PLTs (10") per patient,

§ Mean number of RBC units per patient.

(I Data expressed per patient.

processing staff prepared PCs in each of
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Patient demographics, in terms of age, sex, and
primary care service for PC transfusion, were comparable
between the three periods. Each of the observation
periods included between 1678 and 2069 patients with
transfusion of between 9151 and 13,241 PCs and 17,732 to
24,693 RBC units. Thus, this observational study encom-
passes a large experience, indeed much larger than that of
most clinical trials in transfusion medicine that have been
used to support implementation of major changes in
transfusion practice, such as leukoreduction and adjust-
ment of the transfusion threshold.5” When adjustments
were made for differences in PLT content of individual
components, there were no significant differences in the
total PLT dose required per patient; either for all patients
or for intensively transfused hematology-oncology
patients, Changes in the methods of PC production did
not impact utilization of RBCs, indicative of preservation
of effective hemostasis during periods of PLT transfusion
support. This observation is of particular interest with
respect to cardiovascular surgery patients and general
medical patients who have not been studied in the ran-
domized clinical trials of PCs treated with P1.5%* While the
utilization of PCs and RBCs did not change in response to
modifications in PLT processing, the incidence of adverse
events imputed to transfusions of PCs decreased on both a
per-transfusion and a per-patient basis. This observation

_is consistent with the significant reduction in acute trans~
fusion reactions noted in a prior large randomized clinical
trial.? Only a single case of TRALI was reported during

- each of these observation periods; this case was attribut-
able to high-titer HLA antibodies in a multiparous apher-
esis PLT dorior. No cases of transfusion-related sepsis were

_reported in any period. )

The conclusions regarding efficacy and safety that
may be drawn from this study are potentially limited due
to the lack of a blinded, randomized trial design. However,
the study has the advantage of comparative observation
periods in a single region in which the staff preparing the
PCs and the primary care physicians prescribing PCs and
monitoring patient outcomes remained relatively stable.
Moreover, the study was conducted in observation
periods when each of the PC methods reflected routine
production .practices, Thus, the study involved assess-
ment of the changes in PC production under realistic con-
ditions. In addition, monitoring of patient clinical
outcomes utilized objective measures, such as utilization
of PCs and RBCs, and an active hemovigilance program
with oversight by clinical monitors who were not associ-
ated with the blood center producing the blood compo-
nents. On the basis of these factors, we believe that the
data reported from this study indicate that PASs and PI
treatment can be implemented into routine practice
without impacting either PC or RBC utilization and with a
reduction in acute transfusion reactions. The experience
with respect to the- safety profile and tolerability of PCs

treated with PI in this study is consistent with that
reported for several other large postmarketing hemovigi-
lance studies.'®'? It is also similar to the Belgian experi-
ence of universal routine use of Intercept-inactivated PCs
for 3 years, that enables learning of how well the products
function in' broad populations’® In addition, the PI
process was used in place of gamma irradiation for pre-
" vention of TA-GVHD and in place of cytomegalovirus
serology resulting in the use of a single PLT inventory with
elimination of these additional tests and procedures.
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Therapeutic efficacy of platelet transfusion in patiénts with acute
~leukemia: an evaluation of methods

Torunn Q. Apelseth, Oystein Bruserud, Tore Wentzel-Larsen, and Tor Hervig

BACKGROUND: Clinical effect of platelet {PLT) trans-
fusion is monitored.by measures of PLT viability (PLT
recovery and survival) and functionality, In this study we
evaluate and compare transfusion effect measures in
patients with.chemotherapy-induced thrombocytopenia
due to treatment of acute leukemia.

STUDY DESIGN AND METHODS: Forty transfusions
(28 conventional gamma-irradiated and 12 pathogen-
inactivated photochemical-treated PLT concentrates
{PCs]) were investigated. PC quality was analyzed
immediately before transfusion. Samples were collected

_ from thrombocytopenic patients at 1 and 24 hours for-’
PLT increments and thromboelastography (TEG) with
assessments of bleeding score and intertransfusion
interval (IT1). Data were analyzed by Spearman’s corre-
lation. Patient and PC variables influencing'the effect of
transfusion were analyzed by use of a mixed-effects
model.

. RESULTS: PLT dose, storage time, and pathogen inac-
tivation correlated with PLT recovery but not with PLT
supvival (including T, TEG, or clinical bleeding: Fever
was negatively correlated with PLT survival but did not
affect PLT recovery. After 1 and 24 hours, strong corre-
lations were observed within measures of PLT viability
and between PLT increment and the TEG valus
maximal amplitude (MA). Negative correlation was
observed between late MA increment and clinical bleed-
ing status after transfusion (r = ~0.494, p = 0.008). PLT
count increments did not correlats to clinical bleeding
status,

CONCLUSIONS: PLT dose and quality of PCs are
important for optimal immaediate transfusion response,
whereas duration of transfusion effect is influenced
mainly by patient variables. The TEG value MA corre-
lates with PLT count increments-and bleeding, thus
reflecting both PLT viability and functionality.
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llogeneic platelet (PLT) transfusions are used to
prevent (prophylactic transfusions) and control
(therapeutic transfusions) bleeding in patients
réceiving intensive chemotherapy.™ But even
though the risks of severe transfusion reactions and trans-
mission of pathogens are minimized due to technologic
progress and pathogen reduction methods, PLT transfu-
sions are not free of complications.®® It is therefore impor-
tant to continue the search for an optimal transfusion
policy in patients receiving PLT transfusions. Large ran-
domized clinical trials are now performed aiming, to

- define the optimal use of PLT transfusions, both by evalu-

ation of transfusion strategies and by investigations of the
influence of variables like PLT dose and transfusion trig-
gers on the results of treatment. 33

The tests used.to assess the clinical efficacy of PLT
transfusion reflect different approaches to minimize
bleeding in patients. They influence routine transfusion

practice as well as the results of clinical PLT transfusion "

studies. The clinical effect of PLT transfusion is monitored
by measures of PLT viability and functionality. In studies
of thrombocytopenic patients, PLT viability is usually

ABBREVIATIONS: API = absolute platelet increment;

ITl = intertransfusion interval; MA = maximal amplitude;
PC{s} = platelet concentrate(s); PCT = photochemical treated;
TEG = thromboelastography,
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investigated by immediate PLT counit increments, reflect-
ing the PLT recovery together with late PLT count incre-
ment and intertransfusion interval (ITI) which reflects the
PLT survival,***2 PLT functionality mdy be monitored by
bleeding assessments'>'3.and point-of-care tests of hemo-
stasis and PLT function like the thromboelastography
(TEG) analysis." While PLT count increments are funda-
mental in the prophylactic PLT transfusion strategy, the
therapeutic transfusion strategy is based on bleeding
assessments.

In our study we aim to evaluate and compare
methods for measurement of clinical efficacy in acute leu-
kemija patients receiving regular:PLT transfusions due to
severe chemotherapy-induced thrombocytopenia.

MATERIALS AND METHODS

Study design

This prospective observational study was approved by the
local research ethics committee (Region I1l, University of
Bergen, Bergen, Norway), and patients were recruited
from the Section for Hematology, Department of Medi-
cine, at Haukeland University Hospital frém Déecember
2006 until April 2007. During the study period, all patients

diagnosed with acute Jeukemia expected to be in rieed of ]
PLT transfusions due to severe chemotherapy-induced

cytopenia were invited to participate in the study. With
one exception, all' patients accepted. After informed
written consent was obtained, 10 patients with acute leu-
kemia were included .in the study, giving a.total of 188
patient-days with chemotherapy-induced cytopenia. Of a
total of 109 PLT transfusions; 40 PLT transfusions were
selected to be characterized in detail based on the follow-
ing criteria: daytime transfusions and data collection
performed according to procedures. The study unit was
defined as the PLT transfusion.

Preparation of PLT concentrates for transfusion

All PLT concentrates (PCs) fulfilled the European require-
ments."® Single-donor PCs (n=17) were. collected by
single-needle apheresis procedure employing the elutria-
tion principle to provide leukoreduced PLTs- (Fenwal
Amicus cell separator, Baxter Healthcare Corp., Deerfield,
IL). Prestarage leukofiltered buffy coat PCs (n = 23) were

produced by use of antomated procedures (OrbiSac, Car- -

idianBCT, Inc., Lakewood, CO). Twelve of the 40 single-
donor and buffy-coat PCs were pathogen inactivated by
photachemical treatment using amotasalen and UVA light
(Intercept Blood System for Platelets, Cerus Corp.,
Concord, CA). Photochemical-treated (PCT) PCs were
suspended in PASII (Intersol, Fenwal, Inc., Lake Zurich,
IL) and conventional PCs in PAS II (T-sol, Fenwal, Inc.)
with 35% to 37% autologous plasma. Conventional PCs

MONITORING PLATELET TRANSFUSION EFFICACY

(n=28) were gamma:-irradiated immediately before
transfusion (25 Gy; Gammacell 3000 Elan, Nordion Inter-
national, Inc,, Ottawa, Ontario, Canada), PCs were stored
up to 168 hours at 22 = 2°C under constant agitation in a
flatbed PLT .incubator (Helmer, Noblesville, IN). Bacterial
testing was performed on all conventional PCs (BacT/
ALERT, bioMerieux, Inc., Marcy I'Etoile, France). The
preparation method of PCs transfused was not influenced
by the investigators,

Patients

All patients were treated according to the same institu- -

tional .guidelines with conventional intravenous
cytarabine-based chemotherapy,and all developed severe
chemotherapy-induced leukopenia with neutrophil

counts below 0.5 x 10°/L. PLT transfusions were requested -

by the patient's physician in accordance with interna-
tional guidelines.**® Prophylactic PLT transfusions were
given to nonfebrile and clinically stable patients with
peripheral blood PLT counts below 10 x 10°/L and to

febrile patients when PLT counts were below 20 x 10%/L. In.

patients with increased risk of bleeding (e.g., before inva-

sive procedures or recent hemorrhage) or ongoing. bleed--

ing, PLT transfusions were administered when peripheral

blood PLT counts were below 20x 10° to 50 x 10%/L..

Patients were examined for human leukocyte antibodies
(FlowPRA Class I screening test, One Lambda, Inc.,
Canoga Park, CA) and human PLT antibodies.'® Reticu-
lated PLTs were examined regularly and used for predic-
tion of hematopoietic reconstitution.!”

Investigation procedure

A sample was drawn by sterile procedures from the PCs
immediately before transfusion. ‘The following analyses
were performied for characterization of PC quality: 1) PLT

_dose, that is, number of CD61+ PLTs in PC and CD61+ PLT

microparticles'® (Cell-Dyn CD4000, Abbott Laboratories,
Round Lake, IL); 2) metabolic variables, that is, pH at22°C,
pCO, HCOs, p0;, and concentrations of glucose and
lactate (ABL' 725, Radiometer Copenhagen, Denmark;
Modular, Hitachi High-Technologies Corp., Tokyo, Japan);

o
[2)}

3) PLT density (mean PLT component) concentration |

(Advia 120, Bayer HealthCare, Tarrytown, NY); and 4)
lactate dehydrogenase (LDH; Modular, Hitachi High-
Technologies Corp.).'*!® Preparation method and storage
time were registered for each PC.

Blood samples from the study panems were collected
through a 'central venous catheter before (<8 hr) transfu-
sion, 45 to 120 minutes after transfusion, and 18 to 24 hours
after transfusjon for examination of PLT counts (Cell-Dyn

'CD4000, Abbott Laboratories) and TEG (TEG hemostasis

system 5000 series, Software Version 4.2, Haemoscope
Corp., Niles, IL). For every study transfusion, the following
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patient characteristics were evaluated: pretransfusion PLT
count, bleeding, patient weight, fever at time of transfu-
sion, infection (i.e., patient diagnosed with neutropenic
fever, treatment with antibiotics, and/or serum level of
C-reactive protein =100 mg/L the day of transfusion), and
treatment with steroids or granulocyte-colony stimulating
factor (G-CSF). In addition white blood cell counts, medi-
cation, ABO and HLA compatibility of transfusion, occur-
rence of transfusion complications, transfusion sequence

. number, and ITI were registered throughout study period.
Event charts including transfusion patterns, reticulated
PLT counts, PLT counts, and duration of neutropenia were
made for all patients and treatment cycles to serve as basis
for.interpretation of results.

Methods for documentation of transfusion effect
Posttransfusion absolute PLT increment (AP)) is affected
by quality and number of PLTs transfused, as well as the

* - dilution of PLTs in the patient’s blood volume. According

to Europedn recommendations, we defined that an
acceptable immediate API (at 1hr after transfusion)
occurred when PLT transfusion raised the PLT count
above the transfusion threshold, that is, greater than
10 x 10°/L.° To adjust for differences in PLT dose and blood
volume of the patient, the corrected count increment
(CCD was calculated by use of the formula®®

_ APIxbody surface area (m?)x10"

ca Number of PLTs transfused

According to international guidelines, a. successful
fransfusion was defined as a CCI of more than 7.5 for
immediate clinical effect (PLT recovery) and a CCl of more
than 4.5 for late clinical effect (PLT survival).*® Body

. surface area was estimated by the formula of DuBois and
DuBois.?!

ITI was defined as hours from onset of study transfu-
sion to the onset of the subsequent transfusion. When the
interval between transfusions was more than 240 hours,
which is longer than the expected life span of transfused
PLTs,222 we assumed that autologous PLT recovery had
occurred, and transfusions were excluded from analysis.

Bleeding assessments consisting of physical exami-
nation and patient interview were performed  each
morning by trained nurses working at the hematologic
ward.' For additional clinical information, the medical

- records of the patients were consulted. The bleeding
assessments were reviewed independently by two adjudi-
cators and graded in accordance with the WHO hemo-
static assessments.? If disagreement occurred, the patient
data were evaluated by a third adjudicator and consensus
was achieved, WHO Grade of 2 or more was defined as
primary bleeding endpoint according to recent PLT
studies.'**** Accordingly therapeutic transfusions were
defined as transfusions given to patients with WHO Grade
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2 or more bleedings before transfusion. The proportion of
days with WHO Grade 2 or more bleeding duririg neutro-
penia was calculated.' To evaluate WHO bleeding assess-
ments used for daily monitoring of PLT transfusion effect,
we “calculated the difference in WHO bleeding status
before and after each transfusjon.

The blood coagulation process in patiénts before and
after transfusion was investigated by TEG in - citrated
‘kaolin samples with heparinase cups to avoid contamina-
tion of sample by heparin from the central venous cath-
eter. The [following variables were investigated: 1) R,
‘Teaction time, the time to the beginning of clot formation,
reflecting the level of coagulation factors; 2) angle (o), the
buildup and cross-linking of fibrin, dependent on suffi-
cient amounts of fibrinogen, thrombin, and PLTs; and
3) MA, the maximum amplitude, a measurement of

_ maximum' strength ‘or stiffness of the developed clot,

reflecting the amount and functional capacity of PLTs
including their interaction with fibrin.'* Reference levels
were provided by the manufacturer,

Statistical analysis

Descriptive statistics were performed by use of computer.

software (SPSS 15.0 for Windows, SPSS, Chicago, IL) and
results are presented as mean * standard deviation (SD)-if
not otherwise stated. When analyzing PC characteristics
not influenced by individual patient effects, two-sample t
tests were performed (SPSS, Version 15.0). Al patient data

' were analyzed, adjusted for individual patient effects.

Analyses of dichotomous data were performed with

_ generalized estimating equations (package gee, R Version

2.8.0; http://www.R-project.org, The R Foundation for Sta-
tistical Computing, Vienna, Austria), Correlation analysis,
not adjusted for individual patient effect, was performed
by Spearman’s correlation (SPSS, Version 15.0) due to
partly categorical data. Confidence intervals (Cls) were
calculated as bootstrap BC, Cls (package boot, R Version
2.8.1, The R Foundation for Statistical Computing).?® Dif-

ferences were considered significant when p values were

less than 0.05.
To separate the effects of PC and patient variables on
transfusion .outcome measures, mixed-effects model

(package nlme, R Version 2.8.0, The R Foundation for Sta-

tistical Computing) was performed.?* If random parts of

. the mixed-effects model were unstable, generalized least

squares were-used. In this analysis we investigated the
relationship between posttransfusion values of PLT
counts, posttransfusion TEG values, and IT! and the fol-
lowing variables: fever, transfusion sequence number,
patient weight, bleeding of WHO Grade 2 or more, PLT.
dose, storage time, preparation technique, and ABO iden-
tity. Analyses of PLT counts and TEG values were adjusted
for time and pretransfusion values. The selection of
variables investigated was based on previously published

articles,®31% and the number of variables was adapted
to the total number of study transfusions. Mixed-effects

_ analysis could not be performed for bleeding status due to

the categorical nature of the variable.

RESULTS

Patients and PCs
Ten patients, four males and six females, diagnosed with

.acute myelogenous leukemia (eight patients) or acute

lymphoblastic leukemia (two patients), were included in
the study. Transfusion requirements were followed by the
investigators from the-administration of chemotherapy
(five remission induction and eight consolidation treat-
ment cycles) to hér_natopoien’c reconstitution (i.e.,

- =0.5x 10°/L neutrophil granulocytes in blood samples

and no need for PLT transfusion), patient withdrawal (two

_patients), or death of patient (one patient, due to infec-

tion}. All patients (ages 21-62 years) had a history of pre-
vious pregnancies and/or previous PLT transfusions, but
no patient with ‘previous splenectomy or disseminated
intravascular coagulation was included in the . study
Patients with HLA antibodies were transfused with HLA
Class I-matched PCs (three patients) according to inter-
national- guidelines.? One patient was diagnosed with

- - weak positive HPA antibody at the time of inclusion and

transfused according to routine practice without HPA-
matched PCs. No patient developed HLA or HPA anti-
bodies during the ‘study. All transfusions were ABO
compatible, by means of recipient having no antibodies
incompatible with the red blood. cell type of donor. One
patient was diagnosed with neutropenic septicemia.
These transfusions (four) were grouped and analyzed
togetherwith the transfusions given to patients with infec-
tion. In 11 transfusions, patients received treatment with
hematopoietic growth factors Three of these transfusions
were given to acute lymphoblastic leukemia patients
treated according to the Hyper-CVAD regimen and eight
transfusions to acute myelogenous leukernia patients due
to severe bacterial infections, The mean PLT dose given
was 2.79 (range, 1.46-4.42) x 10" per unit, and mean
storage time of the PC was 86 (range, 21-167) hours. The
metabolic status of the PC was as follows {mean = SD):
pH (22°C) 7.22 # 0.14, pCO, 2.98 * 0.47 kPa, p0, 17.3 £

. 2.1 kPa, glucose concentration 5.18 * 1.55 mmol/L, and

lactate concentration 7.35 * 3.64 mmol/L. The LDH con-

centration was 135 (range, 21-522) U/L, and_the mean -

level of PLT microparticles was 26 (range, 6.7-
50.6) x 10°%/L. . :

Effect of PLT transfusion

PLT viability
PLT viability was evaluated by PLT count increments and

calculation of ITI. PLT transfusion increased peripheral

MONITORING PLATELET TRANSFUSION EFFICACY.

blood PLT counts after both 1 hour {mean increass,

12:5% 10°/L; 95% CI, 10.0 x 10°-14.9.x 10°/L) and 18to 24

hours (mean increase, 7.2x10°/L; 95% CI, 4.7.x10°
9.7x 10%/L). Significant correlations  were observed
between pre- and positransfusion patient PLT counts
(after 1hr, r=0.569, p<0.001; after 24 hr, r=0.457,
p =0.005). ’

Forty-six percent of PLT transfusions raised the
patients’ immediate PLT counts above the transfusion
threshold, that is, more than 10.x 10%/L, and were thus
defined as acceptable according to the European recom-
mendations.” When evaluating PLT viability by use' of
CCls, 46% of the study transfusions were classified as suc-
cessful after.1 hour, whereas 53% of transfusions fulfilled
predefined criteria after 24 hours. Eight out of 10 patients

received more than.one transfusion per treatment cycle,

and all of them experienced both successful transfusions
and transfusion failures (Fig. 1). The results of compara-
tive analysis of patient and PC.characteristics in successful
transfusions and’ transfusion failures are reported in
Table 1. When evaluated by immediate response, the suc-
cessful PLT transfusions were differentiated from transfu-.
sion failures by superior PLT quality (Table 1). In contrast,
successful PLT transfusions evaluated by late response
showed favorable patient characteristics. Mean ITI was 41
(range, 7-121) hours, and there was no significantly higher
ITEin PLT transfusions characterized as successful by CCls
after either 1 or 24 hours: ’

PLT tunctionality

- Eight patients experienced minor bleedings (petechiae

and minor nosebleed), giving a total of 34 days (18.0%)
with WHO Grade 1 bleedings during the total study period
(188 patient-days). Only four patients experienced WHO
Grade 2 or 3 bleeds, giving proportions of 7.4 and 2.1% of
total patient-days, respectively. The time to first bleeding
(WHO Grade = 2) varied between 1 and 15 days and the
individual proportion of days with Grade 2 or 3 bleeds

100

varied from 6.3% to 66.7% for the affected patients (Fig. 1), .

No WHO Grade 4 bleed was observed during the study
period. The bleeding event chart did not indicat¢ any
association between time to the first bleed and individual

- number of bleeds; rather, it'did illustrate the individual

differenices in bleeding pattern among patients with the
similar diagnosis and PLT counts (Fig. 1). In spite of high
frequency of PLT transfusions, bleedings still occurred,
and patients with the similar morning PLT counts did not
experience the same number, timing, and severity of
bleeding. Significant correlations were observed between
1) WHO bleeding status before and after transfusion
(r=0.639, p<0.001) and 2) WHO" bleeding status after
transfusion and ITI (r =-0.380, p = 0.020). No significant
correlation was observed between pretransfusion PLT
counts and bleeding assessment before and 24 hours
after transfusion, neither was any corrélation observed
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ing of R, increased angle, or MA incre-
ment - after PLT transfusion when
evaluated by correlation analysis.

How do the methods monitoring
clinical effect of PLT transfusion
intercorrelate?
Correlation analyses of the investigated
methods for documentation. of PLT
transfusion were performed, and the
results are presented in Table 3. Strong
correlations were observed between the
methods based on PLT counts (API, CCI,
IT1, and MA) when used for evaluation
of transfusion effects after both 1 hour
_ and 24 hours. A negative correlation was
observed between the increase in MA
after 24 hours and the calculated
difference in bleeding status after
transfusion. Correspondingly, a nega-

tive correlation was observed between
MA increment after-24 hours and clini-
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cal bleeding status after transfusion
(r=-0.494, p=0.008). No correlation

ments and calculated difference in
bleeding status or clinical bleeding

Days with neutropenia

Fig. 1. The bleeding event chart displays WHO Grade 2 or higher bleedings, PLT
transfusions, and morning PLT count during neutropenia for each patient and treat-
ment cycle. During a total of 188 patient days, a total of 52 bleedings were reported:
34 minor bleeds (WHO Grade 1) and 18 clinically significant bleeds {14 WHO Grade 2
and four WHO Grade 3), The bleeding event chart illustrates the individual differ-
ences in bleeding pattern among patients with the similar diagnosis and PLT counts,
During the study period two patient withdrawals (Patients 2b and 9) and one death

(Patient 10) occurred.

between PLT count increments and change in clinical
bleeding status after transfusion. When calculating the
difference in WHO bleeding status before and after trans-
‘fusion, no effect of PLT transfusion was observed either for
the total of transfusions (mean * SD, ~0.03 + 0.73) nor for
the seven therapeutic transfusions when analyzed sepa-
rately (mean = SD, 0.14 * 1.01).

" The overall results of investigations by the TEG ana-

%

lyzer are reported in Table 2. PLT transfusion had an

immediate but transient effect on initial clot formation

that was reflected in the R and angle variables, whereas

_ the effect on PLT clot strength and stability, the MA value,
persisted until the next day. No effect was-observed on PLT
dose or the number of PLT microparticles on the shorten-
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- 0.02 % m*/L and 1.7 PLTs x m?/1, respectively. Additional *

T _status before or after transfusion,
30
Variables influencing effect of
PLT transfusion

The effect of PLT t:ansfuslon varies

between individual transfusions within
patient and treatment cycle, but also
between patients. The analysis of vari-
-.ables influencing outcome of PLT
transfusion was therefore adjusted for
-individual - patient effect.. We found
that the selected patient variables
(transfusion sequence number,
bleeding = WHO Grade 2, fever, and
patient weight) and PC variables (storage time, PLT dose,
preparation technique, and ABO identity) influenced the

‘different methods for documentations of ‘transfusion

effect differently (Table 4). .
Elevation of PLT dose by.1 x 10" per unit led to a
mean increase’ in posttransfusion PLT count by
3.2 x 10%/L, whereas prolonged storage time. (by 1 hr) or
pathogen inactivation by photochemical treatment
reduced the posttransfusion PLT count by 0.04 x 10° and

3.9%x 10%L, respectively. Corréspondingly prolonged -

storage time or pathogen inactivation reduced CCI by

investigations showed reduced PLT dose and quality in
pathogen inactivated PCs (Table 5). Patients being febrile

_MONITORING PLATELET TRANSFUSION EFFICACY v

was observed between PLT count incre- .

TABLE 1. Characteristics of successful transfusions versus transfusion fallures

CCl after 1 hr

CCl after 24 hr

Variable : CCl>7.5,n=17 (46%)

CCl=75n=20 CCI>45 n=19(53%) CCl=45n=17

Patient variables

Fever : ’ 7 (41) 3 (15) 3(16) 8 (4Nt
Infection : ) 12 (71) 11 (55) g(42) ° 14 (82)1
G-CSF . . 4(249) 9 .{45) 5 (26) 10 (59)t

PLT variables
ABO-identical transfusion . 12(71) 13 (65) 12 (63) . 12 (71)
Storage time (hr) 60 = 30 106 = 45% 78 + 39 90 = 46
PLT dose (x10" per unit) 2.78 £ 0.63 2,81 = 0,65 2.65 £ 0.57 3.07 £ 0.62¢
PLT concentration (x10%1) 929 x 220 884 = 147 888 + 157 970 * 203
Volume: (mL) 301 £33 307 = 42 298 = 37 | 318 =33
pH at 22°C (mmHg) - 730 £ 0.12 717 2 012 723 =015 - 7.22 = 0.14
pCO: (kPa) 321 £ 043 2:81 £ 0.37% 3.08 > 0.38 2.97 £ 0.48
HCO; (mmol/L) 7308 .50 = 1.5¢ 64216 87+18
pQ: (kPa) 17.0 x 2.1 175219 171220 17.3 x22
Glucose (mmollL) 612089 4.5 1.5¢ §2+17 54 =14
Lactate {mmoli} 52 *3.0 8.9 *35¢ 8534 8.4 x39
PLT density (mean PLT componem) (g/dL} 18809 19.2 * 0.8} 19.6 = 0.8 194 * 1.0

PLT microparticles. (x10%) o212 30 = 10t . 2512 25=10

LDH (UA) . ! 85 * 66 162" > 1093 "~ 103 + 64 1568 + 149

* Results are presented as number {%).or mean.= SO. X R .

1 p <0.05.for dlfference il and nor ful transfusions (test for dict nous data adj for individual patient effect

ges, R]). . . .
1 L < 0.05 for dlﬂerance JI and rionst ful transtusions (t test for independent samples, SPSS 15.0),

When evaluated after 24.hours, correla-

TABLE 2. 1 ig

s by TEG analyzer* '

tions were observed between PLT count

Time i R (min) Angle (degree)

Before transfusion 8217 47 = 11
1 hr after transfusion 6.8 = 1.61 58 = 81
24 hr after transfusion 87 +1.8 508

MA (mm) increments and fever, - transfusion
43=11 | sequence number, and pathogeri inacti-
52 = gt |

29 « 10t vation. No significant correlation was

sented as mean + 8D, n= 33.

* Test for coritinuous data adjusted for patient effect (package nime, R). Resuits are pre-

1 p <0.05 for difference between posttransfusion and pretransfusion value:

observed between ITIs and the patient

no significant correlation was observed

at time of transfusion experienced a mean reduction of
the IT1 by 39% compared to nonfebrile patients (Table 4).
The mean ITI was 27 + 8 hours in febrile transfusions ar\d
46 + 30 hotrs in nonfebrile transfusions.

Whereas the selected patient or PC variables showed
significant influence on the measurements of PLT viability
(PLT count increments and IT]), no significant influence
was observed on PLT functionality measured by TEG.
Mixed-effects analysis could not be performed for
bleeding status. :

Correlation analysis of variables influencing effect of
PLT transfusion

.Spearman’s correlation analysis was performed to sepa-

rate between variables influencing immediate and late.
clinical outcome of PLT transfusion. The analysis included
bleeding outcomes and was not ad]usted for individual
patient effect, K
The immediate clinical eﬁect of PLT transfusion
evaluated by measurements of PLT viability (PLT count
increments) showed strong correlations to PLT dose,
storage time, and pathogen inactivation by PCT (Table 6).

between the PLT functionality measure
" bleeding outcome and the investigated
patient and PC variables. No correlation was observed for
the TEG values R and angle, while a negative correlation
was observed between MA increment after 24 hours and
patient weight (Table 6). In summary, the results of corre-
lation analysis show that PLT-related factors mainly influ-
ence the immediate clinical effect of PLT transfusions,
whereas patient-related factors influence Jate clinical
effect.

DISCUSSION

In this study we aimed to evaluate and compare methods
used for documentation of clinical efficacy of PLT transfu-
sions in patients receiving regilar PLT transfusions due to
severe chemotherapy-induced thrombocytopenia. Our,
results illustrate the advantages and disadvantages of the
different methods when used for documentation of clini-

cal effect of regular PLT transfusions. The cha.l.lenges iden-

tified are discussed below.

By statistical analysis of 40 PLT transfusions we

observed that PLT viability was affected by both patient-
and PC-related variables. The variables.identified in our

Volume 50, April 2010 TRANSFUSION 771

or PC variables investigated. Similarly,

Lan |
o
—



APELSETH ET AL.

TABLE 3. Correlation of methods for d

wation of transfusion effect*

Transfusion outcome measure CCl intervai (hr)

Transfusion  24-hr posttransfusion difference  ,_Posttransfusion difference in TEG values

i WHO bleeding status . ’ R {min) Angle (degree) . “MA (mm)
APL
After 1 hr o.g18t 0.308 0.251 -0.4063% 0.403% *0,507¢
After 24 hr 0.952t 0.5491 ~0.037 0.109 0.155 0.460%
cci ; ) :
After 1 hr 0.275 0.212 ~0.330 0.410% 0.440%
After 24 hr 0.518¢ -0.064 . 0.052 0.173 0.427¢
- Transfusion interval (hr) :
After 1hr "~ 0.302 -0.458% 0362t - 0.035
After 24 hr 0.302 0.091 - 0.306~ 0.263
24 hr posttransfusion difference ’ '
in WHO bleeding grade .
After 1 hr ~0.003 0.042 0.157
After 24 hr -0.147 0.015 ~0.382¢
Posttranstusion difference
" in TEG values
R (min)
After 1 hr -0.5621 . -0.100 .
“After 24 hr -0.6381 0,015
Angle (degree)
After-1 hr 0.485%1
After 24 hr ; 0.352

1 Correlation is significant at the 0.01 level.
} Correlation is significant at the 0.05 level.

* Results shown as correlation coefficient (Spearman 's correlation, SPSS 15.0), n = 40,

effect ot PLT transfusion*

TABLE 4. Patlent and PC variables that signiticantly influence clinical

transfusions with lower PLT dvose,33 A
higher number of bleeds defined as

WHO Grade 2 or higher and higher

CCl (PLTs x m#/L), n =
Decreased CCI

—0,65 to -0.00 0.041

| i i {7
Z:n(si::u;:)o:!coze measure Mean difference 95% Cl p valug number of transfusions has previou sty
X N =
Increased API: been descnbed in patients being trans-
PLT dose (by 1 x 10" per unit) 3.2 0.3t06.1 0.083 fused with low-dose PCs.!? The majority
Decreased API: of our study transfusions (28 of 40)
Storage time (per hr) -0.04 -0.07 to -0.00 0.032 wd h b defined ) d
Pathogen macnvatlon by PCT (yes) Y 7410-05 0.027 wo ave been dehined as low-dose

transfusions according to this publica-
tion, and a low range of PLT dose may

Storage time (per hr) -0.02 . . N
Pathogen inactivation by PCT (yes) -1.7 2710 -0.6 0.003 therefore explain why no. correlation
Transtusion interval, n = 37 was observed between PLT dose and
% Reduction : bleeding in our study.
Fever (yes) 38 14 to 57 0.008

* Analyzed by mixed-effects model (package nime, R).

Outcome measures based on
bleeding are complex because the clini-

study are in accordance with previous publications.?33!%
Evaluated by measures of PLT viability, PLT recovery was
influenced by PC variables only, whereas PLT survival was
influenced mainly by patient variables. Being a retrospec-
tive variable, the importance of calculated ITL in daily
' monitoring of thrombocytopenic patients is limited. It is
also' dependent on the individual transfusion trigger
chosen for each patient, which makes comparisons
between patients difficult.

PLT dose may influence both API and the calculated
CCls. As shown in our study, higher PLT dose may be
observed in transfusions with lower CCls. As discussed in
a previous publication, this observation may be explairied
by the formula for calculation of CCI, which favors PLT
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cal impact of bleedings depend both on
severity and on location. A calculation

of dlfference inWHO bleeding status before and after each .

transfusion implies treating bleeding as a continuous vari-
able, which it is not. The use of bleeding assessments in
the evaluation of clinical effect of PLT transfusion there-
fore requires a different approach. Webert and col-
leagues?®” have shown that minor bleedings (WHO Grade
1) predict clinical significant bleedings (WHO Grade 2, 3,
or4) and that cumulative incidence furictions for bleeding
(Grade 1, 2, 3, or 4) increases with time. Correspondingly,
we observed that the WHO bleeding status before and
after transfusion was correlated. Webert and colleagues,
however, found that the risk factors for mild bleeding
included decreased PLT count, an association that was not

confirmed by our observations. In our 40 transfusions, we

MbNITORINGvPLATELET TRANSFUS!QN EFFICACY

TABLE 5. PLT viabllity and transfusion characteristics presénted according to preparation techniques

Transfusion outcome measure

Conventional gamma-irradiated

Pathogen inactivated (PCT)

and variables PCs, n=28 PCs, n=12 p value
PLT viability* y :
Cl after'1'hr 15¢8 74 0.003
CCl after 1 hr 9.2z 41 83=x27 0.005
Cf after 24 hr 9=x8 286 0.196
CCl after 24 hr ©68=x48 1.8+ 44 . 0.890 -
Transfusion interval (hr} 43 29 36 x 24 0.360
PLT variablest - .- . .
Storage time (hr) : 86 * 46 86 * 40 : . 0.978
PLT dose (x10° per unit) 296 + 0.63 241 = 0.46 ©. 0.009
pH at 22°C (mmHg) 7.26 £0.13 7.13 = 0.10 . 0.004,
~ pCO, (kPa) . 3.11 £ 039 2,66 = 0.50 0.004
. HCOy (mmol/L) ' : 6.6 13 43%12° <0001
pO; (kPa) . . ) 166 + 1.8 19017 . <0.001
LDH (UL) o B 96 = 67 224 + 148 0.014

1 t test for two Indeperident samples (SPSS).

* Test for continuous data adjusted for patient effect (package nime, R}).

" TABLE 6. Patient and PC variables that significantly correlated to clinical effect of transfusion*

Transfusion outcome measure Correlation cosfficient . 95% Cl ,-" ‘p value
(API after 1 hr {x10%L) . o g .
PLT dose . 0.477 0.194 to0 0.678 - 0.003
Storage time . ! -0.329 -0.608 to -0.001 0.047
Pathogen inactivation -0.519 -0.712t0 0.251 0.001
CCl after 1 hr (PLTs x m¥/L.) .
Storage time .. . © -0.420 -0.651 to -0.110 | : 0.010
Pathogen inactivation i . .. -0.438 ~0.861 to —0.154 - . 0.007
AP after.24 hr {x1 0°/L) .
Fevar - -0.386 —0.631 10 0.074 : . 0.020
Transfusion 'sequence number ~0.392 -0.654 to ~0.048 0.018
Pathogen inactivation -0.408 -0.652 to =0.050 0.014
CCl after 24 hr (PLTs xmél)’ ! . .
Fever < i ~0.444 -0.664 to -0.154 ’ 0.007
Transfusion sequenoe number -0.422 ~0.682 o ~0.084. 0.010
Pathogen inactivation’ | ; ~0.364 ~0.638'10 0.009 0,029
MA increment after 24 hr (mm) . . . . s
Patient weight. -0.439 -0.709 to 0.019 . 0.019

* Analyzed by Spearman’s corrslation (SPSS 15.0) and bootstrap BC, Ct calculation (R).

observed no significant correlation between pretransfu-
sion PLT cqunts and bleeding assessment before and 24
hours after transfusion, neither was any correlation
observed between PLT countincrements.and change in
clinical bleeding status after transfusion. This observation
corresponds to the results of Friedmann and coworkers®
who found no relationship between the lowest PLT couint
of the day and the risk of hemorrhage when investigating
2942 patients over a period of 10 years. These differences
in conclusions maybe explained by inconsistent reporting
of ‘bleeds (i.e., problems with separation of new and
ongoing bleeds) or individual differences in grading and
interpretation of bleeds by adjudicators, yet the discrep:
ancy strongly indicates that the present bleeding assess-
ment scheme does not provide the information needed to
serve as documentation of clinical effect of PLT transfu-
sion. In accordance with Heddle and colleagues' we
therefore recommend a reevaluation of the present bleed-
ing assessment scheme,

" As individual patient and PC variables influence the
methods for documentation and: clinical evaluation of
transfusion differently, a direct comparison between
transfusion outcome measures was difficult to perform.
By correlation analyses, however, we found no consistent
correlation between measures of PLT viability and func-
tionality. The strongest correlations were observed within
measurements of PLT viability and between PLT count
increments and MA, which reflects PLT number as well as
functionality of PLTs, A negative correlation was, however,
observed between clinical bleeding status and late MA
increment, indicating that a high MA inicrement may be
associated with less clinical bleeding. A previous publica-
tion reports that nonactivated thromboelastography was

102 -

sufficiently sensitive to monitor changes after PLT trans-

fusion in patients with severe to mild thrombocytopenia.”
Our observations confirm that the effect of PLT transfu-
sion can be visualized by TEG analysis, but by showing an
association to clinical bleeding status they also indicate
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APELSETH ET AL.

that TEG may be a potentially useful surrogate measure of
PLT functionality.

Based on our observations we conclude that further
investigations and standardization of methods are needed
for better documentation of PLT transfusion outcome and
identification of patients at risk of bleeding. Our observa-
tions also indicate that both PLT dose and high quality of
PC are important for achieving an optimal immediate
response to PLT transfusions whereas duration of transfu-
sion effect is influenced mainly by patient variables.
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1 - Merits of Pathogen Reductlon Technology as
. an Alternatlve to Donor Screenlng and Testlng

. . - Advantag o .
) Current FDA C0n3|derat|0ns. I ;{hgvineeﬁectvve against many organisms including some

emerging pathogens

on Pathogen | RedU.Ction_ o ~+ May prevent GVHD and other whc related adverse events

. K A e Disadvantages
Jaro Vostal,-MD, PhD . ' ' . » “May not be effective agalnst all organlsms

Jay Epstein, MD : - * May not be 100% ef'fectlve even against sensitive
' : pathogens :

* Current technologles are not applicable to all types of

Center \for;BioIogics Evaluation and Research

“U.S. Food and Drug Administration (FDA) . C " transfusion products
' RN ' S ' « May have toxicity due to resndual compounds
September 2010 - T ) + May damage the transfusion product

. * May flead to alloimmunization by neoantigens
“+ May cause unexpected adverse events

104

. R#HIZOE FDADTREH, : : ) E?ﬁk?% Fomﬂﬁa
Merits of the Current Approach of Donor = Recommendatlon of the HHS Adwsory
Screenlng and Test.lng - Committee on Blood Safety and Availability

Advantage | B | | (ACBSA) Regardmg Pathogen Reductlon
+ No toxicity issues for recipients of products o :

.+ Detection is specific for particular agents

~ + New methods can be developed for novel and emerging

. Ata meetlng in- January 2008 the ACBSA recommended

pathogens ‘ ' : o that the Department should: _
‘ ' ‘ R . SR Adopt as a high priority the urgent development of safe -
Disadvantages ' . and effective pathogen reduction technologies for all
* For certain pathogens detection is not 100% successful o v _blood transfusion products and lmplementatlon as they
— Bacteria S . , : become available”
— Protozoa ‘ : T

+ FDA fully supports the ACBSA recommendatlon through

— Viral (window period
( P ) |ts evaluatron of Pathogen Reduction Technologies ,

e Development of detection methods for novel and -
emer?mg pathogens would be delayed due to lack of
knowledge about the pathogen

-« Additional tests for emerging pathogens increase cost
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Benefits of Pathogen Reduced Products
Should Outweigh the Risks

Benefit =

Reduction of Current risks:
*HTLV - 1/2,993,000
*HIV - 1/2,135,000
e Ty
Tox1c'1ty, adverse events “HBV 1/ 277.000
should be much less *Sepsis 1/ - 86,000!

than the expected benefits

<< 1/86,000 Reductiou of future risks: -

*Emerging pathogens 1/??77?

1) Edér, A. F. etal. Transfusion 2009, 49:1554-1563 -

RIS DE, FDAU)T&WH,

Determlnatlon of the Risks Associated
- with: Pathogen Reduced Components

-+ Pre-clinical evaluation
» Clinical trials in healthy volunteers

. Plvotal evaluation of efficacy and safety through
clinical trials in transfused’ patients

fp Prospectrve randomized, blinded clinical trials of -
PR treated vs. conventional transfuswn products

* Platelets
* Red cellvs
* Plasma

E?ﬁl-o% FOAD T B&H,

: Phase IH Cllnlcal Trials of Pathogen Reduced

Red Cell Products

‘Cerus S303 and Vitex pen 110
. Pa-tients developed antibodies to treated red cells
. Both'gsponsors_ voluntarily halted their trials

Benjamin, R.J., ISBT Science Series (2006) 1, 222-226

B DE, FOAD T RHFH.

Cllnlcal Endpoints that Reﬂect Efficacy and
Safety of a Platelet Transfusion Product

. Efflcacy :

-~ Transfusion response (oorrected count lncrement
(CCI)

- Transfusron frequency -
L= Bleedlng Frequency (Grades 2-4)
. Safety
= ,Adverse‘ events
'~ Alloimmunization

" 105
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Clmlcal Trials of PR Platelets in
- Thrombocytopenic Patlents

. Prospectlve studies
— Sprint and Eurosprlte trials (Cerus)
— Hovon 86 (Dutch Blood Serwce)

— Mirasol trial (Candlan)

e Survelllance studles on routine use of PR platelets
— France and Belgium

EAfil 0%, FOAD TRHH.,

Pathogen Reduced Platelets Have Lower_'
- Corrected Count Increments (CCl)

% of plasma

| Clinical Trial | Patientsin P value
N study - stored platelets.
. CCI at1hr
" | SPRINT L. 645 -31% <0.001
HOVON'b - 1184 -31% <0.0001
MIRASOL ¢ | 118 -31% <0.0001 |-

1= UVA/psoralén

2 = UVBfriboflavin -

a= McCullough, J et al Blood. 2004 Sep 1;104(5):1534-41.
-b = Kerkhoffs JL et al. Br J Haematol. 2010 Jul;150(2): 209—17
¢ = Goodrich et al. Transfusmn May 2010

: E?ﬁkcé FDA@?“?# ;

Hemostatlc Efflcacy for uv A/psoralen
~ (Intercept) Treated Platelets .

SPRINT _study Control platelets / Pathqgen reduced : p :
o B ‘platelets ‘ -
| Proportion of pts 58.5% 57.5% NS for
with Grade 2. inferiority
bleeding : »
Days of Grade 2 2.5 32 0.023
bleeding - : , o .
% patients with 34 43 002
Grade2-4
bleeding -
HOVON study .| Control platelets ~Pathogen p
E . reduced ‘
. . _ platelets: - o
% of patients with 19 32 0.034
‘ Grade 1-3 '
bleeding

Eiﬁl-?% FOAD T 2 H M. -

Hemostatic Efficacy for UVB/nboflavm
(erasol) Treated Platelets

Control platelets

MIRASOL 'study * Pathogen
- - reduced
. platelets.
% of patients with 15 30 NS

Grade 2-4
bleeding
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Adverse Events Reported in the
'SPRINT Study

» 898 adverse event types were reported by blinded
observers -

* 11 adverse event types were drfferent with statrstlcal
significance....all went against the treatment arm

* 4 of the 11 were clmlcally S|gn|frcant Grade 3 and 4‘
events:

~ Hypocalcemia, Syncope, Pneumonrtrs Acute
Respiratory Distress Syndrome (ARDS)

.-Snyder E et al. Transfusion. 2005 Dec;45(12):1864-75

BAIZDE, FOAD TRFEH,

ARDS Rates in the Treatment vs. Control
Arms of the SPRINT Study

Snyder E et al. Transfusion. 2005 Dec; 45(12) 1864-75

' Prospectrv e and blinded evaluations durmg the clmlcal trial

Intersol (PR) | Control platelets P value
BTN platelets ,
- | Patients (N) ks 318 . o327 . -
|ARDS 5 : 0 003
‘ Retrosgectlv e review of medlcal charts. byablmded expert panel
Intersol (PR) Control = |- p value
, platelets Platelets-
. | Patients (N) ' 78 70
~ | Total Acute Lung Injury 19(6.0%) |.-16(4.9%) 0.60
(ALl) - » | -
.~ ARDS 12(3.8%) | . 5(1.5%) 0.09
ALl non-ARDS |7 (22%) 11 (3.4%) . 0.48

aam-as FkoTsﬁ*b

Can adverse event S|gnals captured in a
prospective, randomized, controlled and
bIlnded study be evaluated through a -

passwe adverse reportlng study’?

. FranCe and Belglum have been usrng pathogen reduced
‘platelets for several years

+ Adverse events on transfused patients are reported
through a passive hemovigilance reporting system

» Frequency of reporting of adverse events is much lower
than what was reported in SPRINT trial

* There'is no active control group to identify events
-specifically related to PR platelets

107

T BHISOE FOAD TREH,

, Co_mparison of Adverse Event Reporting in the
. SPRINT Trial vs. European Hemovigilance Studies

.| SPRINT Phase 3US | Osselaretal. -~ . |Osselaretal. Vox
o study Transfusion'2008 | = Sang 2008
’ Cerus plts 2005- | Cerus plts 2003--
2007 ' ’ 2005 :

"| Hemovigilance Hemovigilance

" %of pltwi
serious’”
reat:ti




mcreased ‘adverse. events seen wnth Pathogen Reducedi S
platelets L
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Table 1. .
Estimated Residual Risk of Viral and Bacterial Coptamination of Biood
Componenls ona Fer Donauon Basus n Japan

R|sk Per Donahon

" 172.668.696 1112]
1/51.988 (1.12]

Pa!hog

.. Human lmmunodehaency virus
Hepatitis 8 virus
Hepatitis C virus /348,091 {1.12)
Bacteria 1/50,000-500, 000 (17225, 000)7 [13)

*After the m!rodumon of nucleic acid testing.

tMidpoint of range estimate for fatality due to bacterial sepsis '

based on data from Wagner [13}.

safety and may ultimately allow a paradigm shift. from
testing to proactively preventing transfusion-transmitted
disease [11].

Clinical benefits as well as potential blood banking eco-’

nomics must be evaluated in an overall and comprehensive
manner in which al}.costs and benefits of this technology
are considered before conclusions about broader economic
impact can be drawn. To address these considerations. we ana-
lyzed from-both a cost-consequence and a cost-vifectiveness
point of view the economics of pathogen inactivation with
the [BS for platelets in Japan. The objectives of this study
were aimed at providing information o the net cost and
cost-eltectiveness of the introduction of the 1BS in Japan and
thereby facilitating the decision-making process for |mp(u-
menting a novel blood safety technology.

2. Materials and Methods

A comprehensive literature analysis scarch of Medline
and PubMed was conducted to retricve information on cur-
rent data about viral transmission due to blood transfusion as
well as the associated costs of the clinical consequunces. In
addition, a questionnaire was designed 1o capture the current
Japan Red Cross blood banking procedures and their associ-
ated unit costs to evaluate the impact of 1BS platelets on the
blood banking: “value chain™ to calculate. the cost conse-
queénces (et cost) and cost-effectiveness of the IBS.

Table 2.

Staginmes and Corash 7 Internationgl Journal of Hemawlogy 80 (2004} 317-324

2.1. Estimation of Current Residual Risks for Viral
and Bacierial Contamination of Blood Components in
Iupun

In Japan blood is gunemll\ safe. Residual viral contami-
nation rates for HIV. HBV. and HCV are of the same order
of magnitude as in European countries and the United States
(Table 1) 11.12]. No data on bacterial contamination of
platelel components and associated mortality from. platelet
transfusion were found in the literature, Therefore for the
purpose of this analysis we used available data from interna-
_tionaland US studies [13). ;

2.2. Pogential Costs and Efficiencies of Blood Banking

- Operations with the I1BS

The Japan Red Cross collects all platelet components in

Japan. the great majarity being prepared as single-donor,

apheresis platetets (AP) [14]. Introduction of pathogen inac-
tivation with the - IBS off the -opportunity lor various
blooad banking process efficiencies based on experience in
Europe [15]. )

The cost-of the 1BS for a therapeutic plateler dose in
Japan was assumed 10 be approximately ¥9495. This esti
mate ineluded the cost of the system (hardware and dis-
posibles) as well as the costs for material and personnel to
perfarn the procedure. Experience had shown that use of
the 1BS may result in a small loss of platelets during the
process. so additional platelets may have 1o be collected o
compensate for this loss. This rate was conservatively esti-
mated at 10% [16]. However, recent experience in Euro-
pean blood centers with the commercial system demon-
strated minimal impact oo platelet doses prepared with the
1BS. and additional platelets have not heen reguired:[13].
Use of the TRS olffers several potential cost efficiéndics.
including replacement of donor plasma with platelet addi-

" tive solution. replacement of gamma- irradiation for pre.

vention of transfusion-associated graft-versus-host disease,
replacement of bacterial detection assays, and replacenent
of future screening tests (Table 2). Estimates for these

Potential Blood Banking Efﬁclencnes with Adoptlon of the Intercept Blood System (IBS) in Japan

Reasonmg and Assumption

Test or Procedure

Gamma irradiation Almost al

platel ets are treated with gamma irradiation for the prevenhon of 900

graft-veisus-host [18]. The IBS is as effective as gammavnradlahon for
inactivation of T-cells (39). implementation of the |1BS would replace gamma

irradiation.
Use of platelet additive solution

Platelets treated with the IBS would be coflected and stored in additive solution

11,014t

that would allow saving up to 200 mL of plasma per plalele( dose. The saved
plasing can be processed as fresh frozen plasma.

Bacterial testing
) testing would not be required.
Future screening tests

The IBS effectively inactivates bacteria in platelet concentrates {40-42) BAc!enal 33633 .

The 185 has been shown to inactivate a broad spectrum of emerging viruses, such 1631

- as West Nile. For example, the 1BS could replace introduction of a test for West

Nile vuus

*M. Satake, MD, written personal cornmumcahon )u|y 2004
tBased on the price of 160 mL of fresh frozen plasma.
tEstimate based on European data.

Potential Cost Savings, ¥

Economics of Pathogen Inactivation i L

Table 3,
Cost Consequences and Estimation of the Net Cost for the Intercept
Blood. System (18S) inJapan

Cost Parameter Cost, ¥

Potential savings
Avoidance of gamma irradiation (300}

Plasma savings due to use of additive solution (11,014)

Avoidance of bacterial testing (3363)

Avoidance of future screening tests (1631) -
Additional cost

Pathogen inactivation costs (18S unit pnce) - 9495

Potential addlhonal platelet collections (10%)* 11,31
Subtotal (16,908) .20.805
Net-cost when treating apheresis platetets with 1BS 3898

*Ten percent as additional cost of the base price of ¥1‘1 3,190 per
3 x 10" platelets

costs were obtained fromt information. supplied by the

Japan Red Cross,

2.3. Coxt- Cnanlwnce‘uml Net-Cost Analysis
Mz'l/mr/r

The economic impm.l of introducing u new technotogy
can be expressed in 4 so-called cost-consequence analysis.
This analysis-includes the initial cost of Implul’ﬂcnllnL the
lechnology as well as potential downstream savings associ-
ated with use if adopted. By presenting the relevan! parame:
ters and thiir cost, decision makers and payers cun cstimate
the net impagt of an intervention, thereby facilitating assess-

ment of a health technology. inlervention without necessarily |

combining all cost and oulcome categories into d'single ratio
of cost-eltectiveness, such as cost per life-year (LY) gained or
cost per quality-adjusted life-year (QALY) gained as.used in

araditional cost-effectivencss analysis. In a cost-consequence

5. the relevant paramelers must be identificd and cost
gned. The cost.consequences of implementing the
tematic fashion in Japan were estimated on the

analy:
value:
IBS in a

‘basis of available information. from published und personal

cnmmunicmiun sources (Tahle 3.

-2 4. Cost- effunvuuu Antalvsis Methods

Health-éare product.- ewnomlc vilue is important and of
increasing concern as health care sysiems struggle to deliver
the highest quality health care within increasing budget con-
straints, To understand the economic value of new products,
governmental authorities and private decision-making com-
miittees for new interventions. such as improvements in trans-
fusion safety. frequently require formal. cost-effectivencss
analyses. This relationship of cast to henefit is typically meas-
ured with a cost-effectiveness ratio. such as QALY saved per
cast. incurred. The lower the cost-effectiveness ratio (eg, the
tower the cost per unit of health grined), the better is the
value of the infervention, Cost-effectivencss analysis is used
to allow comprehensive comparisons between alternative
medical technologies (eg. NAT versus pathogen’ inactiva-
tion). combining clinical effectiveness and cost, and will

‘therefore add additional information that cannot be cap-

tured in cost-consequence analysis,

_receiving AP+IBS versus conventional AP The
" model included the current risks of infection with HIV.HCV,

" ence morbidity and mortality due to several caus
ase. transfusion-related complications, or gen-
eral moriality for populations of the same age and sex), Clin- vt
ical outcomes as a result of the underlying disease.and trans-

2.4.1. Model Qverview

A literature-based decision-analylic mode! was developed
to assess the economic costs and clinical outcomes associated
with the use of single-donor AP treated with the IBS lor
platelets {AP+IBS). The analysis wiis based on the decision-
analytic model.developed by Bell et al [17] in which the incre-
mental cost (dollars/QALY) associated with the use of AP
was evaluated. Similarly. this study simulated the possible
transfusion-related events and outcomes in the patient popu-
lations that- account for most platelet use in Japan {18).
Patients undergoing hematopoietic progenitor cell transplan:
tation (HPCT) for acute lymphocytic feukemia (ALL) and
non-Hodgkin's lymphoma (NHL), patients undergoing coro:

“nary artery bypass grafting (CABG). and patients undergoing

hip archroplasty were chosen to be répresentative of patients
who commonly receive platelet transfusions. Correspond-
ingly. 4 reference paticnts were selected to represent (e pop-
ulations of all patients undergoing cach procedure: (11 a4 10-
vear-old boy undergoing HPCT for ALL. (2) a 50-year-old
woman undgrunlna HPCT for NHL: (3) 4 60-year-old man
undergoing CABG: and (45 1 70- yeir-old woman undcrgmm.
hip arthroplasty..

A decision tree (Figure 1) was constructed for patients
baseling -

HBV, and an emerging virus as well.as bacterial agents for
cach platelet donor exposure. The model simulated the sub-
sequent transfusion-reinted events and outcomes. as well as
events that would oceur. naturally (e, patients may experi-
, such as

underlying dis

fusion-retated complications were assigned a treatment cost
and utility. Lile expectancy estimates were caleulated ageord-
ing to the declining exponential approximation of life
expectancy method with consideration of competing mortal-
ity from disease-specific and naturally oceurring causes {17,
‘e direct medical costs attributable tothe use o AP+[BS
and the present value of future costs attributable (o (reating
transfusion-related complications were incorporated in the
baseline madel. No indirect costs such as work productivity
losses were considered. Economic costs and health benefits
incurred in future years-were discounted at 3% per annum.
consistent with current practice.

The model was used 10 estimate. the incremental cost and
health benefit (QALY) of using AP+IBS as. opposed to -
untréated AP The incremental cost-effectiveness ratio was then
calculated as {cost™™ S - costAPY(QALY A8 - QALY*N),
represenling, in this case, the incremental cost: per QALY
gained by using AP+1BS as opp()scd to untreated AP,

2.4.2. Data Sl)llf‘(_(’\

Costs related o platelet transfusions and treatment costs
were obtained from official sources (fapan Red Cross) and
publishéd literature, The net costs associated with the'IBS
for platelets were obtained from the preceding cost-
consequence analysis, Japanese lifé tables from official pop-
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ARC/AIDS. comaay

Chronic hepatis_____.CosU@ALY

Cimosis GosvaaLY

HCY or HBY. e . CorvaaLy

Patient receives
platwiot iranshysian

N\ Fulmingnt hepatits -CosuQaLY

CosvQALY

CosvQALY

Flgure 1. Decision-analytic madel. AP indicates apheresis platelets: HIV. human immunodeticiency virus: ARC/AIDS, I\IDS u_l.m.d complex/
acquired immunodeficiency syndmmc QALY. quatity-adjusted lite-year: HCV, hepatitis C virus: HBV, hepatitis B virus: HCC, hepatoctllular garci-
noma: TRS, transfusion-related sepsis: {+]. repetition of subtree as shown for AP.

ulation statistics were applied to calculate [ife-years gained
{19}. Data-on mortality due 1o underlying disease as well as
excess mortality caused by viral or bacterial infection and
number of platelet uhits transfused were derived from the
previously d«.scnhgd US model [17], Because blood trvnsfu-
sion safety practices are commonly shared among devel-
oped countries, only small differences in these data can
he expected between countries, and therefore we applied

these data to this model analysis. Furthermore. the general
outcomes of the model are not overly sensitive to small
variations in these parameters. Data on risk of transfusion-
transmitted discase were derived from Japanese medical fit-

" grature sources and international studies (Table 1). Cost

data for treatment of viral disease were mainly derived from
the Japanese literature and augmented with US data when
no Japan-spcuhc data could be obtained. The cost of platelet

" concentrates was obtained from the Jupan Red Cross. Cost

input data were aumman/t.d on the basis of previous
sources (Table 4).

2.4.3. Sensitivity Analysis

* Sensitivity analysis was used to determine the robustness
of the: cost:effectiveness analysis by testing plausible ranges
of estimates for 'key independent variables (eg. costs, oul-
comes. probabilities of events) to determine whether such

variations would make meaninglul changes in the results of
the analysis. As reported in our US publication about the
model [17], the cost-cflectiveness of use of the IBS was
expected to be most sensitive Lo the rate of bacterial con-

tamination and to the risk-of emerging pathogens. To explore

the effect of these variables on the results, we analyzed the
effect of such variables in various scenarios.

2.5. Emerging Virus
It must be kept in'mind that current safety measures have

an-impact on safety only with regard 1o the blood-borne
pathogens for which tests arc'in use. They do not protect the

Table-4.
Cost-Data for the Cost-effectiveness Model with Intercept Blood System (i8S !mplementatlon in Japan*
‘Parameter : Cost, ¥ ' Reference
Apheresis platelet cost T o 113,119 M. Satake, MD, personal written commumcanon July 2004
Net cost of IBS . - 3898 Net-cost calculation from Table 3
ARC/AIDS care costs per case © .. 2,200,000 143)
HCV or HBV care costs per case
" Chronu infection 2,228,000 [44]
Cirrhosis 267,000 (44}
HCC 1,326,000 {44}
Fulminant infection 1,557,000 (44}
TRS B
Hospitalization . . 700,000 (17)

*ARC/AIDS indicates AlDS-related complex/acqwed lmmunodehoency syndrome; HCV, hepatitis C virus; HBV, hepatitis B virus: e, hepato
cellular carcinoma; TRS, transfusion- related sepsis..

transfusion recipient against untesied or unknown infectious
agents. Therefore the blood supply remains vulnerable to
newly identified or emierging infectious. agents. A primary
example is the West Nile virus epidemic in the United States
from 1999 to 2002{20]. Although 2 numiber of recently exam-
ined now agents (hepatitis G and TT viruses) with a potential
impact on blood safety appear to be nonpathogenic, or not {o

. be transmitted through transfusion (human herpes virus type

8).every discovery of an agent necessitates investigation for
the potential of transfusion-associated transmission [21.22].
Transfusion-related pathogenicity requires an asymptomatic
viremic phase during which the infecied donor con donate

undetected by current screening methods, and that the virus

can survive in blood components. during preparation and
storage |
Historic l as well as contemporary data confirm that this
risk of emerging infection is not hypothetical. With the
madel, we examined the health cconomic consequences of
implementation of the 1BS for different potential situations
with regard to the transfusion-related infection risk of a new
emerging virus. The risk was programmed at different levels,
which were based on historical HCV infection rates {24]. The
following transfusion-associated residual risk - levels” were
evaluated: 1 per 100,000 and 1 per 10,000 donations,

2.6. Bacterial Contaminution
Bacterial contumination is currently the most prevalent
residual risk associated with platelet lransfunon [13]. Sev

eral surveillance systems exist (United Kingdom Seriouy.
_Hazards of Transfusion report. US Food and Drug Admin-

istration) in various countries;however. inherent with all of
the systems is a certain:degree of underreporting [25]. Sev-
eral-recent European reports of data on systematic bacter-
ial cullures at time of prépamlion for more than 130,000
platelet components indicated the contamination rates is
approximately 0.7% (7 cases per 1000 componcnts) {2623,

To-analyze the effects of bacterial contamination, we used
sensitivity analyses 10 explore mortality-data from the liter-
ature applicable to bacterial contamination, Of note, this
analysis dealt only -with mortality and not with less severe
infections that arise owing to transfusion of contaminated .
platelet components wuh attendant health- and care-related

- consequences [28].

3, Resuits
3.1 Net-Cost Impact of 1BS Adoption

The IBS, us most innovative technologies, will require a
net cost to the Japanese health care system. At the same
time, potential savings in current tests and procedures will
offset this investment 0 that the additional net cost for
the 1BS amounts to. oply ¥3898 per platelet thcrdpeum
dose. This calculation iricludes an assumed cost that 10%
more platelet doses have to be collected to compensate for
processing losses. This imputed added cost-due to collec-
tion of additional platelets is a conservative assumption
based on recent data [rom a clinical trial and postmarkel-

_Economics of Pathogen Inactivation
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ing experience in Europe that indicated the IBS may not
require collection and transfusion of additional platelet
doses [29.30].

With approxmnuclv 700.000 platelet umls lran\tusud »
annually in Japan, use of the IBS at a net cost of Y3898 per
platelet transfusion would result in an increase-of only 0.02%
(¥2.7 billion) of the toal hospital budget (¥ll 342 ‘hillion)
[31} and only an additional 0.89% increasc.in the cost for
labile blood compunents in Japan. Moréover, this conserva-
tive calculation  does not include potential benetit from
extension of platelet storage from 3 to § days. henelit from
avoidance of disease due 1o platelet transfusion and the long-
term consequences associated with adverse events, benelits
from avoidance of legal claims (in Japan ¥36.100,000 was
awarded per hemophitiae patient with HIV infection due to
exposure to contaminated clotting factors) [32] and associ-
ated judicial costs, and bénefit from avoidance of indirect:
costs due to work foss and premature death. Furthermore,in -
phiase 3'clinical trials. transfusion of IBS platelews resulted in
a significantly reduced raté of acute transfusion reactions
[33]. thus the costs of care associated with transfusion reac-
tions may be reduced. Similarly, suspension of the 1BS in o
reduced concentration of allogeneic plasma may reduce the
incidence of transfusion-associaled acute lung injury with

- additional savings in transtusion-related care costs [34].

2.2 Cost-cffeetiveness Analysis for IBS Adoption:
Analysis Using Baseline Assumptions.

When analyzing our previously developed cost-ellectiveness
model with Japanese risk (actors and cost data, adding the net

cost of the 1BS to the current AP price, we found the cost- 1

clfectiveness of the IBS ranged from ¥99,000.000 for the pedi-
atric ALL patient to ¥1.076.000,000 for the hip surgery patient
{Table 5). The wide range of cost-cffectiveness ratios can be
explained. by the better survival prognosis for pediatric and
heart. surgery patients and their age. The beuler prognosis °
allows more life-years gained by prevention of transfusion-

" tronsmitted disease compared with the situation for patients.

with end-stage cancer and relatively older ur\hoped\x surgery
pdllcms

3. Sensitivity Analysis

Increasing the numbier of deaths due to bacterial contam-
ination of platetet components from 1-in 225000 to 1 in
112,500 improved the range of cost-effectiveness hy 30% to
40%. The same held true for the impact of emerging viruses.
Cost-cffectiveness improved markedly with increasing risk
uf viral transmission (Table 5). Given that we mimicked an
HCV-like emerging virus scenario, the impact was greatestin
pediatric patients receiving platelet transfusion owing to the
natural history of posttransfusion hepatitis, Most cases of
hepatitis C (70%-80%) are asymptomatic and do not lead to
significant medical problems. In contrast, prevention of .
transfusion-transmission. of an HIV or West Nile virus type
of emerging pathogen would vield great benelits in terms of
life-years gained and associated cost avoided and would lead

. to a highly favorable cost-gffectiveness ratio,
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Tuble §.
Cost eHecnveness of Intercept Blood System in Japan Cost in Yen per Ouahty Adjusted Lite-Year Gained*
ALL, NHL, N CABG, Hip Arthroplasty.

Analysif“_ e 10-Year-Olc Boy 50-Year-Qld Woman 60-Year-Old Man 70-Year-Old-Womman
Baseline 99,000 433,000 263.000 ° 1076000
Baseline plus higher risk of bactenal fatality 69.000 267,000 163,000 605.000

rate: 1/112.500 .
Baseline plus emerging vicus scenario™ 1/100,000 84,000 238,000 237.000 . 1,022,000
Baseline plus emergmg virus scenario: 1/10,000 35,000 127,000, 127.000 - 702 000

“In thousands of yen, rounded. ALL indicates acﬁt{lymphocyhé .eukem|a NHL “non. Hodgkms lymphoma CABG ccronary artery bypass

grafting.

3.4, Interpretation of Cost-effectiveness Ratios

Cost-etlecliveness ratios can be interpreted in 2 ways,
First, if national health policy makers have established a cer-
tain-threshold of cost-effectiveness, new teehnologics could

* be evaluated against that cutolf point. Several countries

have determined ofticial eriteria for cost-effectiveness. For
example, in the United States interventions that vield
u ‘costelectiveness ratio of more than US$L00.000 per
QALY gained are considered unfavorable and shoutd ide-
ally not he implemented. The United Kingdom National
Institute of Clinical Excellence uses a similar “threshold ™ of
approximately £30.000 per QALY gained. According to
these “decision rules.” none of the recently used blood safety
measures should have been implemented because their cost-

- effectiveness ratios are much higher than the designated

thresholds 35,36]. Cost-effectiveness is a relative concept
and should be applied to in-group comparisons. In other
words, new blood safety technologies should be evaluated
against technologies in the same area {cg. NAT screening.
plasma piathogen inactivation treatment). Translusion medi-

cine s in a situation in which additional bencfits gained for
protection against selected pathogens are marginal and
come at a cost.leading to higher cost-cflectiveness ratios
ranging from $300000 (solvent-detergent plasma) to
$85.000.000 per QALY (HCV NAT in France) {37.38]. How-

_ever,society has decided to pay forthese intérventions given

the paramount interest in-hood safety, especially. in Japan.
where patients expect [00% safety [N} Comparing the cost-
effectiveness of the (BS ta current safety- measures in Japan

and elsewhere, we found the 1BS is an équal and even .

mord cost-elfective intervontion in prcvuning transfusion-
transmitted disease and injury (rlLUI‘L 2).

4. Discussion

In our analysis we examined the ¢conomic impact of use
of the 1BS in Japan. We examined both the net cost' 1o a
blood. center for use of the technology and the broader
health-care implications of use of the [BS by use of cost-
effectiveness analysis. The net-cost analysis provided valu-
able information about 1he ultimate potential of the 1BS {or

Safety measury 10.000 100.000 -

1.000,000 10.000.000  190.080.000

Y ALYILY
n per G savag, oooooooo |3ooooooo

Oox coniol counter Measures (Japan)

Ocon iayer orotectan, Tolyc tJapany,

Marcury contol m 8o OMduction tJasan

Trathe safety for patestnans {Japan)

PU ALL 10 yeurs (Basetnel

PI, NHL 50 years BL)

P CABG 80 vears (Baseimn)

1, HipS 71 yaars (Banefing]
P ALL 10 vears {BL okis emerging virus hgn} [
PLNHL 50 yawrs (BL pius ameeging viris nah) |3
P CABG 60 years 1Bl lus amerging virs mgn) (73
#1, %08 70 yaars (BL pus amerging virus Riah

HIY Scraeming of Boad domors ¢ Janan

HCVMIV NAT (USA)

HBYIMIVIKCY mdvdual donor MAT (USAI

Figire 2.

Cost-eflectiveness of the Intercept Rloud System (1BS) compared with other blond. environmenial, and transporr safety measures. QALY

indicutes yuality-adiusted life-year: P1. pathogen inactivation: ALL. ucutc‘lymp!mcyn: leukemia; NHL. non-Hodgkin's lymphoma: CABG. coronary
artery bypass grafting: HipS, hip arthroplasty: BL. baseline: HIV. human immunndeticiency virus: HOV hepatitis C virus: NAT nucleic acid tesi: HBV.

hepatitis B virus. -

reducing the cost of pluleln,l transtusion for the bloud center
by replacing several current practices (Table 3). Morcover. if
additional platelets were not required tor use of the 1BS. con-
sistent with the European experience to date, then introduc-
tion of the IBS could actually reduce the cost of platelet
{ransfusion by Y7413 per thef apeutic dose (Table 3), In addi-
tion, other suvmg.s. not factured into this analysis. are possi-
ble through avoidance of additional tests such as cvlomeya-
lovirus (CMV) serologic tests und tests for ()thr emerging
pathogens. such as dengue virus.

Cost-effectiveness analysis provides another perspective
from which to examine the ‘economic impact of use of the
IBS. Whereas the risk_of transfusion-transmitted infections
has been preatly reduced by existing safety measures. Zero

-risk has nat vet been attained. New safety interventions that

can reduce bucterinl and’ viral transfusion risks still are

needed 10 improve blood safety. As evidenced by the cost

effectivencess ratios of reviewed studies |38}, society places a
high value on reducing the number of unintentional deaths
and injuries. New (ransfusion safety measures should be eval
vated by .use of higher cost-cffectivenuess thresholds that

accurately reflect the value 1o society of reducing uninten-

tional deaths and-injuries from.a therapeutic modality pre-
sumed to be {ree from infectious agents. as are other pars
enteral medications,

In addition, we.must bear in. mind that cost-cflectiveness

that improved blood safety has to offer. Results of cost
effectiveness analysis m,luallv may be¢ misteading. underesti-
mating the true co: -effccuvem.ss of an intervention. Many
cost-effectivene:
econumic benetit of eliminating putentially redundant blood
safely measures (eg, gamma radiation. CMV testing. p24 test.
ing, HTLV testing. or testing for hacterial contamination),
Furthermore. new saféty measures may olfer other henefits,
such as increased shelll life ol bluod. avoidance of having to
compensate infected paticnts, and lost pmduuuvnv due to

premature death following infection with lethal viruses (such *

as HIV), These aspects. and the peace of mind that increased
safety offers w all transfusion recipients. should not be over-
louked in evaluation of new blond safety interventions.
Implementation of the IBS in Japan came at-a net cost 1o
society. According to our analysis. however, realizing the full
potential of the fechnology has reduced the additional cost to
a relatively small cost considering the wide drray of benefits
that allow cost offsets elsewhere in the blood banking oper.

_ ating scheme. If the initial European expericnce that use of

the 1BS did nut necessitate collection of more platelet doses
is confirmed with broader experience. then the net cost of the
IBS is very reasonable, Use of the IBS may initiate o para-
digm shift from testing te- prevention, thereby harnessing

. additional long-term cost savings far heyond the immediate

benelits of disease prevention. Use of the system may avoid
implementation of multiple new screening tests. extend the
shelf life of platelet components. and broaden the donor base
by avoiding travel-related -donor exclusions. The greatest
benelit of the 1BS. however, is the potential to protect against
emerging and migrating pathogens, The system’ therefore
should he a valuable tectinology for unlmncma blood safety
in Japan.

is limited in its ability to capture all the benefits

analysis models do not account for the -
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_sumMmaRY. The objective of this study is to estimate

cost-effectiveness.of pathogen inactivation for plate-
let transfusions in the Netherlands. We-used decision
tree analysis to evaluate the cost-effectiveness of the
addition of pathogen inactivafion of pooled platelets
to standard procedutes for platelet transfusion safety
(such as, donor recruitment and screening), Data on
transfusions were derived from the University

Medical ‘Céntre - Groningen (the Netherlands) for

1997, Characteristics of platelet recipients (patient
group, age, gender and survival) and data/assump-
tions on viral and bacterial risks were linked to direct

-and indirect costs/benefits of pathogen inactivation.

Post-transfusion ‘survival was simulated with a
Markov model. Standard methods for cost-effective-
ness were used, Cost-effectiveness was expressed in
net costs per life-year gained (L'YG) and estimated in
baseline- and sensitivity analysis. Sensitivity was ana-
lysed with respect to various assumptions including
sepsis risk; reduction of the discard rate and dis-
counting. Stochastic analysis to derive 90% simula-
tion intervals (SIs) was performed on sepsis risk. Net

costs per LYG for pathogen inactivation were esti-
mated- €554 000 in- the baseline-weighted average
over the three patient groups (90% SI: €354 000—
1092 500). Sensitivity analysis revealed that cost-
effectiveness was insensitive to viral risks and indirect
costing, but highly sensitive to the assumed excess
transfusions. required and discounting of LYG.

Given relatively high net costs per LYG ‘that are.
internationally. accepted for blood transfusion safety.
interventions, our estimated cost-effectivéness figures
for pathogen inactivation may reflect acceptable cost-
effectiveness in this specific area. Two main assump-
tions of our mode! were that the pathogen inactivation
was 100% effective in preventing transmission of the
pathogens considered and ‘was not- associated with
major and/for costly adverse reactions. Validation

of several crucial parameters is required, in particular

- the Dutch risk for.acquiring and dylng of transfusion-

related .sepsis.

Key words: cost—effectweness pathogen mactwatmn,
pharmacoeconomics, platelets..

In the Netherlands, safety of transfusion bf blood and

. blood products is largely detérmined by supply of
available technology, The major goal of public heaith -

authorities inthis field has been to achieve maximum
transfusion safety, For example, newer and better tests
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for blood-borne infectious diseases are- rapidly intro-
duced in screening procedures for blood donors, such
as nucleic acid amplification testing (NAT) for the*
human immunodeficiency virus (HIV). Next to the

“maximum-safety’ criterion, . cost-effectiveness is

becoming an important issue in judging new technol-
ogies, also in blood transfusion, Relatively high cost-
effectiveness ratios are seemingly accepted in the blood
transfusion area-(Van Hulst e al,, 2002; Yeh et al.,
2002). For example, at estimated current Dutch levels
of risk for HIV transmission thmugh transfusion, HIV
NAT costs several millions per life-year gamed (LYG)
(Postma ez al., 2001).- This finding is in line with .
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estimates  of NAT for HIV and hepatitis C- virus
(HCV) in other countries (Pereira & Sanz, 2000;
Loubiére et al., 2001; AuBuchon ez al,, 2002).

Despite high levels of safety achieved in Dutch
blood transfusion, risks still remain. ‘Relatively
small residual risks have been estimated for HIV,
HCV and hepatitis ' B . virus (HBV) (Miiller-
-Breitkreutz, 2000). Particularly, for platelets relevant
risks- of ‘bacterial infection and subsequent sepsis are
estimated, with significant mortality rates being
reported (Sazama, 1994; Ness et al., 2001). Estimated
sepsis risk after transfusion is highest for pooled
platelets, with risks being suggested up to one per
2000 units transfused (Sazama, 1994; Lopez-Plaza
et al, 1999). In the Netherlands, pooled platelets
reflect almost all utilization of platelet transfusions
(Sanquin, 2000). ”

A new. pathogen inactivation. technology-the
INTERCEPT® Platelet Systems-achieves reductions
in pathogen loads in platelets below detection limits
for all relevant enveloped viruses — such as HIV-1,
HIV-2, HBV and HCV - and many bacteria — such
as Staphylococci and Escherichia coli (Corash, 2000).
The INTERCEPT® Platelet Systems (further: patho-
gen inactivation) is based on psoralen treatment.
Application of pathogen inactivation for platelets
may achieve benefits accruing at various levels:

¢ Elimination of risk for parasites and viral infec-
tions, such as HIV, HCV and HBV.
- ® Elimination of risk for sepsis due to bacterial
infection. :
® Blood bank processing benefits, such as improved
discard rate of platelets due to prolonged shelf-life
and potential elimination of gamma irradiation.
¢ Elimination of risks for yet unknown emerging
pathogens.
- @ Potential reductions in judicial claims following
fatal transfusion-transmitted infections.

~In the present study, we assess the cost-effective-
ness of pathogen inactivation in plateléts. The scope
" of this article is limited to elimination of risks for
known bacterial and viral infections and improve-
ments in blood bank processing with regard to.elim-
ination of gamma irradiation, Benefits with respect to
reduced discard rates may have already' been
achieved in the Netherlands with the implementation
of bacterial screening in 2002. Benefits of averted

spread of yet unknown emerging viruses in platelets

and inclusion of judicial claims are left for discussion
and further work. Future applications of the
INTERCEPT® Systems, comprising the whole spec-
tra of pathogens (including nonenveloped viruses)
and products (including red cells and plasma),

enhance formal considération of such further bene-
fits, inclusive ‘of potential omission of any of the
usyal tests on donor blood for viruses and bacteria
on the long-term. '

MATERIALS AND METHODS
General design )

We developed a pharmacoeconomic model that links
chatacteristics of the population of platelet recipients
(age, gender and outcome in terms of survival) with
economic aspects of pathogen inactivation, The phar-
macoeconomic model estimates cost-effectiveness in
terms of net costs per discounted LYG, with inclu-

sion of direct and indirect costs and benefits. Direct.

medical costs relate to the costs of pathogen inactiva-
tion. Direct benefits are related to costs of treatment
and care for transfusion-related viral and bacterial
infections and elimination of gamma irradiation.
Indirect benefits are related to averted production
losses related to averted deaths due to infections,

Patient population

" The pharmacoeconomic model was developed for
three separate typical patient groups, as cost-
effectiveness for blood transfusion safety interven-
tions may strongly vary between such groups (Van
Hulst et al.; 2002). For example, application of viral
inactivated plasma was estimated to cost US$59 000
per quality-adjusted LYG in trauma patients and
US$122 000 in cardiac surgery patients (AuBuchon
& Birkmeyer, 1994). Application of single-donor
platelets instead of pooled platelets was estimated to
cost -US$200 000 per quality-adjusted LYG in car-
diac’ surgery and US$470 000 in haematology
(Lopez-Plaza et al., 1999), In this study, we elaborate
cost-effectiveness for three patient groups giving rise

to the major share of platelet transfusions.in the

Netherlands: cardiology, haematology and paediatric
oncology.

Transfusion data of patients were gathered in the

University Medical Centre Groningen (UMCG, the
Netherlands) in. 1997. Figure | shows the distri-
butions in terms - of patients (Fig. 1a) and" trans-
fusions (Fig. 1b). As shown, cardiac surgery
patients — primarily undergoing coronary artery
bypass grafting — represented almost 41% of the
patient population receiving platelets, whereas in

terms of platelet transfusions their proportion is

lower (23%). In terms of the number of transfusions,
haematology accounts for the major ‘share. Table 1
lists the distributions of platelet transfusions over age

© 2005 Blackwell Publishing Ltd, Transfusion Medicine, 1, 379-387
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Cardiology
41%
Paediatric
oncology Hasmatolo:
4% ’ 17% &
B
Cardiology’
Other 25
30%
Paediatric
oncology
4%

Haematology
43%

Fig. 1. Distribution of patients (upper) and transfusions

"(lower) over patient groups-in the University Medical

Centre Groningen (data for 1997).

groups and gender. This distribution is the basis for

our pharmacoeconomic, model below.

Risks of pathogen transmission

Given the existence of thorough donor selection and
routine donation screening for HIV, HCV-and HBV,
virally infected donations are very rare in the
Netherlands. European estimates for the risk of win-
dow period donations in 1997 were one in 2:3 million
for HIV, one in 620 000 for HCV and one in 400 000

for HBV (Miiller-Breitkreutz, 2000). In the model, we -
-applied recent estimates that aré considered specific

to the Dutch situation at.one per 200 000 for HBV
and ‘one per million for HIV and HCV (Health
Council, 2003). ‘

Transfusion-related- sepsis is most often related to
platelet transfusions, Approximately 80% of cases in
the UK were estimated to be related to platelets
(Serious Hazards of Transfusion (SHOT), 2001), An
internationally published (Yomtovian et al, 1993;
Ness et af., 2001) risk of 0-04% per platelet transfu-
sion was deployed in the model as upper bound and
investigated in sensitivity analysis (see below).
Corresponding case fatality for sepsis was assumed

at 13% (Ness et al., 2001). For the lower bound (also’
investigated . in - sensitivity  analysis), 0:025% 'was

taken for platelet transfusion-related sepsis with a
related case fatality of 17% (M‘orrow et ’al., 1991,

Sazama, 1994). For the baseline, the intermediate’

risk at 0:0325% and intermediate case fatality at
16% were assumed: On top of these estimates, we
assumed that the recently implemented bacterial
screening only slightly reduces the sepsis risk by
approximately 5% (almost 40% of positive units are

Table 1. Percentage distribution of platelet transfus.ions for three patient groups in the University Medical centré Groningen
in 1997 by age and gender (n = 603 for cardiology, n = 120 for haematology and » == 30 for paediatric oncology)

Cardiology Haematology Paediatric oncology
Age group (years) Male (%) Female (%) Maleé (%) Female (%) - Male (%) Female (%)
<10 . ; .25 13 .00 00 ’ 46-7 1233
10-20 00 Q-5 1.7 00 - 20-0 10-0
20-30 - .05 08 | 58 33 - -
30-40 . 12 05 08 9:2 - -
40-50 T © 96 02 133 7-5 - -
50-60 138 13 15-8 183 - -~
60-70 194 96 100 75 - -
70-80 232 12:3 ' 17 42 = -~
>80 10 23 0-0 0-8 B -
Total + T3l 289 . 49:2 50-8 66-7 333

© 2005 Blackwell Publishing Ltd, Transfusion Medicine, 15, 379387
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not recalled, and over 90% of recalled platelet units
are already transfused) (Beckers ef al., 2005).

Excess mortalities for HIV and HCV were set at 6
and 1% per annum, respectively (Loubiére er al,
2001; Posttha, Wiessing et al., 2001). Mortality due
to HBV infection was neglected.

-Costing aspects

All costs in our analysis were estimated at price levels
of 2003. If required, annual deflators of 1-8% for
direct and 2% for indirect costs were used
(Oostenbrink ez al., 2000), According to the Dutch
guidelines for pharmacoeconomic research, future
costs (and LYG) were discounted at 4% per annum
(Riteco et al., 1999).

Lifetime, discounted - direct costs for transfusion-
related viral infections were available from the pub-
lished literature (Struijs e-al., 2000; Postma, Wiessing
et al., 2001; Postma er al.,, 2005). Direct costs for

- transfusion-related sepsis were based on a recent
Dutch study (Van Gestel et al,, 2002). Table 2 lists
the cost estimates as used in the model,

To enable estimation of cost-effectiveness from the
societal perspective, indirect costs were included for
death due to any transfusion-related infection, i.e.
HIV death, HCV death and sepsis death. The societal
perspective is preferred in many international guide-
lines for pharmaco¢conomic research, including the
Dutch ones (Riteco er al., 1999; H)elmgren et al,
2001). Tridirect costs were esumated using the friction
costing approach, as requested by the Dutch guide-
lines for pharmacoeconomic research (Riteco et al.,
1999; Qostenbrink et al,,-2000).. As opposed to the
human  capital approach, the friction costing
approach only counts indirect costs of production

- losses during a period of a limited number of months
required to fill in the vacancy. The human capital
" approach calculates . production losses during all
future life-years that are lost due to premature death.

Table 2.- Direct costs for viral infections and bacterial
sepsis in € (price level 2003) used in the model (costs for-
human’ immunodeficiency virus (HIV), hepatitis C virus
(HCV) and hepatitis B virus (HBV) are lifetime discounted

« costs) (Struijs e al., 2000; Postma, Wiessing et al., 2001,
Van Gestel et al., 2002; Postma et al., 2005) .

HIV 83 200
HCV 19500 °
HBY 1100

Sepsis 20 600

The costs for pathogen inactivation were assumed
at €116, the currently envisaged price for hospitals

(including margins for required production process -

changes in the blood banks; personal communication
with the manufacturer). Additional costs are posed
by pathogen inactivation that may potentially involve
yield losses. We-assumed 2 10% increase in the costs
per platelet transfusion unit to account for this factor
(McCullough et al., 2001; Van Rhenen et al., 2003).
Additionally, in the . trials performed for

INTERCEPT®, excess transfusions were required 1o

achieve adequate count increments. In the US
SPRINT trial, -such excess -transfusions were more
than 30%; in the European euroSPRITE trial, no
significant difference was found (McCullough et al.,

-2001; Van Rhenen ef al., 2003), In our analysis, we
assumed 15% excess transfusrons with pathogen
inactivation (0 and 30% in sensitivity analysis).
Excess transfusions were monetarily valuated at the
estimated cost price per platelet. transfusion unit of
€458 for adult and €285 for paediatric application
(Sanquin Blood Supply: price list as of 1 March 2003)
plus €116 for bacterial inactivation.

Finally, benefits of elimination of gamma irradia-
tion were inserted in the model, assuming this elim-
ination in 10% of transfusions in haematology and
paediatric oncology at €30 per irradiation.

Pharmacoeconomic model

The distribution of platelet transfusions in the UMCG
was the basis for our pharmacoeconomic model. This
distribution was conceived to reflect the probabilities

that an individual unit is transfused to a patient of

specific gender, age and patient group. For éach patient
group, an age- and gender-specific Markov model was
developed for post-transfusion survival. Survival
results from death risks due to viral/bacterial infection
through transfusion, post-cardiac surgery death risks
and those due to other causes (natural mortality),
Details on transfusion-related infections are listed
below; mortality for cardiac surgery, haematology
and paediatric oncology patients was estimated at 17,
38 and 37%, respectively, in the first year (data-from
the UMCG for 1997) and 1, 5-and 0-5%, respectively,
in subsequent years (The Bypass Angioplasty
Revascularization Investigation (BARI) Investigators,
1996; Lopez-Plaza et al., 1999; Coebergh et al., 2001).
Natural mortality was taken from the national statis-
tics (source: Dutch Central Bureau of Stausucs,
Voorburg, the Netherlands).

For the three patient groups consrdered a

weighted average for cost-effectiveness was also cal- )

culated (proportmns of - transfusions ‘as * weights;

© 2005 Blackwell Publishing Ltd, Transfusion Medicine, 15, 379-387
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Fig. 1). As shown in Fig. 1, the patient groups in our
model are estimated to.consume 70% of Dutch plate-
let transfusions.

Figure 2 shows above in the concept of a decision
tree.

Cost-effectlveness was expresséd in net costs per LYG.
Net costs reflect the costs of pathogen inactivation minus

- its monetary benefits. Monetary benefits were related to

either the elimination of risks for viral and bacterial
infection or gamma irradiation. Monetary benefits and
LYG were estimated by comparing two options in the
model. Ina first step, the financial costs and life-years lost
were estimated in the absence of pathogen inactivation
with risks fortransfusion-related viral and bacterial
infections as specified above. In the next step, pathogen
inactivation was simulated, corresponding with zero
risks for infections of pathogens considered in this ana-
lysis. In addition, elimination of gamma irradiation was
assumed. Differences in costs and life-years in. both

" options were compared subsequently.

+ Cost-cffectiveness-was estimated in the baseline and
sensitivity analysis, Deterministic sensitivity analysis
was performed with respect to viral risks, bacterial
risk, reduction in discard rate and discounting of
LYG. For stochastic sensitivity analysis, Monte-Carlo
simulation was performed with respect to the annual
number of transfusion-related’ sepsis cases (Poisson
distribution) allowing calculation of 90% simulation
intervals (Sls) for. cost-effectiveness. Microsoft Excel
97, @RISK 3-5 for Excel (Palisade, London, UK)
and DATA 3-5 for Health Care (TrecAge Software,

~Williamstown, MA, USA) were used for computer

implementation and presentation.

- RESULTS

As an example, estimated’ annual monetary benefits -
of pathogen inactivation in the baseline accrued to -

Viral infection
' 0%
Inactivated Sepsis
0%
No infection -
100%
Viral infection

Platelet transfusionunit

€69 300 per 10 000. transfusions in cardiac surgery
(10 000 also approximately reflects the annual num-
ber of Dutch platelet transfusions in cardiac surgery).
Of these benefits, 96% referred to averted cases of
sepsis (also. for the other patient groups, sepsis
accounts for the major share of benefits; however,

“additional benefits come in for elimination of

gamma irradiation at approximately 30% of total
benefits). Furthermore, per 10 000 transfusions - in
cardiac surgery, approximately 4-4 discounted life-
years were gained and costs of €2169 200 were
made, rendering net costs-of €2099 900 and net
costs per LYG at €474 000 in the baseline (90% SI:
€302 500-€940°300). Baseline estimates for the other
patient groups — haematology and paediatric oncol-
ogy — were €678 600 (90% SI: €434 000-€1338 300)
and €260 700 (90% SI: €166 800-€511 200), respec-
tively. The weighted average over the three pauent
groups was . estimated at €554 000 - (90%-

€354 000~€1092 500) As mientioned, SIs forma.lly

represent potential annual fluctuations in cost-

effectiveness.

Sensitivity analysis revea]ed that our results are
insensitive to the exclusion of averted viral infections
and exact levels of assumed indirect. costs (not
shown). Model results were sensitive to sepsis risk
and related case fatality, the assumed excess trans-
fusions through inactivation and discounting -of
LYG (Table 3 lists results for weighted average
over patient groups). In percentage changes, results
were most semsitive to higher excess transfusions
assumed (+74% of baseline) and nondiscounting of
LYG ( —38% of baseline)..

DISCUSSION AND CONCLUSIONS

Cost-effectiveness of pathogen inactivation of plate-

let transfusions was estimated at €554 000 per LYG

in the baseline as an average over three major patient

Table 3. ‘Sensitivity analysis for the cost-cffectiveness ratio
in net costs per life-year gained (LYG) (in €; price level
2003) on sepsis risk (and related case fatality), excess trans-
fusions and discount rate for the weighted average over the
three patient groups considered (cardiology, haematology,
and paediatric oncology)

: ' 0.0007%
Non inactivated Sepsis

'0.0312%
No infection
0-9681%

Figr 2. Decision tree for the cost-cffectiveness analysis of
pathogen inactivation.

© 2008 Blackwe“ Publishing le,'Tmn.r[usion Medicine, 15, 379-387

Baseline (sepsis risk 0-0325%; case fatality 16%; 554 000
15% excess transfusions; discounting of LYG) :

Sepsis risk 0-04%; case fatality 15% 476 900
Sepsis risk 0-025%; case fatality 17% 682 700
No excess transfusions required 393500
Excess transfusions required at 30% 961 500
_ Nondiscounting of LYG 341 200
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groups, accounting for 70% of Dutch platelet trans-
fusions. Averted cases of sepsis were identified as
major drivers of benefits of pathogen inactivation.
In sensitivity analysis, a range around €554 000
from €341 200 to €961 500 was indicated, by assum-

ing nondiscounting LYG and 30% excess transfu-

" sions due to inactivation, respectively.
In the frameworks of statin treatment for high

cholesterol and several vaccination studies, a Dutch.

threshold for acceptable net costs per discounted
LYG of approximately €20 000 has been suggested

" (Postma, Heijnen ez al., 2001). Such thresholds differ
between societies and between interventions (Owens,
1998). For example, for transplantation services, rela-
tively high thresholds for cost-effectiveness are impli-
citly applied with transplantations of the liver and the
lung costing approximately €100 000 per discounted
LYG (Michel et al., 1994; Al er al., 1998). Also for
transfusion safety, relatively high net costs per dis-
counted LYG - up to one million €'s ~ seem to be
accepted in the Netherlands and other countrigs
(Postma, Staginnus er al., 2001; Van Hulst er al,
2002; Yeh er al., 2002). For example, we recently
‘estimated cost-effectiveness of NAT of Dutch donors
for HIV at €200 000 to over one million €’s (Postma
er al., 2002). From this perspective, our estimated
cost-effectiveness figures for pathogen inactivation
may reflect acceptable net costs per LYG.

Our. analysis primarily focused on results using
discounted life-years (gained). Nondiscounting of
LYG reduces net costs per LYG up to almost two-
thirds in our analysis. For preventive services such as
the one investigated here, discounting of LYG is
subject to debate among pharmacoeconomists (Gold

* et al., 1996), and one may argue to focus on net costs
per nondiscounted LYG for pathogen inactivation,
-i.e. €341 200 (Bos er al., 2002).

We analysed the risk for transfusion-related sepsis
over a plausible range from 0-025 to 0-04% .per
pooled platelet unit transfused, Lower. risks have
been reported, for example in the BACTHEM and
BaCon studies (Kuehnert ef al., 2001; Perez et al.,
2001). The authors of the former study commented
on their findings on incidence rates of life-threatening
bacterial contaminations that these probably are
underestimated due to underreporting and overesti-

mation of the. denominator in the calculus (issued

numbers instead of transfused units) (Perez et al.;
2001). The latter study has been argued to have iden-
tified merely the top of the iceberg (Yomtovian,
2002). Another study estimated approximately one
adverse reaction per 2000 platelet transfusions, higher
than our baseline assumption (Robillard & Karl
Itaj, 2001). Finally, we note that our assumptions on

risks for bacterial infections are in line with a con-
sensus of opinion that was expressed inan open letter
to the Blood Collection Community (Brecher et al.,
2002).

During the conduction of our research, bacterial test-
ing was implemented in the Netherlands and was used
in Dutch blood banks ‘during 2002 (BacTAlert®,
Oreganon Teknika BV, Boxtel, The Netherlands).
Bacterial testing has reduced the risk for {ransfusion-
related bacterial infection in the Netherlands, Recent
research, however, indicates that this reduction may be
only limited, as mentioned in the section-entitled
‘Materials and Methods’. Also, for serious infection
(ICD code 999-8: ‘septic shock due to transfusion or
transfusion reaction NOS"), no reduction in the annual
number of cases was, seen in the national hospital
registration data (Primant Utrecht). During 1998-
2001, approximately 20 cases were registered annually
(case fatality: 16%), whereas 2002 had 24 cases (case
fatality: 21%) (Primant Health Care, 2002)..We believe
that these data do currently not support the formal
inclusion of a more prominent risk reduction due to
bacterjal screening than the current 4% on our base-
line sepsis risk of 0-0325%. ,

Further benefits of pathogen inactivation may be

related to the occurrence of a new emerging virus of"

which the spread through platelet transfusion may be
averted. The historic example of transfusion-related
HIV in the Netherlands may serve as an illustration,
Primarily, during the first 5 years of the Dutch HIV
¢epidemic, approximately five HIV infections may
have been directly caused by platelet transfusions
annually (Op de Coul, 2001). Aversion of such an
epidemic” would. translate into direct benefits of
averted lifetime HIV treatments, indirect. benefits
and LYG for both index cases and spouses.

Our current analysis is limited to the Netherlands.
Differences in health care systems, treatment patterns
for viral and bacterial infections, cost prices and cost-
ing guidelines complicate country-to-country transi-

. tion of pharmacoeconomic models (Welte & Leidl,
1999; Schmid et al,, 2001). Also, national blood bank-
ing policies and -infection risks differ between
European Union (EU) countries. For-example, we
note that the transfusion-related HIV 'epidemic in the
Netherlands has been limited compared to that in
other EU countries (Postma, .1998) and the US. A
preliminary evaluation of the pathogen inactivation
process for the US indicates that inclusion into the
analysis of averting of an HIV-like emerging virus, to
be transmitted through platelet transfusion, may result
in overall life- and cost savings (Bell et al., 2002).

Obviously, we cannot test definitively the validity
of the assumption that spread through. platelet

© 2005 Blackwell Publishing Ltd, Transfusion Medicine, 18, 379-387
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transfusions of the next virus that comes along is
averted. Its plausibility is based on the observation

- that this pathogen inactivation technology has been

effective against all the enveloped viruses-tested (Lin
et al., 1997). Furthermore, we know from studies on
the HIV viruses using inhibition of molecular ampli-
fication that these viruses are highly modified after

psoralen treatment and that the titre of virus that can

be inactivated is far greater than the 6-log inhibition
of infectivity (Lin et al., 1992).

Two of the main assumptions of this cost-effective-
ness analysis were that the pathogen inactivation for
platelets was 100% effective in preventing transmission -
of the pathogens used in the model and was not asso-
ciated with any adverse reactions, We note that the
INTERCEPT® Blood System for platelets was not
effective although for nonenveloped viruses that are
not in our current analysis. Clinical studies conducted
in the US and Europe have evaluated the efficacy and
safety of the INTERCEPT® Blood System for plate-
lets, and no excess treatment-related adverse reactions
were detected in patients receiving platelet components
treated - with = pathogen - inactivation technology
(McCullough- et al,, 2001; Van Rhenen et al., 2003),
Also, we note that a carcinogenicity study using a
sensitive “and. validated heterozygous p53 ‘mouse
model has been completed, and treated platelets were
not carcinogenic at 1000-fold the clinical "exposure
(Ciaravino, 2001). This study was reviewed by federal
drug administration (FDA) and EU regulatory autho-

-rities who concurred with the observation of no carci-

nogenicity, However, inherent to the assumed benefit
of platelets treated with the pathogen inactivation pro-
cess'is a level of uncertainty, as with any new medical
intervention, and any benefit gained from the use of
pathogen-inactivated platelets may be offset by the
incidence of an unanticipated adverse reaction or any’
other treatment-related hazard. ’
- Finally, we note that our cost-effectiveness analysis
could be based on three patient groups only, leaving
30% of platelet transfusions uncovered by our model,
These transfusions may involve multitrauma with
poor short-term * prognosis; i.e. patient .groups
whose ‘inclusion in the model may worsen cost-
effectiveness. .
Cost-effectiveness - of pathogen ‘inactivation of
platelet transfusions was estimated at €554 000 per
LYG in a weighted average for three patient groups,
accounting. for 70% of Dutch platelet transfusions.
Given relatively high- net costs that are internation-
ally accepted for an LYG in blood transfusion safety
interveritions, our estimated cost-effectiveness figures
for pathogen inactivation may. reflect acceptable cost-
effectiveness in this specific area.

© 2005 Blackwell Publishing Ltd, Transfusion Medicine, 15, 379-387

Averted cases of sepsis were identified as the major
driver of health gains of pathogen inactivation,
Validation of several crucial parameters is required,
in particular the Dutch risk of acquiring transfusion-
related sepsis and subsequent case fatality. Further
work should extend the model to other countries as
well as including further potential benefits of patho-
gen inactivation. The relevance of this inclusion is
enhanced if pathogen inactivation is to cover the
whole spectra of pathogens and blood products,
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Brussels, and,

ics and Disease M

sumMARry. Emerging pathogens continue to threaten
" blood safety, requiring novel safety approaches.
INTERCEPT Blood 'S'yster_n for platelets (IBSP)
inactivates pathogens, aiming at eliminating the risk
of transmitting current and emerging pathogens. The
objective was to evaluate the incremental cost-effec-
tiveness ratio (ICER) for IBSP in Belgium..

A decision model comparing a ‘world with IBSP’ to
a ‘world without IBSP’ calculates lifetime costs and
‘quality adjusted life years’ (QALYs) following platelet
transfusion in different indications. Disease-specific life
expectancy and consequences of transfusion-transmitted
infections were obtained from literature, Transfusion
safety and costs were obtained from official sources.
Hepatitis C virus-like erherging pathogen was simulated.

A wide range of ICERs was observed, highly

_sensitive to the risk of emerging pathogen trans-

mission, underlying disease and age. In the most
conservative -approach, ICER
3,459,201€/QALY in absence of emerging pathogen
t0 195,364€/QALY. The mean threshold of emerging

infection risk for IBSP dominance (saving money and

producing health gains) ranged from 1/1,079 to
1/2,858 transfusions.

Considering the high va)ue authorities appear to
place on preventing accidental injury, and ICER of
recent implementations - in transfusion medicine
(NAT: up to €23 million per lifeyear), IBSP. can be
considered. cost-effective, taking into account the
potential risk of emerging pathogens,

Key words: emerging, INTERCEPT, pathogen inacti-
vation, platelets, s’afety, transfusion

Thie risk of transfusion-associated viral infections has
been. significantly reduced by the ' introduction” of
donor-screening and blood-screening tests in routine
practice, However, some residual risk of transfusion-
related infections remains. This is because of the win-
dow period between infection and positive test results
on the one hand and to some pathogens which could
potentially be transmitted via transfusion, but for
-which screening tests are not performed today on the
other hand (e.g. -Cytomegalovirus [CMV],- Human

T-lymphotropic virus [HTLV]...). In addition, ‘vital :

streening tests ‘may produce false-negative results
{(Laperche et al., 2003; Busch, 2003). Recently, safety

measures have been increased by including NAT tests .

for: hepatitis C virus (HCV) and HIV detection in
routine screening programs.. However, current safety
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initiatives consisting of serological or viral antigen
tests address only one or few selected pathogens at a

}tlme Any new pathogen requires new safety measures

in addition to the already established system.
Historical as well as contemporary data confirm

that the risk of newly emerging infections is.not hypo-

thetical (WHO; 1998 (www.who,int); Leiby, European
Parliament hearing June, 2003; Biggerstaff & Petersen,
2003). Depending on their clinical characteristics and
modes of transmission, these emerging infections may
present an enormous thréat to transfusion safety.
Scientific information is-often limited at the time of
emergence and the development of dlagnostlc screen-
ing tests takes time, Therefore, these emerging agents

require novel approaches to ‘prevent transmission

(Leiby, European Parliament hearing June, 2003).

As they are stored at room temperature, platelets
are particularly vulnerable for bacterial contamina-
tion. Therefore, bacterial screening is routinely per-
formed on platelet samples in Belgium; however, a
potential risk of false-negative results remains.

17
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© The INTERCEPT Blood System for platelets
(IBSP) is a new technology which inactivates differ-
‘ent types of pathogens through irreversible binding to
RNA/DNA in the blood (BioDrugs, 2003).

When new safety measures are introduced, there
is clearly a need to accurately define the value of
these new initiatives, and decisions regarding blood-
screening policies must be based on accurate
estimates of the incremental safety balanced against
cost and taking into account the potential loss of
donors {Busch et al,, 2003).

The objective of our study was to analyse - the
health and economic consequences of pathogen inac-
tivation using the IBSP in Belgium, taking a perspec-
tive directed to the future, including the risk of
emergence of a new transfusion transmittable virus.

SUBJECTS STUDIED .

The target population included patients with haema-
tological malignancies undergoing bone marrow or
peripheral stem cell transplantation [acute lymphoid
leukaemia (ALL), acute myeloid leukaemia (AML),
chronic myeloid leukaemia - (CML) and non-
Hodgkin’s lymphoma (NHL)), breast cancer patients
undergoing stem cell transplantation and patients

undergoing cardiac surgery, whereby coronary artery*

bypass graft (CABG) was selected as case. These
populations are considered to receive ‘most com-
monly platelet transfusions (Bell-ez al., 2003).

MATERIALS AND METHODS

We performed -a  cost-effectiveness - analysis in
Belgium from a societal perspective, including both
direct medical costs and productivity related costs
(expressed in euro), as well as legal and liability costs.
A decision analytical model was developed simu-
lating the clinical outcomes of patients requiring pla-
telet transfusion, in a world with and in a world
without.the INTERCEPT blood system.

Model

The model was developed using TREEAGE pATAT™
software. The model starts at the time of platelet
“transfusion and simulates the evolution of a cohort
of patients receiving transfusions of platelets inacti-
vated with the INTERCEPT blood system compared
with the same cohort receiving untreated platelets,

‘" taking into account the risk of bacterial infection,

HCV, hepatitis B virus (HBV) and HIV infection.
These infections are currently tested for in Belgium

and their residual transfusion-related infection risk
has been assessed. . i

In addition, the risk of a possible newly emerging
viral infection is included in the framework.

The overall risk of infection per patient is calcu-
lated in the model as the résidual risk per transfusion
multiplied with the average number of transfusions
per patiént.

If no transfusion-related infection occurs, the aver-
age life expectancy is the one of the underlying dis-
eases. If transfusion-related infection occurs, the life
expectancy is reduced because of the mortality asso-
ciated with the infection. The main decision analy-
tical model! structure is outlined in Fig. 1.

Life expectancy in.the absence of transfusion-related
infection

The average life expectancy associated with the con-
sidered underlying diseases was calculated based on

_ published mortality rates. By applying yearly mortal-

ity rates, average life expectancy can be calculated as
the surface below the survival curve. .
. For both ALL and AML, 1 year mortality was
44% (Dini et al, 2001). During subsequent -years,
the relative mortality rates as reported by Socié
et al. (1999) were applied.to age-matched general
mortality rates in Belgium (1997).

In patiénts with NHL undergoing early stem cell -
transplantation, a S-year overall survival rate of .

approximately 65% is reported (Dresse et al., 1999;
Martelli et al., 2003).. Patients surviving more than 5
years were assumed to have normal life expectancy.

In"CML patients, based on review of recent litera-
ture (Carreras et al, 2000; Davies er al, 2001;
Elmaagacli et al.,-2002; Gaziev et al., 2002; Pigneux
et al., 2002; Radich et al., 2003), an average cumula-
tive mortality rate of 50% by year five was estimated.
For the remainder 50%, long-term relative mortality
rates were applied to the age-matched general popu-
lation (Soci¢ et al., 1999)..

For CABG patients, a weighed average life expecta-
ncy was calculated from ‘data published by
Weintraub et al, (2003), including mortality rates up
to 20 years post-intervention. Although these patients
were opérated many years ago, the short-term mor-
tality was not higher than reported in more recent
studies (Calafiore et al., 2000; Taggart et al,, 2001).

For breast cancer patients undergoing Peripheral
Stem Cell Transplantation (PSCT), life expectancy
was estimated equal to the weighed (for study 'size)
average median survival reported in PSCT patients
(Farquhar et al., 2003). . . g
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Fig. 1. Basic structure of decision tree. QALY, quality adjusted life years.

Table 1| summarizes the obtained éverage life
expectancy per underlying disease.

Risk of known infections with untreated platelet
components : )

- Table 2 provides an overview of viral safety tests per-

formed on blood components in Belgium today, the
frequency of positive tests and thé respective residual
risks of viral transmission per transfusion (Belgian Red
Cross 2003, see Acknowledgements). As.they are stared
at room temperature, platelets are particularly vulner-
able for bacterial contamination. Therefore, in Belgium,
a sample of the platelet component is monitored for

© 2006 Blackwell Publishing Ltd, 77 ransfusion Medic.ine, 16, 17-30

bacterial contamination throughout storage time using
the ‘BactAlert system’, Because of the absence of man-
datory reporting of any transfusion-related events, there
is limited information on the actual risk of transfusion-
associated bacterial infections in. Belgium. For the
current analysis, Red Cross and clinical expert estimates
were collected. The most conservative estimate, reported
by the Red Cross, was a. rate of transfusion-associated

bacterial infections af one in 5000 transfusions.

Risk of emerging pathogens

To assess the potential health economic consequences

of the INTERCEPT blood system, the risk of future

HBV UD with HBV
~
. LY/QALY
f
priecton HCY . UDwithHCV
-~
: LY/QALY ,
HIV UD with HIV
-]
. LY/QALY:
Emerging UD with virus
- - <l
No infection LY/QALY UD 4
Fatal sepsis
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Table 1. Average life expectancy in the absence of trans-
fusion related infection

Average life

Type : _ expectancy (years)
AML adults 17
AML childhood 319
ALL adults 31
. ALL childhood -~ 15:6.
NHL adults . 59
NHL childhood 263
CML 96
CABG ; : 16-1
Breast cancer 27

ALL, acute lymphoid leukaemia; AML, acute myeloid leukaemia;
CABG, -coronary artery bypass graft; CML, chronic myeloid
leukaemia; NHL, non-Hodgkin’s lymphoma.

known or unknown emerging infections were taken
into account., Because the characteristics of a new
emerging virus are unknown, it was decided to simu-
late an economic, morbidity and mortality impact
comparable with HCV, The simulation of infection -
risk for this new emerging virus can be based on the
historical . evolution of HCV -virus transmission
through transfusion, although it could be argued
that, compared with the 1990s, a new virus today
would be identified sooner after its emergence
because of scientific progress, and hence, that trans-
mission rates will probably not reach the level
observed for HCV at the time. But, on the other
hand, a lot depends on the disease characteristics. A
. long asymptomatic period following initial infection
may significantly increase the time to identification
_ and the time to linking the infection with blood
- transfusion, The American Medical Association
. (2000, see Chamberland, 2002) described the histori-
" cal evolution of transfusion-related transmission of

Table 2. Viral _safcly.meaéures and residual risk of platelet trans

HCYV in the United States. In the 1970s, the risk of
HCV infection was very high (>1/100). The improve-
ments in donor screening and testing have combined
to result in substantial decreases in transfusion-trans-
mitted infections during the 1980s and 1990s. On the
other hand, other factors also contribute to the inci-
dence rates of transfusion-related infections that may
be reached such as the window period for the emer-
ging pathogen, its incidence and prevelance in the
donor population. .. (Chamberland, 2002). Our eco-
nomic evaluation was performed for different levels
of emerging viral infection risk between 1/100 and 1/
100,000 transfusions.

Efficacy and safety of IBSP

The following pathogens are inactivated by the sys-

tem- (approved indications). HIV I, HIV 2, HBV,
HCV, CMV, MCMYV and- aerobic bacteria.

The following inactivation claims have been recently
approved by the Irish Medicines board: HTLV 1,
HTLV 11, Treponema pallidum (Syphilis), -protozoa
(Trypanosoma cruzi, Chagas disease, Plasmodium falci-

. parum, malaria) and anaerobic bacteria.

Other inactivation studies on alternative pathogens
are ongoing (Leishmaniasis, Babesiosis, Candida albi-
cans, Borrelia bugdorferi, West Nile virus, Parvovirus
B19 — last update July 2004),

The results of an extensive series of in vitro and
in vivo studies have not demonstrated any toxicolo-
gically relevant effects on platelet concentrates
prepared by the INTERCEPT Blood System
(Ciaravino et.al., 2001),

In the model, the inactivation system is programmed
to-eliminate the risk of the considered known transfu-
sion transmittable infections as well as to eliminate
transmission of the simulated emerging virus. Two
main assumptions underlying thé model were that

fusions (Belgium)

Donations (Wallonia, 2002,
see Acknowledgements)

Donations (Flanders, 2000,
see. Acknowledgements)

Virus Screening test Tested + True + Tested + “True + Residual risk*
HBV HbsAg 54/100,000 17/100,000 121/100,000 10/100,000 «<1/200,000
HCV Anti-HCV 93/100,000 17/100,000 119/100,000 6/100,000 <1/200,000
NAT /703,571
HIV Anti-HIV] and 2 111/100,000 0/100,000 103/100,000 0-3/100,000 <1/2-3 mio
NAT HIV1 : ’ . <1/4-6 mio
HBV, hepatitis B virus; HCV, hepatitis C virus.
Source: Belgian Red Cross.
*Risk of tran'snllission per *transfusion’.
© 2006 Blackwe[l Publishi 16, 17-30
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-~ Fig. 2. Structure of subtree related to’

transfusion-transmitted infection with
hepatitis B or C. Under each branch, the
probability of transition from the left to
the right health state are shown. The
probabilities under the left hand side
branches represent possiblé pathways at

" model start, at the time of infection. At -

this time, patients can either have only
acute infection without becoming a car-
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UD

0-20
Asymptomatic carrier

4 Asymp ic carrier

Chronic hepatitis

. roho
Chronic hepatitis Cirrhosis

Chronic hepatitis

rier (20%) or become carrier (80%). o4 Cirrhosis
Subsequently, carriers may develop -

X R N Foo. . Cirrhosis '
chronic complications, possibly evolving o —<] Liver failure
over chronic hepatitis to cirrhosis, liver - - w®/ 0 0-04
failure or carcinoma. The probabilities ’ HOCA
shownunder the right hand side branches . 002
represent the likelihood of possible tran- E
sitions from one state-to another. The 002 HCCA
probabilities were obtained from pub- Liver faifure
lished literature (Pereira, 2000; Sevinir, 4 Death
2003; Gordon, 1998; Hu, 1999; Tong, 0 023
1995). Only the probability of developing - : . .
chronic hepatitis is different for HCV 075 Liver failure.
versus HBV: 0-212 (Sevinir, 2003;
Percira, 2000) and 0-224-(Sevinir, 2003, HCCA
Gordon, 1998) respectively. Other dis-
case progression rates were programmed Death

equally for HCV and HBV. HCCA
hepatocellular carcinoma.

pathogen inactivation is 100% effective and is not

. associated with major or costly adverse events.

Additional benefits of the IBSP

The INTERCEPT blood system - is anticipated to
have an additional number of future benefits,-sup-
ported by a recent international forum of experts
(Engelfriet et al,, 2003).

First, it is esumated that, in the future some of the
currently- applied screening tests, leading to platelet
waste, may “be - eliminated. These may = include
BactAlert testing, NAT testing (given the high burden
and low yield) and Alkaline Phosphatasis (ALT) test-
ing. Tt must be noted that, at present, the elimination
of NAT testing is only possible for single donor plate-
lets, because for random donor platelets, the tests are
needed to ensure safety of the obtained red cells and
plasma. However, pathogen inactivation for red cells
may become available in the future. Nevertheless,
given the uncertainty of its timing, in-a secondary
analysis (not in the basecase), we considered this
potential benefit only for Single Donor Platelets

© 2006 Blackwell Publishing Ltd, Transfusion Medicine, 16, 17-30

(SDP) platelets. Secondly, studies have demonstrated -

that the INTERCEPT blood system’ is at least as
effective as y-irradiation for the inactivation of T-
cells (Lin er al,, 1997; Grass et al.,, 1998). Hence, the
second potential benefit may be to make y-irradiation,
which is performed on the majority of platelet
components -in Belgium today, obsolete. The. third
benefit consists of a reduction- of platelet waste,
* Today, in Belgium, of the 45,808 platelet transfusion
bags donated annually, approximately 8% are wasted
because of storage time overdue and 1-9% because of
contamination or positive viral screening tests (Red
Cross Belgium). In the past, the platelet storage time
mltla.lly set'at 7 days was reduced to 5 days mainly for
increasing risk of bacterial contamination. With the
INTERCEPT blood system, the previously applied
limit of 7 days could. potentially be re-introduced. In
addition to the above-mentioned current potential
benefits, pathogen inactivation may avoid a proportion
of supplementary tests in the future for potential
emerging pathogens, ‘which will not be required for
_ SDP. Conservatively, the latter benefit is not consid-
ered in the economic evaluation. .
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Impact of transfusion-transmitted infections

The impact of transfusion-transmitted viral infections
was calculated by simulating the clinical progression
rates over different disease states (Figures 2 and 3)
obtained from literature and assigning costs (Table 4)
and utilities to each state, Utilities are values repre-
senting the quality of life in a certain health status.
Utility values can range between 0 and 1, with 0
representing death and 1 representing a state of perfect
health, The time spent in a certain health state is
multiplied by the corresponding utility. weight to
account for the quality of life in that particular state.
The utility values applied in the model were obtained
from previous published research (Table 3).
Regarding bacterial infections, 9-7% have been

. reported fatal and 26-5% life threatening (France,

Andreu et al., 2002). For the current analysis, non-
fatal infections were not attributéd any reduction in

" quality of life given their limited duration. Fatal or
* life-threatening bacterial infections were attributed a

management cost derived from previous research
related to severe sepsis, showing a total cost per sepsis
episode of €17,988 (SE = 1145) (Laterre er al., 2002).

transfusion-transmitted infection with

"HIV. Under eachi branch, the probabil-

ity of transition from the left to the right

health state is shown. The probabilities

Death were oblained from published literature,
(Min;:rs,_ 2001).

AIDS

Table 3. Utility weights applied for discase stages reléted
to viral infection

Utility (95% CI)

HIV .
Asymptomatic 094
(CD4 >500 celts mm™) (Tengs 02)
CD4 200-500 cells mm™> 0-82
CD4 <200 079
Aids X 077

Hepatitis
Viral negative |
Chronic Hepatitis 0-82 (0-6-0-9)
Compensated Cirrhosis 0:78 (0-5-0-9)
Decompensated Cirrhosis 0-65 (0-3-0-88)
Hepatocellular Carcinoma 0-25 (0-1-0-58) ~
Liver transplantation, Ist year 0-5 (0-11-0-7)
Liver transplantation, - 0-7 (0-24-0-87)

subsequent years

The same utility values were applied for bepatitis C virus as for
hepatitis B virus related health states (Dusheiko ef o/, 1995}

© 2006 Blackwell Publishing Ltd, Tr ion Medicine, 16, 17-30

"Table 4. Cost data for discase stages related to viral

infection
-Annual cost (€) (SD)
HIv+
Stage A: Asymptomatic © 2231 (1955)
Stage B: Symptomatic 7899 (7070}
Stage C: Aids 25,736 (20,766)
Hepatitis
Viral negative
. Acute hepatitis Ct ’ 2300
Chronic hepatitis 125
Compensated cirrhosis} 250
Decompensated cirthosis} - 8060
Hepatocellular carcinomaf 10,000
Liver transplantdtion, 1st year!. - 50,000
Liver transplantation, i 8700

subsequent years}

*Decock et al. (2001)7 )

tOccursing in  approximately 25% of HCV  transmissions
{Harbarth et /., 2000). -

{Wong & Nevens (2002).

Finally, the calculation of indirect costs incurred
from transfusion-associated infections is summarized
in Table §.

Cost data

The costs per transfusion of €371-84 for SDP and
€274 for average Random Donor Platelets' (RDF)
were obtained from official sources (RIZIV/INAMI

Table S, Methods for inditect cost calculatlons {adults)
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Red 'Cross Belgium). These costs include y-irradia-
tion and donor screening tests except NAT.
The cost of inactivation using the INTERCEPT

"blood system is estimated as €125 per inactivation

session, hence per platelet transfusion. This clst
includes the cost for the system itself (€ 90, includ-
ing VAT) as well as the costs for material and pér-

sonnel to perform the procedure (potential savings.

at the level of platelet processing. not taken into
account). In the model, the average transfusion
cost per patient is calculated considering the basic
transfusion cost, the cost of the INTERCEPT blood
system and the average number of transfusions per
patient.

With regard 10 legal costs, we assumed an average
cost of €100,000 per transfusion-associated infection
with HIV or with emerging virus, based on law suits

or governmental action reports from different coun- -

tries, including Belgium (Press conference Minister of

-Public Health Belgium, 19 September 2001, Hof van

beroep; Gent, 1° kamer, 24 April 1998). Although for
other infection types, there have been legal proce-
dures started in Belgium, Wwe- have not included
these costs in the model, because none of the law
suits have been finalized (some are ongoing for up
to 10 years)

Scenarios evaluated

In the basecase scenario, the implementation of the
INTERCEPT blood system is assumed to eliminate
the risk for HIV,; HCV, HBV and bacterial infection.

Breast cancer CABG

Productivity loss calculations Haematological cancer
Employed prior to underlying diagnosis* 48% : 39% . 25%

- Average n days per year active* E 218 167 218
Percent resume activity post treatmentt 67 67 100
Annual n days lost if infectedf . 70 44 55
Duration of productivity loss From month § From month 6 . 5 yearsq

: to end stage§ to end stage§
Unit costs
Unit cast per hour (€) ) 23>

CABG, coronary artery bypass graft.

*Age and sex matched national data {National Institute for Statistics, 2001, avaxlable at www. statbel.fgov. be).

{Bradley & Bednarek (2002).

{The annual number of days lost if infected ~ % active previously x n working days/year x % who wou)d resume activity despite underv

lying disease in the absence of infection (e.5. 48% x 218 x 67% = 70).

§Because the employment ate applied is based on calculations for the éntire aduit population up to all ages, the age at diagnosis does not need
10 be taken into account for programming duration of activity. Howeves, during lhe end stage of. the underlying disease, no productw\ty is
assumed in the absence of infection; hence, no productivity loss can be attributed.

470% of panems are under 60 years of age at the time of intervention. 25% of these are active for an esnmatcd further duration of § years.

- Beyond this duration, no productivity is assumed in the absence of infection; hence, no produictivity loss can be attributed.

**Includes direct wages + employers charges (National Institute for Statistics, 1996, available at-www.statbel.fgov,be)

© 2006 Biackwell- Publishing Ltd, Trangfusion Medicine, 16, 17-30
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Additional processing benefits (see further scenarios)
are not considered in this scenario. Given the evi-
dence, it is clear that a risk of emerging viruses in
the future is existent; however, the timing and level of
risk- is unknown. Therefore, the assumption . of
neither the presence of viral risk nor the absence of

. viral risk can be supported as a reflection of reality,

Therefore, it was decided to present the basecase
scenario as a double scenario, taking into account a
similar probability of absence and presence of an
emerging virus. To the emerging virus, different levels
of risk were attributed between 1 in 100,000 and 1 in
1000. The highest and jowest risks are shown in the.

" first scenario in Tables 1 and 2.

In the second and third scenarios, the implementa-
tion of the INTERCEPT blood system is assumed to
eliminate the risk for HIV, HCV, HBV, bacterial and

“emerging HCV like virus, and in addition, a set of

processing benefits are considered. In scenario 2, the
climination of BactAlert testing (corresponding cost
and platelet waste reduction), the storage time pro-
Jongation to 7 days, leading to 50% decrease in over-
due platelets waste, the elimination of SDP ALT
testing on SDP platelets and the elimination of y-
irradiation were assumed to be associated with the
INTERCEPT blood system. In a third scenario, the

-following benefits were assumed in addition to the

benefits in scenario 2: the elimination of NAT tests
and syphilis tests (VDRL) on SDP units-leading to
reduced costs (NAT costs eliminated). Scenarios 2
and 3 imply a reduction in the cost for platelet pro-

cessing and testing.

RESULTS

The cost-effectiveness ratio is highly sensitive to the
risk of infection with the emerging pathogen.and to

the indication and age group considered,

Scenario 1: In the absence of emerging virus, the
cost-effectiveness ranges between 3,459,201€ per
quality adjusted life year (QALY) to 195,364€/
QALY. At the lowest simulated risk of the emerging
pathogen contamination (1/100,000), the cost-effec-
tiveness ratios range between 3,355,308€/QALY and
165,051 €/QALY, depending on the underlying dis-
ease (Table 6). With increasing risk of emerging

_pathogen transmission, the cost-gffectiveness ratios

steadily decrease (improve), with a maximum of
2,594,120€/QALY at 1/10,000 and of 223,255 at

_1/1000 (Table 7) and INTERCEPT being dominant

in the majority of cases, meaning cost saving and
producing extra QALYs. At 1/100, the INTERCEPT
blood system strategy becomes dominant in all cases.

Including processing benefits of INTERCEPT, -
resulting in a reduced cost for platelet processing
and testing, leads to lower cost-effectiveriess ratios
(Table 8) and dominance of INTERCEPT already
at an emerging infection risk of 1/1000.

The following thresholds of emerging infection risk
for the INTERCEPT system to become dominant in
all indications are observed. Dominance is present as
from an emerging risk of 1/1074 transfusions in sce-
nario 1, 1/1697 transfusions in scenario 2 and 1/1791
in scenario 3 (Table 9).

DISCUSSION -

The objective of this study was to assess the cost-
effectiveness of the INTERCEPT blood system. For
this purpose, a health economic model was devel-
oped, comparing the overall outcome in a world

with INTERCEPT, where infections because of .
blood transfusions are prevented, to a world without

INTERCEPT where infections may occur,

Three scenarios were developed including different
levels of INTERCEPT benefits from the prevention of
infections up to multiple processing benefits: redun-

dancy of bacterial testing, viral screening and y-irradi-

ation and reduction of platelet waste. Two main
assumptions underlying the model were that pathogen
inactivation is 100% effective and is not associated with

“major or costly adverse events. The INTERCEPT

blood system has not only been shown to effectively
inactivate current pathogens, but the main benefit of an
inactivation: system versus safety measures based on
screening for infections is that it prevents the transmis- -
sion of new pathogens before they have been identified.
In the absence of the INTERCEPT blood system, the
identification of the pathogen, the development and
implementation of ‘diagnostic screening tests would
take time, during which the pathogen can emerge and
might.cause numerous transmissions. R
Historical data on the rise of transfusion-asso-

ciated infections with HCV, HBV and HIV have
shown that the risk can reach very high levels before
screening measures have been developed for imple-
mentation in  donor-screening schedules.  Also
recently, there has been an epidemic of West Nile
virus in the United States, a virus which was shown
to be transmittable via blood transfusion. The risk of
transmission through transfusion at the epicentre .of
the epidemic (1999) has been estimated as high as one
in 3700 to one in $555 transfusions in high-risk areas
(Harrington. et "al., 2003). Estimated mean risks in

2002 ranged from one in 6667 to one in 811 dona- =

tions for several high incidence geographical areas
(Biggerstaff & Petersen 2003). This has lead to the

© 2006 Blackwell Publishing Ltd, Transfusion Medicine, 16, 17"-30
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_ Table 6. Cost effectiveness (cost/QALY) scenario 1 - no emerging virus or émerging virus 1/100,000 -

Emerging . . Marginal | . Marginal Incr C/E
Type = virus Strategy .- . Cost* cost* Efficacyt efficacyt- (ICER)}
- AML-A . Absént Without INTERCEPT 4279 ) 199953
With INTERCEPT 5915 1636 -2:00000 - 0-00047 3,459,201
Present . Without INTERCEPT = 4292 : 199952 -
Wit INTERCEPT 5915 1623 ©2:00000 0-00048 3,355,308
AML-C- " Absent Without INTERCEPT =~ 4277 31-99162 )
D With INTERCEPT 5915 1638 - 32:00000-  0-00838 195,364,
Present | Without INTERCEPT - 4295 " 31499019 C .
. , With INTERCEPT 5915 1620 - 3200006  0-00981 165,051
ALL-A ~ Absent Without INTERCEPT =~ 4290 299929 o E
: With INTERCEPT 5915 1625 300000 - 0-00071 2,280,181
Present Without INTERCEPT 4304 2:99927 | : .
. o With INTERCEPT $915. 1611 3:00000  0-00073 2,196,998
ALL-C Absent Without INTERCEPT 4275 15-99602 .
" With INTERCEPT 5915 1640 16:00000  0-00398 411,522
Present_ Without INTERCEPT - 4290 15-99562
**_ With INTERCEPT 5915 1624 1600000  0-00438 370,981
NHL-A Absént’ Without INTERCEPT 4502 _ 5:99850
i With INTERCEPT 6161 - 1659 6:00000  0-00150 1,105,343
Present. = Without INTERCEPT . 4522 5-99843
With INTERCEPT 6161 1639 6-00000  0-00157 1,045,085
NHL-C Absent Without INTERCEPT 4455 . 2599302 i
With INTERCEPT 6161 1706 :26:00000 " 0-00698 244,591
“Present . Without INTERCEPT = 4473 25:99200 :
" With INTERCEPT 6161 1688 2600000  0-00860 210,949
CML Absent - Without INTERCEPT ~ ~ 3638 : 999797 -
i : With INTERCEPT 4929 1291 10-00000 | 0-00203-° 636,067
Present |~ Without INTERCEPT 3659 . 999784
o With INTERCEPT 4929 1270° [10-00000 0-00216 586,459
CABG -Absent Without INTERCEPT 360 - 1599968 :
: " . With INTERCEPT . 493 133 16:00000  0:00032 422,784
Present .~ Without INTERCEPT 3613 15-99967. - - .
... With INTERCEPT 4929 132 . 16:00000  0-00033 395,535
BRCA .~ Absent  Without INTERCEPT 1000 ) 299984 o
: .| With INTERCEPT 1380 381 3-00000 . 0-00016 2,328,169
Present - ' Without INTERCEPT 1003 : 2:99983 .
With INTERCEPT 1380 377 3.00000 000017 2,285,263

A, aduits; ALL, acute l’yﬁxphoid feukaemia; AML, acute myeloid leukaemia; C, childhood; CABG, cotonary artery bypass graft; .CML,
chronic myeloid leukaemia; ICER, incremental cost-effectiveness ratio; NHL, non-Hodgkin's lymphoma; QALY, quality adjusted iife year.

*Cost and marginal cost in €.
tEfficacy and marginal efficacy in number of QALYs.
1Marginal cost-effectiveness in €/QALY gained.

- prompt introduction of _expehsive screening tests in

the US transfusion safety programme (NAT tests).
However, considering the time of first detection of
West Nile virus in the US (1999) and the time of
implementation. of NAT tests in routine blood

. screening (2002), the lag time between emergence

and blood safety measures was 3 years (Allain e/ of.,

© 2006 Blackwell Publishing' Ltd, Transfusion Medicine, 16, 17-30

2005). In our study, the rate of infection with an

emerging virus was set at different levels representing

different stages of emergence.
In the absence or at very low-risk levels of
emerging virus, of <1 in 100,000 transfusions, -the

cost-effectiveness ratios were high. in some popula-

tions, depending on the underlying disease and age
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- Table 7. Cost effectiveness (cost/QALY) scenario | — no emerging virus or emerging virus 1/1000

Marginal | Incr C/E

. Emerging Marginal
Type virus Strategy Cost* - cost* Efficacyt efficacyt’ (ICER}t
AML-A Absent Without INTERCEPT 4279 . 1-9995
. With INTERCEPT 5915 1636 2-0000 0-0005 . 3,459,201
Present Without INTERCEPT 5568 . 19985
With INTERCEPT © 5915 347 2-0000 0-0016 223,255
AML-C Absent Without INTERCEPT 4277 31-9916
With INTERCEPT 5915 1638 32-0000 0-0084 195,364
Present Without INTERCEPT 6079 31-8486
. With INTERCEPT 5915, —164 32:0000 - 0-1514 -1084
ALL-A Absent Without INTERCEPT 4290 . 2:9993 .
With INTERCEPT 5915 1625 3-0000 0-0007 2,280,181
Present Without INTERCEPT 5736 : 29973 ’
X With INTERCEPT 5915 179 - 3-0000 0-0028 - 64,960
ALL-C Absent Without INTERCEPT 4275 15-9960
. With INTERCEPT 5915 1640 . 16-0000 0-0040 411,522
Present Without INTERCEPT 5781 15-9565
- ‘With INTERCEPT 3915 134 16-:0000 0-0435 3086
NHL-A Absent Without INTERCEPT 4502 5:9985 ’ :
- With INTERCEPT 6]6;1 1659 6-0000 0-0015 1,105,343
Present Without INTERCEPT 6492 5-9918 .
: With INTERCEPT 6161 | ~331 | . 60000 ° 0-0083 ~40,109
NHL-C Absent Without INTERCEPT 4455 . 25-9930 o A
’ With INTERCEPT . 6161 1706 . 26-0000 0-0070 . 244,591
Present Without INTERCEPT 6251 25-8903 - ;
; ) - With INTERCEPT 6161 -90 - .26-0000 0-1097 ’ -817
_‘CML Absent Without INTERCEPT 3638 9-9980
: . With INTERCEPT 4929 1291 10-:0000 0-0020 636,067
Present Without INTERCEPT 5791 9.9845 L
: With INTERCEPT 4929 ~862 . 10-0000 0-0155 =55,479.
CABG Absent Without INTERCEPT © 360 15-9997 '
: . With INTERCEPT - 493 133 16-0000 0-6003 422,784
Present Without INTERCEPT 522 . 159979 ) . ’
With INTERCEPT 493 =29 16-0000 ' 0-0021 —-14,039
BRCA Absent - Without INTERCEPT 1000 2:9998 |
: With INTERCEPT 1380 381 3-0000 0-0002 2,328,169
Present Without INTERCEPT 1317 29997 :
With INTERCEPT _ 1380 .63 3-0000 0-0003 190,448

A, adults; ALL, acute lymphoid leukaemia; AML, acute myeloid leukaemia; C, childhood; CABG, coronary artery bypass grafi; ICER,
incremental cost-effectiveness ratio; NHL, non-Hodgkin's lymphoma; QALY, quality adjusted life year.

*Cost and marginal cost in €.

tEfficacy and marginal efficacy in number of QALYs.
tMarginal cost-effectivencss in €/QALY gained.

group. In children, the results were much more
favourable.

Considering the cost-effectiveness  of other,
recently established interventions in transfusion med-
icine, the INTERCEPT blood system compares well
with these, interventions; especially taken into
account that only the economic implications of

currently tested ) pathogens were included, whereas
currently not tested pathogens may also induce costs.
This result is confirmed. by the results of a previous
health economic evaluation of the INTERCEPT sys-
tem for platelets within the US health care system (Bell

et al., 2003), as well as in-a European setting (Postma®
et al, 2005). For example, NAT tests, recently '

© 2006 Blackwell Publishing Ltd, T ion Medicine, 16, 17-30
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Table 8. Cost effectiveness (cost/QALY) scenarios 2 and 3 - emerging virus 1/100,000

. ; Marginal Marginal Marginal C/E
Type Scenarie Strategy " Cost* cost* Efficacyt efficacyt . (JCER)}
AMLA . 2 Without INTERCEPT 4292 19995 . .

.. With INTERCEPT 5329 1037 £ 2:0000 . 0-0005 2,143,435
3 Without INTERCEPT 4292 1-9995 )
With INTERCEPT 5276 984 20000 0-0005 2,032,636
AMLC 2 Without INTERCEPT - 4295 * 319902
: ) With INTERCEPT 5329 1034 320000 0-0098 105,389
3 ' . Without INTERCEPT 4295 31-9902
" *. With INTERCEPT 5276 981 32:0000 0-0098 | 99,924
ALL A 2 . Without INTERCEPT 4304 2:9993 . :
With INTERCEPT 5329 1025 3-0000 0-0007 1,398,458
3. Without INTERCEPT - 4304 2-9993
) With INTERCEPT 5276 971 3-0000 0-0007 1,325,297
ALLC 2 Without INTERCEPT 4290 159956 -
With INTERCEPT 5320 1039 16:0000 - 0-0044 237,275
Without INTERCEPT 4290 : 159956 )
With INTERCEPT 5276 - 985 16-0000 0-0044 225,028
NHLA 2 Without INTERCEPT 4522 - 5-9984 . )
. .. With INTERCEPT~ 5552 1029 6-0000 0-0016 656,438
3. Without INTERCEPT  ~ 4522 ) .. 59984 C
With INTERCEPT 5496 973 . 60000° " 00016 . 620,812
“NHLC. 2 . Without INTERCEPT 4473 25:9920 L
With INTERCEPT | 5552 1079 260000 0-0080 . 134,763
3. . 7 Without INTERCEPT ~ 4473 T 259920 :
’ : .With INTERCEPT '5496 1023 26-0000 0-0080 - 127,783
CML 2 Without INTERCEPT 3659 " 9.9978 '
‘ : With INTERCEPT 4441 782 10-0000 0-6022 361,091
o3 Without INTERCEPT - 3659 . 99978
) - With INTERCEPT 4397 737 . 10-0000 0-0022 340,449
CABG 2 " Without INTERCEPT 361 . 15-9997
. 'With INTERCEPT 444 83 16:0000 " . 0-0003 248,647
3 " Without INTERCEPT 361 © 159997
. With INTERCEPT 440 78 16-0000 0-0003 235,227
BRCA 2 Without INTERCEPT" - 1003 2:9998 ‘
With INTERCEPT 1244 241 - 3.0000 0-0002 1,459,408
3 Without INTERCEPT 1003 2:9998 ) )
With INTERCEPT 1231 ¢ 228 30000 . 0-0002 1,383,572

A, adults; ALL, acute lymphoid leukaemia; AML, acute myeloid leukaemia; C, childhood; CABG, coronary ai'lery Eypass graft; CML,
chronic myeloid leukaemia; NHL, non-Hodgkin's lymphoma; QALY, quality adjusted life year.

*Cost and marginal cost in €. -
tEfficacy and marginal efficacy in number of QALYs.

IMarginal cost-effectiveness in €/QALY gained.

implemented in-routine donor-screening programmes
in many countries, including Belgium, showed cost-
effectiveness ratios ranging from €25,000 to €2-3 mil-
lion per life year gained (Yeh et al., 2002), NAT tests
for HIV ‘have consistently been associated with cost-
effectiveness ratios over €l million per QALY
(Jackson et al., 2003; Marshall et al., 2004).

© .2006 Blackwell Publisiu'ng_ Ltd, Transfusion Medicine, 16, 17-30 -

‘

Hence, these very high cost-effectiveness ratios
have not prevented these blood. safety measures to
be introduced in many countries. When considering
also the cost-effectiveness ratios for other interven-
tions to prevent accidental injuries or death such as
traffic safety measures, it seems that society or at
least authorities tend to place a very high value on.
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Table 9. Threshold values emerging virus risk for ]NTERCEPT dbminance

Threshold emerging infection risk

Type Scenario 1 Scenario 2 ] Scenario 3
AML A 1/789 1/1230 . /1297
AMLC - 171107 1/1722 1/1816
ALLA ) 1/895 1/1400 1/1476
ALLC’ ’ 1/925 1/1439 1/1510
NHL A 171205 1/1905 172004
NHLC : : 1/1057 1/1644 171738
CML 1/1675 1/2692 1/2858
CABG 1/1222 1/1932° 1/2037
BRCA o 1/838 1/1306 i 1/1380
Mean . 111079 1/1697 1791

A, adults; ALL, acute lymphoid lcukaemia; AML acute myeloid leukaemia; C, childhood; CABG, coronary artery bypass graf! CML,
c'hromc myeloid leukacmia; ICER, incremental cost-effectiveness ratio; NHL, non-Hodgkin's lymphoma.

measures to rediice unintentional deaths and injuries
" (Yeh et al.,, 2002). Therefore, it was suggested by Yeh
‘et al., (2002) that transfusion safety measures should
be evaluated using cost-effectiveness thresholds that
are higher than those typically used by healthcare
decision makers, reflecting. the higher value placed
on such types of interventions, where it is considered
‘unfair’ if patients have no access to the best possible
protection (Yeh et al., 2002).

Also the cost-effectiveness analyses should take
into. account all potential benefits of a new interven-
tion'such as processing benefits, indirect costs from
productivity loss (Yeh et al., 2002).

When a more pro-active viewpoint is taken, from a
public health perspective, the apparent, risk for emer-
ging viruses should be taken into account. At emer-
ging viral risks beyond 1/1000 to 1/2300 transfusions,

the INTERCEPT strategy becomes dominant, that is.

saving money and producing health gains.

In conclusion, considering the apparently applied
thresholds for cost-effectiveness in the field of blood
transfusions, the implementation of the INTERCEPT
blood system can be considered cost-effective and even
a dominant strategy taking into account the potential
risk of emergence of a new pathogen in the future.
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TRANSFUSION COMPLICATIONS

The cost-effectiveness of pathogen reduction technology as
assessed using a multiple risk reduction model

Brian Custer, Maria Agapova, and Rebecca Havlir Martinez

BACKGROUND: Pathogen reduction technology (PRT)
for labile blood components has the potential to reduce
the risk of many adverse events associated with trans-
fusion, Because of the potential broad-spectrum risk
reduction capability of PRT, the health economics of
PRT could be an important consideration in decision

" making for this technology.
STUDY DESIGN AND METHODS: Decision analytic
models comparing current blood satety screens and
interventions to riboflavin-based whole blood PRT (cur-
rently in development) and separately to platelets
(PLTs)-and-plasma PRT from the health care system

1 . perspective in Canada were used to assass the cost-
utility of PRT in reducing the tollowing adversé events:
human immunodeficiency virus, hepatitis B virus, hepa-
titis C virus, human T-lymphotropic virus, syphilis, West
Nile virus, bacteria; Chikungunya virus, cytomegalovi-
rus, Trypanosoma cruzi, graft-versus-host disease,
febrile: nonhemolytic transfusion reactions, and
transfusion-related immunomodulation. PRT was
modeled as an addition to rather than a replacement for
current interventions, The potential of PRT to reduce

. the risk of an unknown pathogen was not assessed,
RESULTS: Whole blood PRT was estimated to have a
cost-effectiveness of $1,276,000/quality-adjusted fife-
year (QALY; 95% confidence interval [Cl] approxima-
tion, 600,000-3;313,000) compared to current screéns
and interventions. PL’Ts-and-pIasma PRT was estimated
to have a cost-ffectiveness of $1,423,000/QALY (95%
Cl approximation, 834,000-2,818,000) on an all-© .
transfusions basis. )
CONCLUSIONS: Because of the ‘complexity of transfu-
slon risks and practices, the cost-effectiveness of whole
biood or PLTs-and-plasma PRT can be modeled pro-
vided that as;urhpthns and simplifications are made.
Uncertainty remains with- respect to the risk reduction
that can be achieved for some adverse events, Never-
theless, the results of this cost-effectiveness analysis
can be used to infarm policy decisions regarding PRT
technology in the.context of other initiatives de5|gned o
\mprove transfuslon safety.

wo methods for pathogen reduction technology
(PRT), also known as pathogen inactivation, use
a photoactive compound (riboflavin or amo-
tosalen) and ultraviolet {UV) light treatment to
prevent DNA or RNA replication, These methods are being
adopted for the treatment of platelets (PLTs) or plasma in
some, Europeari “countries. Consensus statements -from
the panel of the Canadian Consensus- Conference on _

"Pathogen Inactivation in 2007 and summary statements,

such as from one of the 2008 US Advisory Committee on’
Blood Safety and Avallability meetings, indicate that eco-
nemic evaluations of PRT should be conducted and
included as part of the information used for making
implementation decisions.? Previous economic analyses
of photoactive compound/UV light PRT focused on
human immunodeficiency virus (HIV), hepatitis B v1rus'-n

- (HBV), hepatitis C virus (HCV), human T-lymphotropic

virus (HTLV), and bacteria.*® These analyses assumed that
the treatment process is 100% effective (residual risk of
these pathogens is eliminated in PRT-treated PLTs) and
reported results for specific patient populations likely to ’
receive.such transfusions. The likelihood that these same
patients would receive untreated red blood ceils (RBCs)
and/or plasma transfusions was not addressed. Moreover,
while analyses restricted to specific patient populations

ABBREVIATIONS: FNHTR(s) = febrile nonhemolytic transfu-
sion reaction(s); PRT = pathogen Teduction technology;
QALY = quality-adjusted life-year; TRIM = tiansfusion-related
immunomodulation; WNV = West Nile virls.
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based on transfusion indication "are informative for
assessing who is most likely to benefit,” they do not help

blood safety decision makers faced with selecting inter- -

ventions to enhance the safety of components intended
for.all transfusion recipients.

We developed a new health economics model to
assess the cost-effectiveness of riboflavin-based PRT
(Mirasol PRT system, CaridianBCT, Lakewood, CO) in
mitigating the risk of transfusion-associated infectious
and some noninfectious threats, The first model examines
the cost-effectiveness of a technology in development,
whole blood PRT? To model the technology that is cur-
rently available in some settings, PLTs-and-plasma PRT,
we modified the whole biood PRT model, incorporating
data on PLT preparation procedures and transfused com-
‘ponents to adjust the risk reduction achieved.

MATERIALS AND METHODS

Overview
" The models simulate the costs and consequerices of the
following infectious and noninfectious adverse events:
HIV, HBV, HCV, HTLV, syphilis, West Nile virus (WNV), bac-
teria Chikungunya virus, cytomegalovirus (CMV), Trypa-
nosoma cruzi, graft-versus-host disease (GVHD), febrile
'nonhemolytic transfusion reactions {(FNHTR), and
transfusion-related immunomodulation (TRIM). Both the
set of and the prevalence of adverse events included in
each version of the model can be adjusted to reflect
. setting-specific epidemiology or disease. In this analysis
we nejther included an unknown, emerging pathogen nor
retrospectively included a scenario for HIV or HCV when
either virus had the highest prevalence in blood donors.
Our reason for not including these pathogens or scénarios
is that it is relatively easy to-construct a set of outcomes
" with a disease burden profile that is favorable to PRT.
However, such a scenario in the context of trying to
address or mitigate current risks could cloud the assess-
ment of the efficiency of PRT. '

We' analyzed the cost-utility of PRT for Canada.
Canada represents an appropriate country for such an
analysis because there are I) nationally representative
health care data, 2} active hemovigilance and transfusion
surveillance systems in some Provinces, and 3) interest in
implementation of PRT. Similar to other economic analy-
ses in blood safety, this analysis is from the health care
system perspective and costs are limited to the costs of the
safety interventions and the direct medical costs associ-
ated with infections or other adverse events.® The results

reported here do not include the cost of lost productivity .

" or related indirect costs incurred because of transfusion-

associated adverse events. We used 2007 as the analysis .

year, so all monetary values are adjusted to 2007 Canadian
dollars using the health and personal care component of

the Canada consumer price index.'® Data sources for
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disease occurrence, outcomes, and costs come from pub-
lished literature specific to Canada. When data were not
available for a specific disease or condition, we used data
from other countries with preference for US data when
available. In accord with the recommendations of the US
Panel on Cost-effectiveness in Health and Medicine,
future costs and effects are discounted at 3% per year'"'?
and were allowed to vary independently between 1 and 5%
in sensitivity analysis. We constructed the model and per-
formed analyses using computer software (TreeAge Pro
2009, TreeAge Software, Inc,, Williamstown, MA). Aspects
of the model not covered in detail under ‘Materials and
Methods, such as annual mortality probabilities and
disease-specific models and variable values, are provided
as an electronic Technical Appendix (available as support-

*ing information in the oriline version of this paper).

Structure of the model .

The model has a decision analytic format and is a cohott
simulation with separate disease-specific Markov sub-
models to track the progression of each adverse event.
Each version of the model consists of four sections. The
first section is a two-armed decision tree: current screens
and interventions compared with PRT added to current
screens. The second section is focused on two character-
istics of blood recipiénts that influence the likelihood of
survival: age at transfusion and immunocompetence. The
model can be run using survival data for three age groups:
1) an overall group that reflects the age distribution of the
entire transfused population, 2) persons 0 to 39.years of
age, and 3) persons 40 years or older. These categories
were defined based on available posttransfusion data that
indicate that the probability of survival is similar within
these latter two broad age categories.’'s The population
of blood recipients is also separated into those with and
without underlyirig. immunocompromise, because a
subset of the population requiring transfusion may be
immunocompromised due to a medical condition, such
as cancer, organ transplantation, or specific infections like
HIV. These patients may be at increased risk for more
severe adverse outcomes from transfusion.'s Estimates of
the size of the immunocompromised subpopulation are

_not available for Canada. Data from the National Blood

Service in the United Kingdom suggest that as many as
50% of blood recipients are immunocompromised to
some degree, with 25% having moderate or severe inmu-
nocompromise.’” We included immunocompromise. in
our analysis by assuming that 25% of the transfused popu-
lation has underlying imimunocompromise. In the madel

- this patient group is at increased risk of mortality and

faster disease progression, which we included:as 50%
increased postiransfusion mortality in the first year after
transfusion, and increased risk of morbidity from each
adverse event.

COST-EFFECTIVENESS OF PRT

plasma. Components are not assurned

TABLE 1, Percentage of patients recelélng tra;wfusk:rs by to come fromthe same blood donor and
component combination from Briﬂsh olumb & and ukon : .
transfusion reglstry data and d risk r hieved in the so carry the independent risk of each
PLTs-and-pl PRT model adverse event, but the adverse risks for
T d-dabile compi Cf g Iving Assumed PRT risk each component would be mitigated in
combinations. for 2007 each-type of reduction adjustment a single inactivation if whole blood PRT
g\B=c1 84,]842 components) a ::rr;ponan( Nfactor {PRT AF): becornes available. The number of
s only 3 one N s N .
Plasma-containing transfusions 9.9 Mixed transfusions received in an epxsodf! has
Plasma only 6.0 (61) " 100% of PRT AF not been modeled. Although the risk of
RBCs with plasma (no PLTs) 3.9 (39) 59% of PRT AF. specific infectious agents and of nonin-
PL;G—Z";:E,‘“Q (r\ans@smns ) 1;:; (57) ﬁ‘é’{,?,/f of PRT AF fectious hazards varies according to the
PLTs arid plasma (no RBCs) 0.6 (4) 100% of PRT AF type of blood component transfused,
HBg: with PL}'S and l:'as’“a L (éf) gg:/ﬁ 0: g:; :": component-specific residual risks are
RBCs with PLTS (no plasma) 3524 o0 mostly unreported and are not included
in the whole blood PRT analysis.
TABLE.‘2.' Blood safety interventions and d costs . -
SR Per - ' Rangefor ‘| Effectiveness of PRT
o donation sensitivity Curent blood safety interventions used
. Cost . Cost element cost anhalysis . A
Current scroens . FIV antioody in.Canada are listed (Table 2), In this .-
HIV NAT analysis, we ‘assumed that all of these
. o :gz ;'le?(’dy interventions would continue and that
WBV surface antigen » u'niversal leukorec?ucnon would: con-
HBV core antibody _tnue. The effectiveness of PRT ‘at
n"TNL‘\//(IN/I’I‘)T sod reducing the risk of each transfusion-
antibody . .
Seralagic test for Syphils assocxatfed adver§e event is de.per_ldent )
: . Total 44.00 '33,00-55.00 on the interventions already in place,\O .
Bacterial culture Bacterial culture® 25.00 18.75-31,26 the likelihood of adverse event occur- (N
. after diversion . d th th ifi —
CMV antibody 10.30 7.72-12.88 rence, an e pathogen-specific per-
Gamma irradiation. : : .00 3.75-6.25 formance -of riboflavin-based PRT:
PRT ) . 10000 75.00-125.00 | -Actual estimates of the effectiveness of
PRT under conditions of normal use will

The third section of the mbdel differentiates recipi- :

ents into three groups based on the type of blood compo-
nents received. Published data consistently show that

recipients of PLTs or plasma alone or in combination with

RBCs have reduced long-term survival compared to RBC-
only recipients.'® Data on the percentage of transfusion
episodes that include each blood component type were
provided by the British Columbia-Provincial Blood Coor-
‘dinating Office for the year 2007 (Table 1). We ‘assumed

" that the component combinations transfused in British

Columbia and Yukon are representative of those for the
entire couritry. We adjusted the mortality probabilities for
PLT recipients and separately for plasma recipients using
data published by Wallis and colleagues.'®

The fourth section of the model addresses transfusion
outcomes through detailed accounting of disease and
adverse event progression and costs. Details of how each
adverse event is modeled are provided in the Technical

Appendix.

only be available after sufficient post-
marketmg surveillance data have accumulated. To project
the effectiveness of PRT we assumed pathogen-specific .
risk reduction factors (Table 3). Risk-without PRT is based

" on the observed frequency of the event, the yield of

screening, or estimated residual. risk given current safety
measures, For example, the current estimated residual risk
of HBV infection is-1 per 153,000 transfusions.*’ Good
animal models to demonstrate a specific level of pathogen
inactivation for HBV are not .available, Studies .of
riboflavin-based PRT have-shown that it can successfully”
prevent polymerase chain reaction amplification of HBV
at concentrations up to 29,400 geq/mL.> We assumed that
the risk reduction achieved-by PRT would be 10-fold
greater than current testing (hepatitis B surface antigen
and anti-hepatitis B core antigen) giving an. estimated .

residual risk after use of PRT of 1 per 1,530,000.

Costs

In the model each transfusion recxpxent is assumedto. .

experience a single transfusion episode consisting of 1

-unit of whole blood or the equivalent as RBCs, PLTs, and

The cost of current screens and interventions applied to
every donation in total sum to $44.00 per donation
(Table 2). No serologic intervention for T, cruzi was usedin
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7

Canada in 2007, and so no screening costs are included for

2% N N this agent. CMV antibody arid gamma irradiation costs are TABLE 4. Costs and effects of current interventions, with PRT and Incremental cost-effectiveness of PRT b
, § - coreel % . . transfusion recipient age group. for whole blood PRT .
5§'§ g % %; k3 é 8 § £§3 § E§®SD -assumed to be incurred only for the units intended to be Conte and ofiects
2 ‘e aa®gesad : : PR " .,
AERlES § E EE2EEgER tr:«fnsfused to' patients with u.nder?ymg IMMunocompro- " Results category Overall (all ages) 0- to 39-year-old group 40 years or older group
13 E g g 2 ﬁ z g ﬁ' 3 § a ;_g mise. The estimated cost of PRT ($100 on a per donation or S T— T orommamerentons (SOAD) Py - e A e
< 4 < . : . otal costs for current screens/interventions . 8 .
component treated basis) covers the cost to implement Effects with current screens/interventions (QALY) 7.885246 19.550197 : 7.311080
« | : the strategy including labor and overhead. In the case of Total cost for PRT adaption ($CAD) . 158.30 158,31 158.30
B-leg8 g g8888g & bacterial culture, costs are not incurred for all compo- Ettect wih PRT scapion (0ALY) a8 1950463 L amer
X1 2 2R R a-E=] B . ncremental cost.of . X . X
% % 88 §§ 28 § g88e g %8_ nents as screening is conducted only on PLTs. PLTs com- Incremental effectiveness of PRT (QALY) 0.000089 0.000266 . 0.000081
£5|ave28y ~GRERF8S prise 10-15% of all components transfused in Canada. Incremental cost-effectivéness of PRT (SCAD/QALY) $1,276,000 . $426,000 $1,405,000
g |FreEeEs sesSSsse We used a currency converted, inflation-adjusted cost : (95% Ci approximation) (600,000-3,313,000) +(197,000-1,173,000) | (653,000-3,693,000)
estimate for bacterial culture from, the Netherlands® to ’ - -
37 determine a cost of $25 for bacterial culture per PLT . } ’ . '
. 'E g § 1 preparation. . 4 probability of bacterial contam.; 0,00003 to 0,00001
;j 89 FEEE g The potential risks of riboflavin-based PRT include ’ s o R R i — | (@ mortality probabllity in year of transfusion: 0.10 t6 0.30
1 g S§ g g8 coaNy cean § Ta cytotoxicity, genotoxicity, and reduced efficacy of compe- . : "I 8 cost of PRT per donation: 75 to 125 .
3 X oy DO G -~ : o . . . =S>>>§§>>>>ng
2El5458388 Rel22E57 nents. It is possible processing mistakes such as under- or - ) _ V) probability of is death, immt petent.: 0.5 t6 0.3
3 § g § Siccoo $vdddoosd ‘over-exposure to. UV light may lead to these conse- . IS/ 117/ s : 5P ity e e )
sl gIRB2VYY epeeseg2e quences, but available laboratory and animal model < - = discount rate for effects: 0.01 t0.0.05
§ E 33 L - v an . - M QoL weight in years following transfusion: 0.99 to 0.86
3| & g studies conducted to date have found only minimal evi .- & ht f . " . t0 0.7
B EE dence of these adverse events.® It is expected that RBC KX 9 & Qol. weight for consequenc:st: s:p sLs';g.iSOT 0; :0
- : and PLT efficacy could be reduced by the treatment e L ponent use adjustment factor for PRT: 1.0 to 1.20.
E 2 s process, but the one available clinical study of PLTs treated ’ : Y annual mortality after transfusion: - to +25%
] 5 - g with riboflavin-based PRT did not demonstrate increased - - B component speciﬁc mortality sensitivity analysis: 0 to 1.5
z % T 2 '§ transfusion in the PRT treated compared to untreated D:D] [ui] probability of T cruzi: 0.0000075 to 0.6000025
g g Y g ETEN arms of the trial.*? Nonetheless, we included a compo- PRT adjustment factor for FNHTR: 2.99 to 1.01 :
g35 § nent use cost factor in the model to account fof potential | ¥ probabllity of death in acute T, cruz! state: 0.03 to 0.001 Lo
g s Els. T g g ¢ additional transfusion of components due to the PRT ’ . S N
g i £E%3 s " reatment process. We reflected inereased component use . B < L3 disutility wolght for FNHTR: 0.02 to 0.005 —
It 24|85 = 5% g3 =~ © t process. . p &) PRT adjustment factor for bacteria: 90 to 10
- g s k] gu, SLE §_g 88 E by @ssuming a 10% increase in bleod component screen- 7 : ENHTR - 7
% - g <£§ é §‘§ ‘g ; ‘g ; £§258 ing and preparation costs that would be necessary to % O pro:a:::i:y °: PE: ) ) o.ofoz :° 032)?4: 0194
€ 388E8y ¢ gssg achieve the same therapeutic efficacy in the PRT arm of probabllity o § transtusion: (. o 0.
£Ef $EEEQEE § p y )
| § & |E z 2 g5 & Q% § z 2 E z the model. In sensitivity analysis we varied this additional et l e M QoL weight for transfused patient: 0.99 to 0.81
3 E5imEd ooo0ld } cost factor between 0 and 20%. ) ) - $0.80M $1.10M  $1.40M  $1.70M  $2.00M
% . § ’ Incremental Cost/Effectiveness ($millions/QALY)
L1 N ’ ) > g _
= '% B § § § § § § § § § § g Sensitivity analysis - Fig. 1. Tornade diagram showing the range of values used and results from one-way sensitivity analysis of the most influential vari- -
E 5 § § § § g 3 § g § 8338 = Both one-way and probabilistic sensitivity analyses were ables in the whole blood PRT model. Each horizontal bar reflects the range of adjacent values listed op the right. Ranges are pro-
5| 58 lrsos®T faaag § 3 p Y V! :
O & ﬁ k4 § T2EY sorgedDc 2 conducted. All sensitivity analyses were performed using vided from low to'high or high to low in correspondence with the left and right ends of each horizontal bar. QoL = quality of life.
3 es g the overall (all ages) blood recipient’ population, age- ) ' -
o specific sensitivity analyses were not conducted. In one- . .
= 4 3 § § §§§§§ 3 way analysis, the influence of a single model variable over Several of the factors related to FNHTR, such as the adverse event and associated costs from the model. The
gé é S g-;g 88888 S the likely range of possible values for that variable is probability of FNHTRs (attributable to residual white whole blood PRT result increased to $1,364,000/QALY
Soxls I8, 35555 - assessed with respect to its impact on cost-effectiveness. blood cells (WBCs] even in leukoreduced blood) and the representing nearly a .7%  higher cost-effectiveness
@ % g g < g ] h 3 A
as, socs The one-way analyses have been aggregated into tornado ~assumed risk reduction, are influential in the whole ratio. . . .
) g diagrams, .one for the whole blood version, of the model blood PRT model. Evidence of the efficacy of UV light Appropriate values for the current residual risk for
'g g g and one for the PLTs-and-plasina model, showing the and .photoactive compound. PRT to reduce the occur- pathogens that are not universally screened for are diffi-
g g8s decreasing influence of model variables. The top 18.most rence of FNHTRs continues to emerge; both riboflavin- cult to know with certainty The influence of two infectious
:‘é é- g % influential variablés specific to each model are included in based and amotosalen-based PRT have demonstrated a threats, bacteria and T cruzi, was assessed jointly. If the
’g _8 g 2 each tornado diagram. Uncertain variable values and .decrease in these adverse events during active hemovigi- - underlying residual risk of bacterial infection for all com-
sl@s c o assumptions such as the residual risk of each adverse lance studies.®? It is expected these benefits would be onents is 1 in 75,000 and for T, cruzi is 1 in 250,000, the
Sl@ § £85 pto - . . P A - P
c|E2 20 event; PRT risk reduction factors, and treatment costs mostly limited to PLTs and RBC preparations. However, . cost-effectiveness ratio for whole blood PRT incredses to
g « 2 - g . . N 0
g' 1 § z. ES oH.3 = 5 «-1898 were varied by £50% of the baseline estimate, The costs of in order to assess the cost-effectiveness of PRT without - $1,876,000/QALY (95% CI approximation, 812,000-
b ‘ggg Eg B2k %,._" E2(20% blood safety interventions including PRT and annual considering. a potential FNHTR benefit, we set the 5,295,000), representing-a 47% higher cost-effectiveness
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posttransfusion mortality were varied by +25% indicating

residual risk of this event to zero-which removes this
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COST-EFFECTIVENESS OF PRT

TABLE S. Costs and etfects of current interventions, with PRT and incremental cost—effectlveness of PRT by
transfusion reciplent age group for PLTs-and-plasma PRT ; .
Costs and effects

Results category Overall (all ages) .0- to 39-year-oid group 40 years or older group
Total costs for current screens/interventions ($CAD) 44,37 44,55 44.36
Effects with current screensfinterventions (QALY) 7.838611 - 19.458178 7.266893
Total costs for PRT adoption ($CAD) 72.43 72.86 | 7242 .
Effects with PRT adoption (QALY) 7.838631 . 19.458243 | 7.266911
incremental cost of PRT ($CAD) 28.06 28.00 128,07
Incremental effectiveness of PRT (QALY) ) 0.000020 N ' 0.000065 0.000018
incremental cost-effactiveness of PRT ($CAD/QALY) 1,423,000 429,000 1,679,000

(85% Cl approximation) (834,000-2,818,000) (256,000-805,000). (965,000-3,174,000)

K .A‘v.""ﬁ‘v‘v'v."'.Q‘v".O %0 %0 %%

B9 mortality probability in year of transtusion: 0,10 to 0.30

o component-specific mortality adjustment: 0 to 1.5

\\\\\\‘\\\\\\\\\\\‘ 5 donor exposures non-bacterial agents per platelet prep.: 6 to {
P donor exposures bacterial per platelet prep.: 6 to 1 .

0 probability of sepsis death, immunocompetent: 0.5 to 0.3

.| W cost of PRT per donation: {75 to 125)0.25

™ discount rate for effects: 0.01 to 0,05

MaeL weight for conseguences of sepsis: 0.59 to 0.79

[O.Qol. welght in years foliowing transfusion: 0.99 to 0.86

7 component use adjustment factor for PRT: 1.0 to 1.20

I probability of T cruzi: 0.0060075 to 0.0000025

B % risk reduction adj mixed p it transf.: 0.75 to 10.25

B pPRT adjustment factorfor FNHTR: 2.99 to 1.01

B annual mortality after transfusian: - to +25%

& probability of death in acute T. cruzi state: 0,03 100,001 ~

{2 disutitity weight for FNHTR: 0.02 to 0.005 °

B probabl”ty of FNHTR: 0.0002 to 0. 00067

[ mortality adjust for i promised: 1.0 to 1.8
SO.70M SO.80M. $1.10M  $1.30M $1.50M  $1.70M. $1.50M
Incremental CostEffectiveness (Smillions/QALY) .
l-'ig 2. Tornado diagram showing the range of values used and results from one-way tivity analysis of the most { ial vari-

" ables in the PLTs-and-plasma PRT model. Each horizontal bar reflects the range of ad]ucem values listed on the right. Ranges are -

provided from low to high or high to low in correspondence with the left and right ends of each horizontal bar. QoL = quality of life. -

PLTs-and-plasma PRT

We report the costs and consequences of PLTs-and-
plasma PRT compared to current screéns and interven-
tions used in Canada {Table 5). When evaluated on an

all-transfusions basis, the incremental cost-effectiveness’

of PLTs-and-plasma PRT is $1,423,000/QALY (95% CI
approximation, 834,000-2,818,000). The mean gain in
quality-adjusted life expectancy is 11 minutes per patient;
even though the incremental cost is also lower, the
cost-effectiveness of PLTs-and-plasma PRT compared to
current screens and interventions is less cost-effective
than for whole blood PRT. This result is expected because
of the decreased -overall risk reduction achieved using
PLTs-and-plasma PRT compared to whole blood PRT, The
patterns of cost-effectiveness for older and younger trans-
fusion recipients are similar to those seen for wholé blood
PRT with estimated cost-effectiveness of $429,000 /QALY

(95% Cl apprommatlon, 256,000-805,000) in transfusxon

recipients 39 years or-younger in age.

PLTs-and-plasma PRT sensitivity analysis
In one-way sensitivity analysis; the factors that are influ-

ential in the PLIs-and-plasma PRT model in, order of

decreasing influence are mortality in the year of transfu-
sion, mortality associated with type of blood components.

" received, the number of donor exposures per pooled PLT
- preparation, the probability of death due. to sepsis, the

cost of PRT per donation, and the discount rate for effects
(Fig, 2). We examined the sensitivity analysis results with
respect to donor exposures in more detail by evaluating
the influence of the percentage of single-donor PLT
(apheresis) collections on the cost-effectiveness of PRT
based when the pooled PLT method is either buffy coat or
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dependent on the pooled PLT prepara-

$2,250,000
. . tion method. The residual risk of bacte-
$2,000,000 ria-in plasma-rich PLT preparations is
: 7 / higher than in buffy coat or apheresis

$1,750,000 / /
$1,500,000 :

preparations; thus PRT treatment of
_PLTs prepared using this method yields

LA P;Q/O/D/ . / greater benefit and a more favorable
3 $1,250,000F— - cost-effectiveness profile. As the
e o ’ / percentage of single-donor apheresis
& $1.000.000 — g ‘collections  increases, ‘the cost-
2 $750.000 b= effectiveness ratjo increases in a nonlin-
' ear manner, and at 100% single-donor

$500,000 collections, the ratio exceeds

$2,000,000/QALY. .
$250,000 '
$0 +——r T T T - - Probabilistic sensitivity analysis

0% 20% 0% 60% Bo% . 100% The cloud diagrams of the incremental

Percentage of PLTs from single-d heresis collecti . cost$ and effécts, generated from proba-

Fig, 3. Infl ofthe p ge of PLT preparations from single-donor apherests  Dilistic sensitivity analysis of whole
collectlons on the in | cost-effecti ratio (ICER) of PLTs-and-plasma blood PRT and PLTs-and-plasma’ PRT,
PRT compared to curt and interventions. (-o—) Buffy coat random-donor _Provide an indication of overall uncer-

PLTs; (~e~) plasma-¥ich random-donor PLTs,

tainty, As expected, the simulation
result plots show that both the incre-

- mental cost and the incremental effec- -
tiveness of whole blood PRT are higher
than for- PLTs-and-plasma PRT (Fig. 4).00
In. addition, -the possible values for™N
incrémental -effectiveness of -whole!
blood are more uncertain than those for
PLIs-and-plasma PRT as demonstrated
by the greater Horizontal dispersion of -
individual simulation results.

DISCUSSION.

In- this analysis, we. assessed the cost- -

we . _l’_l._fFLsMA effectiveness of PRT for whole blood
- - focused on the direct .cost of blood

- safety interventions and medical care.

[} - - -
000000 000003 . 0.00005 000008 000010  0.00013  0.00015 -

Incremental Effectiveness {QALYS)

Fig. 4.. Incremental cost and effectiveness scatterplots:from 2000 prababilistic stimu-

000018 0.00000 “ While such a technology ‘is currently
unavailable, clinical studies of candi-
date- technologies are under way. We

fations for whole blood PRT pared to current and PLTs-and-pla: PRT estil.nated the cost-eﬁ_fectiveness. of
d to current Solid lines represent the mean incremental cost- _addmg whole bl°°d.PRT in (':anada to
effectiveness ratio and dashed lines represent the 2.5 and 97.5% values of the cost- current screens and interventions to be

effectiveness ratios from the distr

of points,

plasma-rich preparations (Fig. 3). When no PLTs are pre-
pared using single-donor collection methods, the incre-
mental cost-effectiveness of PLTs-and-plasma PRT is
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of the J with peints for whole
blood PRT shown in gray and points for PLTs-and-plasma PRT in black; lines are in
reverse grayscale s0 that they can be visualized on top of each corresponding cloud )

$1,276,000/QALY. Recognizing that RBC
‘risks. would. not be mitigated by cur-
rently available PRT, we modified the
model and used it to estimate the incre-
mental cost-effectiveness of adding’
PLTs-and-plasma PRT generating ‘a
result of $1,423,000/QALY compared to current screens
and interventions. The cost-effectiveness of a PLTs-and-
plasma PRT was most dependent on the PLT collection



and preparation methods used by blood centers. The most
important factors driving better cost-effectiveness results

are the risk of bacterial contamination and other infec-’

tions resulting from higher donor exposures in pooled
PLTs. Since Canadian blood centers collect and prepare
PLTs via single-donor apheresis or buffy coat preparation
methods PRT technology will be less cost-effective in
Canada than in countries which primarily supply plasma-
rich PLTs. )

The analyses reported here with respect to-the cost-
effectiveness of PLTs-and-plasma PRT have focused on the
mix of PLT preparation methods used by Canadian Blood
Services. HemaQuebec, the ather blood operator in
Canada, which serves the Province of Quebec, uses a dif-
ferent combination of preparation methods. Approxi-
mately 80% of PLTs collected by HemaQuebec are from

- single-donor apheresls collections with the remainder of
PLTs produced in 2007 being plasma-rich PLTs averaging
five donor exposures. This combination of PLT prepara-
tion methods leads to a result of $1,389,000/QALY (95% CI
approximation, 713,000-2,944,000) for PLTs-and-plasma
PRT. The same percentages of single-danor apheresis col-
lections and buffy coat-derived instead of plasma-rich
PLTs as now used by HemaQuebec would lead to a result
of $1,775,000/QALY (95% CI approximation, 1,021, 000-
3,364,000) for PLTs-and-plasma PRT.

" Onthe one hand, if PRT were to be adopted it could be
more cost-effective than reported here. The residual risk of
transfusion-transmitted viruses of greatest concern is
already very low, particularly in Canada, due to the efficacy
of current screens and interventions, and in this analysis
we did not assume that any of these screens or interven-
tions would be discontinued or modified. However, it is
likely that blood collection agencies would seek changes.
Interventions that potentially could be eliminated include
bacterial culture for PLTs and gamma irradiation, Interven-
tions that could be modified include universal testing for
WNV and. HTLV. For example, with an available whole
blood PRT, discontinuation of testing for WNV or elimina-
tion of outbreak seasor individual donation nucleic acid
testing (NAT) might be possible due to the more than 5 logs
kill achieved usingriboflavin-based PRT,*’ and discontinu-
ation of bacterial culture of PLTs also seems feasible for
either a whole blood or a PLTs-and-plasma PRT.? Each of
these changes would favorably alter the incremental cost-.
effectiveness of PRT. Avoidance of T. cruzi screening also
seems likely given the observed ability of riboflavin-based
PRT to inactivate this and other parasites.”®

On the other hand, if PRT were to be adopted it could

-'be less cost-effective than reported here. The potential for
increased component use, adverse events for blood recipi-

ents, increased treatment costs, and increased total costs ~

to the health care system could result from the use of
riboflavin-based PRT. For example, the formation of
neoantigens is possible. Based on other PRT methods that
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do not use riboflavin as the photoactive compound, this
could be an issue for RBC units prepared from PRT-treated
whole blood.*® -Another possible concern is for PLTs
treated with PRT where clinical studies including the
MIRACLE trial have shown that the corrected count incre-
ment (CCI) is lower for PRI-treated compared to
untreated PLTs.?* Lower CCls could lead to increased risk
of bleeding. )

The current analysis does not consider other infec-
tions such as hurman parvovirus B19, Babesia, or the unde-
fined value of PRT in preventing transfusion transmission
of unknown or reemerging pathogens, The safety and
health economic benefit of PRT in the face of an emerging
agent could be considerable. Most infectious agents

(except prions) would likely be at least partially suscep- -

tible to PRT. We elected not to include such an agent in this

analysis because it is relatively easy to construct the set of -

assumptions regarding the pathogen so that results create
a very attractive economic profile for PRT. Adopting PRT

could be thought of as insurance against the risk of a .

future large epidemic of an unknown virus, bacteria, or
parasite transmitted to transfusion recipients. In the face
of a prevalent emerging pathogen it.is highly likely that
whole blood PRT would become much more cost-effective
than PLTs-and-plasma PRT alone because of the reduc-
tion of the threat in all blood components.

The residual risk of many infectious or nomnfecnous

" threats is important for the cost-effectiveness of PRT, but

limited data are available on objectively measured risks of
many potential adverse events associated with transfu-
sion. For example, the morbidity and mortality - of
bacteria-contaminated RBCs are not well defined. Quebec
hemovigilance data report that bacterial contamination of
RBCs occurs with a prevalence as high as 1 in 36,000,
whereas others have estimated the risk to be approxi-
mately 1 in 250,000 or lower® The frequency with which
such units result in detectable clinical morbidity or mor-
tality affects the calcuwation of cost-effectiveness. In our
analysis we assumed that the baseliné residual risk of
bacterial contamination was 1.in 50,000 and that 40% of
nonimmunocompromised patients who received non-
PRT-treated components containing bacteria would
develop fata) infections. Active capture of data via hemo-
vigilance may provide reliable estimates, but the availabil-
ity of more precise data would improve the accuracy of the
analysis of infectious risks across all blood component
types. The importance of current residual risks of infection
was also exhibited in other sensitivity analyses. When we
reduced the risk of bacteria and T. cruzi at the same time,
the overall cost-effectiveness ratio of whole blood PRT
increased by 47%.

Our analysis of the cost-effectiveness of whole blood
PRT has important limitations. To model the question of
the cost-effectiveness of PRT we had to make several sim-
plifying assumptions. In one simplification, ‘we assumed
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that transfusion episodes are one-time events with expo-

“ sure to one whole blood unit or its equivalent compo-

nents. This does not reflect clinical practice because
transfused patients may recéive multiple transfusions on
different occasions, and even in the same transfusion
episode patients could receive anywheye from 1 unit of
any compornent type to dozens of units. The model daes
not account for transfusion of different numbers of com-
ponents or multiple transfusion episodes. The survival of
recipients of a large number of units in a single transfusion
episode is significantly lower than recipients who receive a
smaller number of units. ' If we were able to account for
this in our model; the cost-effectiveness ratio of PRT
would be larger than reported here.

Akey factor related to blood recipients that we cannot’

address in the analysis is the possibility that current post-
transfusion survival across all component types, but par-
ticularly for PLT recipients, may be lower than the survival
probabilities we used. Changes in practice patterns such
as increased use of PLTs in patients with poor prognosis
and reduced life expectancy-would lead to larger cost-
effectiveness ratios. While clinicians may recognize that
current survival rates are lower for patients who receive
specific blood components, only published longer-term
survival data are appropriate to include in analyses of the
cost-effectiveness of blood safety interventions. By neces-
sity long-term posttransfusion survival data relies on

- transfusions that may have occurred as long as 20 years

ago. Policy analyses that rely on posttransfusion survival
data caninot circumvent this limitation.

Another potential limitation is the inclusion of some
noninfectious adyerse events such as postoperative infec-
tion that might occur as a result of TRIM. The debate is
ongoing as to whether this is a real phenomenon leading
to identifiable - health  consequences.®® " Nonetheless,
assuming that the phenomenon is feal the idea that TRIM
is'influenced by WBCs is less controversial. PRT will inac-
tivate WBCs that are not removed by leukoreduction, pre-
venting antigen presentation that could trigger recipient
immune system responses. In this analysis, we assumed
that PRT could achieve a 50% reduction in the residual risk
of occurrence of TRIM. Moreover we modeled postopera-
tive infection attributable to TRIM by assuming that the
risk reduction could be as low as 1% or as high as a twofold
increase. In sensitivity analyses, no aspect of TRIM. was
influential including the assumed risk reduction achieved
using PRT.

Another possible limitation is that there is currently

only emerging clinical data to support a reduced rate of
FNHTR after the adoption of PRT. However, the mecha-
nism for at least some FNHTRs is thought te include
residual WBCs and PRT could reduce-the frequency of
ENHTR as has been observed in clinical studies; These
benefits would be expected in componenis that carry
higher risks of FNHTRs: PLTs and RBCs. In the model,
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FNHTRs are relatively high-probability and low-cost
events that are somewhat influentjal. If FNHTR risk reduc-
tion is excluded from the model, for whele blood PRT the
cost-effectiveness ratio increases by approximately 7%
(meaning PRT is less cost-effective when FNHTRs are
excluded). However, the 7% effect on the ratio shows that
FNHTRs are not overly influential with respect to esti-
mated cost-effectiveness.

The PLTs-and-plasma PRT model also has important
additional limitations. Chief among them is that, except
for donor exposures associated with PLTs, the model does
not account for differential risks assoctated with different
component types. For example, the model assigns the risk
for plasma equal to that of PLTs for the transmission of
enveloped viruses such as CMV or HTLV and for FNHTRs
risk reduction. If other infectious or noninfectious threats
differentially partition to specific labile blood compo-
nents, then the model does not fully reflect these differen- .
tial risks. However, we did account for one of the most
importantinfluences on the residual risk of bacterial
contamination—the method of PLT preparation®*—and
showed that the cost-effectiveness of PLTs-and-plasma

" PRT varies dependmg on PLT collection and preparation

methods.
- Another important consideratior is how we modeled
the residual risk of each adverse event in the PLTs-and-

plasma PRT analysis. The infectiousness of a blosd com-O)

ponent is dependent on multiple factors;- these include N
the siage of donor's infection at the time of donation (viral
load and antibody levels), the recipient’s immune system,
and the interaction between the two, among other-fac-
tors,**** An additional factor for component-specific use’
of PRT is also present and is related to the approach we
used for modifying the residual risk of transfusion com-
plications based on the combination of components
transfused. For persons who receive. transfusions that
include both pathogen reduced and nonreduced compo-
nents (RBCs), the residual risk ‘of an adverse event is
adjusted to reflect a blend 'of the lower risk in the
pathogen-reduced component coupled with the residual
risk of the nonreduced component. .
Economic evaluations of similar PRT processes have
previously been reported. For example, studies of the cost-
effectiveness of amatosalen-based PRT for PLTs focused
on patients with specific conditions requiting transfusion,
A study conducted in the US setting reported results for
four different patient groups (pediatric acute lymphocytic .

“leukemia, hip arthroplasty, coronary artery bypass grafts,
rand adult non-Hodgkin's lymphoma). and with and

without bacterial culture. Depending on the patient popu-
lation, baseline results ranged from $4.8 to $23.0 million/
QALY with bacterial cultureand $1.4 to $4.5 million/QALY
without bacterial culture for apheresis PLTs.? For pooled.
PLTs, the cost-effectiveness was $1.0 to $6.0 million/QALY
under assumptions of low fatality attributable to bacteria)



less uncertainty, Al remaining model variables were

varied within specifically defined ranges based on pub-
lished literature or standardized methods.

Probabilistic sensitivity analysis (Monte Carlo simu-
lation) allows for an overall assessment of the uncertainty
given the range of possible values or probability distribu-
tion of each variable used in the modef. We ran 2000 com-
puter simulations of each analysis and obtained an
approximation of the 95% Confidence Interval (CI) for the
cost-effectiveness ratio, represented by the 2.5 and the
'97.5 percentiles of the distribution of results from each
simulation,

PLTs-and-plasma PRT -
We modified the whole blood model to estimate the cost

effectiveness of PRT for the technology that is currently.

approved for use in some European jurisdictions, PLTs-
and-plasma PRT. To do so we added an additional section
to the model focused on PLT preparation methods. As in
the whole blood model, transfusions containing PLTs are
separated from transfusions not containing PLTs; this
design also allowed us to include the PLT preparation
method (single donor or pooled PLTs). We assumed single
donor PLTs represent 25% of the total preparations and
buffy coat PLT preparations represent 75% of the total
preparations (percentages that approximate the prepara-
tions issued by Canadian Blood Services). The baseline risk
for PLTs in this version of the model applies ta sirigle donor
preparations and a donor exposures factor is included to
increase the baseline risk for each adverse event according
to.the number of donor exposures for recipients of pooled.
PLTs, In the PLTs-and-plasma analysis, except for bacterial
contamination, we assumed that the risk of plasra was the
same as that of PLTs and that PRT reduced those risks to the
same degree in both products. )

Except for transfusion episodes that include both
PLTs and plasma, which are included in the PLTs arm of
the mode), transfusions that include plasma are consid-
ered in another separate arm of the model. PLTs and
plasma account for approximately 25% of the compo-
nents transfused in Canada® so the effective cost of PRT
on an all transfusions basis would be approximately 25%
of the ¢ost of whole blood PRT if fixed costs are not con-
sidered, However, the risk reduction achieved for this cost
is not 25% of the overall risk because different combina-
tions of blood components are transfused to patients. To
estimate the average expected effectiveness of PLTs-and-
plasma PRT from the perspective of all components trans-
fused,, we adjusted the risk reduction achieved using
whole blood PRT. We assumed that patients receiving RBC
only transfusions would continue to have the same
residual ‘risk with no benefit from PRT. For patients
receiving transfusions that are exclusively PLTs and/or
plasma, representing nearly 15% of the transfused popu-
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lation, we assumed the risk reduction would be equivalent
tothe overall risk reduction achieved for whole blood PRT
(Table 1). For the. remaining 10% of the wansfused
patients receiving combinations. of RBCs, PLTs; and/or
plasma transfused, we assuried half of the current risk
would be mitigated, meaning that the residual risks-for

recipients of RBCs with PLTs and/or plasma is the average

of the current residual risk and the expected lower residual
risk obtained by the use of PRT for PLTs and plasma.

RESULTS

Whole blood PRT

We report the estimated average quality-adjusted life
expectancy for the transfused population overall and for
specific recipient age groups, the average healthcare--
related costs incurred per donation with current interven-
tions, and incremental cost-effectiveness of whole blood
PRT compared to current interventions used in Canada
(Table 4)., For all recipients, on average individuals are
expected to gain approximately 47 quality-adjusted life
minutes. In a cohort of 100,000 transfusion recipients this
would represent' a gain of approximately 9 quality-
adjusted life years. The incremental cost-effectiveness of
whole blood PRT compared to current screens and inter-
ventions is $1,276,000/quality-adjusted life-year (QALY;
95% confidence interval [CI] approximation 600,000~
3,313,000). For transfused patients over 40 years of age, the
incremental cost per QALY saved is higher, but similar to
the overall result given that the average age of ransfusion
is approximately 65 years in Canada. However, for recipi-
ents 39 years of age or younger the incremental cost-
effectiveness is $426, OOO/QALY (95% Cl approximation
197,000-1,173,000).

Whole blood PRT sensitivity analysis

One-way sensitivity analyses are. shown as a tornado

diagram for the overall recipient population (Fig. 1). In

order of decreasing influence, the model is most sensitive:
to the risk of bacterial contamination, annual mortality in. . .

the year of transfusion, the cost of PRT per donation, the

probability of death due to sepsis, the discount rate for
effects, and health. state quatity-adjustment preference

weights for patients requiring transfusion in the years fol-

lowing transfusion. Bacterial contamination risk is the -

most influential variable and a low risk for bacteria
(1:100,000) leads to a cost-effectiveness of nearly
$2,200,000/QALY. The impact of posttransfusion mortality
in the year of transfusion is shown in the second horizon-
ta) bar of the figure. Low annual mortality would lead to an
incremental cost-effectiveness of whole blood PRT of
$850,000/QALY, whereas high annual mortality would lead
to an incremental cost-effectiveness of whole blood PRT
of $1,550,000/QALY.
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contamination and improved to $460,000 to $1.8 million/
QALY assuming higher fatality due to bacterial contami-
nation.-Similar analyses for specific patient populations
were conducted for Belgium, the Netherlands, and
Japan.“® Ancther study from the Netherlands found the

cost-effectiveness of PRT for PLTs to be €2.8million/QALY ‘

(approx. $3.6 million/QALY) when added to bacterial
culture and €382,000/QALY {~$497,000/QALY) without
bacterial culture in random-donor PLTs for the average
recipient.’ The majority of these results suggest a cost-
effectiveness of PRT. that'is less efficient than we report
here. These previous analyses did not include the broad
range of infectious and specific noninfectious threats that
were included in our analysis. In' addition, many other
analysis assumptions were different, making direct com-
parison of our results to these studies difficult. Nonethe-

"less, one common thread is apparent: bacterial
contamination is the. most imp’ortant known adverse '

event that PRT addresses.

Our results also indicate that the age of the panent
population is an important determinant of the cost-
effectiveness of PRT. In the previously published cost-’
effectiveness studies of PRT for PLTs, the best incremental

. cost-effectiveness ratio was always evident for the pediat-

ric population.®® We conducted our analyses focused on
different age groups to show that there are subgroups of
transfused patients where PRT has a relatively attractive
economic profile. These analyses are intended to indicate
that for the expected benefits to accrue to subgroups of
patients, it may be necessary to adopt PRT for all blood
collections, Only if separate blood supply inventories were
kept could recipient-specific use of PRT be an option. The
complexity of maintaining separate inventories on such a
large scale has not been carefully studied, but in many
settings is hkely not feasible:

Model variables related to the age and health status of
the transfused population had important influence on
cost-effectiveness results. In addition, the discount rate
for effects was-influential: Discount rates reflect time pref-
erence for health and money, with higher prefererice given
to having heaith and money today as opposed to in the

-future. These model variables are not directly related to

PRT and are often influential in analyses of any blood
safety intervention. Moreover, the-influence of life expect-
ancy, quality of life, and discount rates is applicable to all
cost-effectiveness analyses regardless of medical practice
area. Both appropriately accounting for quality-adjusted
life expectancy across broad population groups and deter-
mining what discount rates to use are unresolved meth-
odologic controversies in health economics. While the

influence of these variables in the analysis is evident, -

whether these variables have meaning with respect to
decision making about PRT adoption is unclear.

Relative to the cost-effectiveness of interventions
already in use in'Canada and many other developed coun-
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tries, such as minipool HIV and HCV NAT, which exceed
$1.5 million/QALY in the United States,””*® the estimated
preadoption cost-effectiveness of whole blood PRT and of
PLTs-and-plasma PRT is consistent with established
thresholds for value in blood safety. In developed coun-
tries that have very low risk of transfusion transmission of
infectious diseases, even if some current screens or inter-
ventions are discontinued or modified, it is unlikely that’
any PRT will approach an incremental cost-effectiveness
ratio threshold of $100,000/QALY. Although expensive on
a cost-per-QALY basis in. comparison to interventions
adopted in other sectors of health care, given blood $afety.
expectations that lean toward “zero risk” for infectious
threats, commonly accepted thresholds that are regarded
as cost-effective in clinical practice do not seem relevant,
There continué to be multiple different hazards associated
with transfusion including those considered in this analy-
sis and other ories not amenable to the use of PRT such as
transfusion-related acute lung injury and transfusion of
the wrong blood type. This cost-effectiveness analysis pro-
vides additional information that wasnot previously avail-

- able and may help to support decisions regarding this

technology within the context of competing interventions
and other threats to the safety of transfusion.
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