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suMMARY. 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 inactivation of pooled platelets
to standard procedures for platelet transfusion safety
(such as, donor recruitment and screening). Data on
transfusions were derived from the University
Medical Centre 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 (LYG) 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-effectiveness figures
for pathogen inactivation may reflect acceptable cost-
effectiveness in this specific area. Two main assump-
tions of our model were that the pathogen inactivation
was 100% effective in preventing transmission of the
pathogens considered and was not associated with
major and/or costly adverse reactions. Validation
of several crucial parameters is required, in particular
the Dutch risk for acquiring and dying of transfusion-
related sepsis.

Key words: cost-effectiveness, pathogen inactivation,
pharmacoeconomics, platelets.

In the Netherlands, safety of transfusion of blood and
blood products is largely determined by supply of
available technology. The major goal of public health
authorities in this 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 et al., 2002; Yeh et al.,
2002). For example, at estimated current Dutch levels
of risk for HIV transmission through transfusion, HIV
NAT costs several millions per life-year gained (LYG)
(Postma et 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;
Loubicre et al., 2001; AuBuchon et 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 platelets. 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),
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enhance formal consideration of such further bene-
fits, inclusive of potential omission of any of the
usual tests on donor blood for viruses and bacteria
on the long-term.

MATERIALS AND METHODS
General design

We developed a pharmacoeconomic model that links
characteristics 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 1 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, 15, 379-387
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Fig. 1. Distribution of patients (upper) and transfusions
(lower) over patient groups in the University Medical
Centre Groningen (data for 1997).
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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 are 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 al., 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 15% (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% (Morrow 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 transfusions for three patient groups in the University Medical centre Groningen
in 1997 by age and gender (n = 603 for cardiology, n = 120 for haematology and n = 30 for paediatric oncology)

Cardiology Haematology Paediatric oncology
Age group (years) Male (%) Female (%) Male (%) Female (%) Male (%) Female (%)
<10 2-5 1-3 0-0 0-0 46-7 23-3
10-20 0-0 0-5 1-7 0-0 20-0 10-0
20-30 0-5 0-8 5-8 33 - -
30-40 12 0-5 0-8 9:2 - -
40-50 9-6 0-2 13-3 7-5 - -
50-60 13-8 13 15-8 18-3 - -
60-70 19-4 9:6 10-0 7-5 - -
70-80 232 12-3 1-7 4-2 - -
>80 1-0 2-3 0-0 0-8 - -
Total 71-1 28-9 49-2 50-8 66-7 33-3

© 2005 Blackwell Publishing Ltd, Transfusion Medicine, 15, 379-387
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not recalled, and over 90% of recalled platelet units
are already transfused) (Beckers et al., 2005).

Excess mortalities for HIV and HCV were set at 6
and 1% per annum, respectively (Loubiere et al.,
2001; Postma, 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 et 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 et al., 2000; Postma, Wiessing
et al., 2001; Postma et 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 pharmacoeconomic research, including the
Dutch ones (Riteco er al., 1999; Hjelmgren et al.,
2001). Indirect costs were estimated using the friction
costing approach, as requested by the Dutch guide-
lines for pharmacoeconomic research (Riteco et al.,
1999; Oostenbrink 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 et al., 2000; Postma, Wiessing et al., 2001;
Van Gestel et al., 2002; Postma et al., 2005)

HIV 83 200
HCV 19 500
HBV 1100
Sepsis 20 600
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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 a 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 to
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 et al., 2003). In our analysis, we
assumed 15% excess transfusions 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 each 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 Statistics,
Voorburg, the Netherlands).

For the three patient groups considered, a
weighted average for cost-effectiveness was also cal-
culated (proportions 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-effectiveness was expressed 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. In a first step, the financial costs and life-years lost
were estimated in the absence of pathogen inactivation
with risks for transfusion-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-effectiveness 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 (SIs) for cost-effectiveness. Microsoft Excel
97, @RISK 3-5 for Excel (Palisade, London, UK)
and DATA 3-5 for Health Care (TreeAge 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%
Sepsis
0%
No infection
Platelet transfusion unit 100%

Inactivated ~
U

Viral infection
0-0007%
Sepsis
0-0312%

No infection
0-9681%

Non inactivated
M)
N

Fig. 2. Decision tree for the cost-effectiveness analysis of
pathogen inactivation.

© 2005 Blackwell Publishing Ltd, Transfusion Medicine, 15, 379-387

€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 patient
groups was estimated at €554 000 (90% SI:
€354 000—€1092 500) As mentioned, SIs formally
represent potential annual fluctuations in cost-
effectiveness.

Sensitivity analysis revealed 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 sensitive 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-effectiveness 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)

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 393 500
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 et 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 et 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 countries
(Postma, Staginnus et al., 2001; Van Hulst et al.,
2002; Yeh et 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
et 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 et 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 et 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
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risks for bacterial infections are in line with a con-
sensus of opinion that was expressed in an 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 transfusion-
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
bacterial 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, 15, 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
interventions, 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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SUMMARY. Emerging pathogens continue to threaten
blood safety, requiring novel safety approaches.
INTERCEPT Blood System 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.
Hepeatitis C virus-like emerging 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 ranged from
3,459,201€/QALY in absence of emerging pathogen
to 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 value authorities appear to
place on preventing accidental injury, and ICER of
recent implementations in transfusion medicine
(NAT: up to €2-3 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, safety, transfusion

The 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, viral
screening 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
time. 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 threat to transfusion safety.
Scientific information is often limited at the time of
emergence, and the development of diagnostic 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.
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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 et 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 pATA™
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

20

and their residual transfusion-related infection risk
has been assessed.

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 residual risk per transfusion
multiplied with the average number of transfusions
per patient.

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 patients with NHL undergoing early stem cell
transplantation, a S5-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 et 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 (Socié 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 operated 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).

© 2006 Blackwell Publishing Ltd, Transfusion Medicine, 16, 17-30
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Fig. 1. Basic structure of decision tree. QALY, quality adjusted life years.

Table 1 summarizes the obtained average 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 the respective residual
risks of viral transmission per transfusion (Belgian Red
Cross 2003, see Acknowledgements). As they are stored
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, Transfusion Medicine, 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 of one in 5000 transfusions.

Risk of emerging pathogens

To assess the potential health economic consequences
of the INTERCEPT blood system, the risk of future
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Table 1. Average life expectancy in the absence of trans-
fusion related infection

Average life

Type expectancy (years)
AML adults 1-7
AML childhood 319
ALL adults 3.1
ALL childhood 15-6
NHL adults 59
NHL childhood 26-3
CML 9:6
CABG 16-1
Breast cancer 2:7

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

HCYV in the United States. In the 1970s, the risk of
HCYV 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 1, 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 the model were that

Table 2. Viral safety measures and residual risk of platelet transfusions (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 1/703,571
HIV Anti-HIV1 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

HBYV, hepatitis B virus; HCV, hepatitis C virus.
Source: Belgian Red Cross.
*Risk of transmission per ‘transfusion’.
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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 possible pathways at
model start, at the time of infection. At
this time, patients can either have only
acute infection without becoming a car-
rier (20%) or become carrier (80%).
Subsequently, carriers may develop
chronic complications, possibly evolving
over chronic hepatitis to cirrhosis, liver
failure or carcinoma. The probabilities
shown under the right hand side branches
represent the likelihood of possible tran-
sitions from one state to another. The
probabilities were obtained from pub-
lished literature (Pereira, 2000; Sevinir,
2003; Gordon, 1998; Hu, 1999; Tong,
1995). Only the probability of developing
chronic hepatitis is different for HCV
versus HBV: 0-212 (Sevinir, 2003;
Pereira, 2000) and 0-224 (Sevinir, 2003;
Gordon, 1998) respectively. Other dis-
ease progression rates were programmed
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 estimated 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. It 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
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(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 et 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
initially 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. Ultilities 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 attributed 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 et al., 2002).

Table 3. Utility weights applied for disease stages related
to viral infection

Utility (95% CI)

HIV
Asymptomatic 0-94
(CD4 >300 cells mm ) (Tengs 02)
CD4 200-500 cells mm > 0-82
CD4 <200 0-79
Aids 0-77
Hepatitis
Viral negative 1
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 (0-1-0-5)
Liver transplantation, 1st year 0-5(0-11-0-7)

Liver transplantation,
subsequent years

0-7 (0-24-0-87)

The same utility values were applied for hepatitis C virus as for
hepatitis B virus related health states (Dusheiko et al., 1995)
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Table 4. Cost data for disease stages related to viral
infection

Annual cost (€) (SD)

HIV*
Stage A: Asymptomatic
Stage B: Symptomatic
Stage C: Aids

Hepatitis
Viral negative

2231 (1955)
7899 (7070)
25,736 (20,766)

Acute hepatitis Cf 2300
Chronic hepatitis § 125
Compensated cirrhosis} 250
Decompensated cirrhosis} 8060
Hepatocellular carcinomai 10,000
Liver transplantation, 1st yearf 50,000
Liver transplantation, 8700

subsequent years

*Decock et al. (2001).

TOccurring in approximately 25%
(Harbarth et al., 2000).

tWong & Nevens (2002).

of HCV transmissions

Finally, the calculation of indirect costs incurred
from transfusion-associated infections is summarized
in Table 5.

Cost data

The costs per transfusion of €371-84 for SDP and
€274 for average Random Donor Platelets (RDP)
were obtained from official sources (RIZIV/INAMI,

Table 5. Methods for indirect cost calculations (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 cost
includes the cost for the system itself (€ 90, includ-
ing VAT) as well as the costs for material and per-
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 to 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, we 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.

Productivity loss calculations Haematological cancer Breast cancer CABG
Employed prior to underlying diagnosis™* 48% 39% 25%
Average n days per year active® 218 167 218
Percent resume activity post treatmentf 67 67 100
Annual n days lost if infectedf 70 44 55
Duration of productivity loss From month 6 From month 6 5 yearsq

to end stage§

Unit costs
Unit cost per hour (€) 23%*

to end stage§

CABG, coronary artery bypass graft.

*Age and sex matched national data (National Institute for Statistics, 2001, available at www.statbel.fgov.be).

fBradley & Bednarek (2002).

1The annual number of days lost if infected = % active previously x n working days/year x % who would resume activity despite under-
lying disease in the absence of infection (e.g. 48% x 218 x 67% = 70).

§Because the employment rate applied is based on calculations for the entire adult population up to all ages, the age at diagnosis does not need
to be taken into account for programming duration of activity. However, during the end stage of the underlying disease, no productivity is
assumed in the absence of infection; hence, no productivity loss can be attributed.

€70% of patients are under 60 years of age at the time of intervention. 25% of these are active for an estimated further duration of 5 years.
Beyond this duration, no productivity is assumed in the absence of infection; hence, no productivity loss can be attributed.

**Includes direct wages + employers charges (National Institute for Statistics, 1996, available at www.statbel.fgov.be)

© 2006 Blackwell Publishing Ltd, Transfusion 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 lowest 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
elimination of BactAlert testing (corresponding cost
and platelet waste reduction), the storage time pro-
longation 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-effectiveness 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.
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Including processing benefits of INTERCEPT,
resulting in a reduced cost for platelet processing
and testing, leads to lower cost-effectiveness 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.

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 5555 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 emerging virus 1/100,000

Emerging Marginal Marginal Incr C/E
Type virus Strategy Cost* cost* Efficacyt efficacyt (ICER)}

AML-A Absent Without INTERCEPT 4279 1-99953
With INTERCEPT 5915 1636 2-00000 0-00047 3,459,201

Present Without INTERCEPT 4292 1-99952
With INTERCEPT 5915 1623 2-00000 0-00048 3,355,308

AML-C Absent Without INTERCEPT 4277 31-99162
With INTERCEPT 5915 1638 32-00000 0-00838 195,364

Present Without INTERCEPT 4295 31-99019
With INTERCEPT 5915 1620 32-00000 0-00981 165,051

ALL-A Absent Without INTERCEPT 4290 2-99929
With INTERCEPT 5915 1625 3-00000 0-00071 2,280,181

Present Without INTERCEPT 4304 2-99927
With INTERCEPT 5915 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 16-00000 0-00438 370,981

NHL-A Absent Without INTERCEPT 4502 5-99850
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 25-99302
With INTERCEPT 6161 1706 26-00000 0-00698 244,591

Present Without INTERCEPT 4473 25-99200
With INTERCEPT 6161 1688 26-00000 0-00800 210,949

CML Absent Without INTERCEPT 3638 9-99797
With INTERCEPT 4929 1291 10-00000 0-00203 636,067

Present Without INTERCEPT 3659 9-99784
With INTERCEPT 4929 1270 10-00000 0-00216 586,459

CABG Absent Without INTERCEPT 360 15-99968
With INTERCEPT 493 133 16-00000 0-00032 422,784

Present Without INTERCEPT 361-3 15-99967
With INTERCEPT 492-9 132 16-00000 0-00033 395,535

BRCA Absent Without INTERCEPT 1000 2-99984
With INTERCEPT 1380 381 3-00000 0-00016 2,328,169

Present Without INTERCEPT 1003 2-99983
With INTERCEPT 1380 377 3-00000 0-00017 2,285,263

A, adults; ALL, acute lymphoid leukaemia; AML, acute myeloid leukaemia; C, childhood; CABG, coronary artery bypass graft; CML,
chronic myeloid leukaemia; 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.
itMarginal cost-effectiveness in €/QALY gained.

prompt introduction of expensive 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 et al.,

© 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 1 — no emerging virus or emerging virus 1/1000

Emerging Marginal Marginal Incr C/E
Type virus Strategy Cost* cost* Efficacyf efficacyt® (ICER)?

AML-A Absent Without INTERCEPT 4279 1-9995
With INTERCEPT 5915 1636 2-0000 0-0005 3,459,201

Present Without INTERCEPT 5568 1-9985
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 2-9973
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 5915 134 16-0000 0-0435 3086

NHL-A Absent Without INTERCEPT 4502 5-9985
With INTERCEPT 6161 1659 6-0000 0-0015 1,105,343

Present Without INTERCEPT 6492 5-9918
With INTERCEPT 6161 —331 6-0000 0-0083 —40,109

NHL-C Absent Without INTERCEPT 4455 25-9930
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
With INTERCEPT 4929 —862 10-0000 0-0155 —55,479

CABG Absent Without INTERCEPT 360 15-9997
With INTERCEPT 493 133 16-0000 0-0003 422,784

Present Without INTERCEPT 522 15-9979
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 2-9997
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 graft; 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.
iMarginal cost-effectiveness 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

28

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
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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 Scenario Strategy Cost* cost* Efficacyt efficacyt (ICER)?
AML A 2 Without INTERCEPT 4292 1-9995
With INTERCEPT 5329 1037 2-0000 0-0005 2,143,435
3 Without INTERCEPT 4292 1-9995
With INTERCEPT 5276 984 2-0000 0-0005 2,032,636
AML C 2 Without INTERCEPT 4295 31-9902
With INTERCEPT 5329 1034 32-0000 0-0098 105,389
3 Without INTERCEPT 4295 319902
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
ALL C 2 Without INTERCEPT 4290 15-9956
With INTERCEPT 5329 1039 16-0000 0-0044 237,275
Without INTERCEPT 4290 15-9956
With INTERCEPT 5276 985 16-0000 0-0044 225,028
NHL A 2 Without INTERCEPT 4522 5-9984
With INTERCEPT 5552 1029 6-0000 0-0016 656,438
3 Without INTERCEPT 4522 5-9984
With INTERCEPT 5496 973 6-0000 0-0016 620,812
NHL C 2 Without INTERCEPT 4473 25-9920
With INTERCEPT 5552 1079 26-0000 0-0080 134,763
3 Without INTERCEPT 4473 25-9920
With INTERCEPT 5496 1023 26-0000 0-0080 127,783
CML 2 Without INTERCEPT 3659 9-9978
With INTERCEPT 4441 782 10-0000 0-0022 361,091
3 Without INTERCEPT 3659 9-9978
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 15-9997
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 3-0000 0-0002 1,383,572

A, adults; ALL, acute lymphoid leukaemia; AML, acute myeloid leukaemia; C, childhood; CABG, coronary artery bypass 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 €1 million per QALY
(Jackson et al., 2003; Marshall et al., 2004).

© 2006 Blackwell Publishing 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 INTERCEPT dominance

Threshold emerging infection risk

Type Scenario 1 Scenario 2 Scenario 3
AML A 1/789 1/1230 1/1297
AML C 1/1107 1/1722 1/1816
ALL A 1/895 1/1400 1/1476
ALL C 1/925 1/1439 1/1510
NHL A 1/1205 1/1905 1/2004
NHL C 1/1057 1/1644 11738
CML 1/1675 1/2692 1/2858
CABG 1/1222 1/1932 1/2037
BRCA 1/838 1/1306 1/1380
Mean 1/1079 1/1697 1/1791

A, adults; ALL, acute lymphoid leukaemia; AML, acute myeloid leukaemia; C, childhood; CABG, coronary artery bypass graft; CML,
chronic myeloid leukaemia; ICER, incremental cost-effectiveness ratio; NHL, non-Hodgkin’s lymphoma.

measures to reduce 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.

ACKNOWLEDGEMENTS

We thank the following parties for providing valu-
able information with regard to blood safety and
blood transfusion policies in Belgium.

e Red cross services Flanders: Dr L. Muylle
e Red cross services Wallonia: Prof. D. Sontag

30

e Haematology Department, University Hospital
Ghent: Prof L. Noens

e Haematology Department, University Hospital
Gasthuisberg Leuven: Prof M. Boogaerts

e Anaecsthesiology, University Hospital
Dr L. De Baerdemaeker

e Anaesthesiology, OL Vrouw Hospital Aalst:
Dr L. Foubert

e Centre for vaccinology, University Hospital Ghent:
Prof G. Leroux-Roels

e HCV patients organisation: Mrs Colinet

Ghent:

REFERENCES

Allain, J.P., Bianco, C., Blajchman, M., Brecher, M.,
Busch, M., Leiby, D., Lin, L. & Stramer, S. (2005) Can
pathogen inactivation offer protection against the threat
of emerging pathogens to the blood supply? Transfusion
Medicine Reviews, 19, 110-126.

Amotosalen Allogeneic cellular immunotherapy system
(2003) INTERCEPT Plasma System, INTERCEPT
Platelet System, S59. BioDrugs, 17(1), 66—68.

Andreu, G., Morel, P., Forestier, F., Debeir, J., Rebibo, D.,
Janvier, G. & Hervé, P. (2002) Hemovigilance network in
France: organisation and analysis of immediate trans-
fusion incident reports from 1994 to 1998. Transfusion,
42, 1356-1364.

Bell, C.E., Botteman, M.F., Gao, X., Weissfeld, J.L.,
Postma, M.J., Pashos, C.L., Triulzi, D. & Staginnus, U.
(2003) Cost-effectiveness of transfusion of platelet com-
ponents prepared with pathogen inactivation treatment
in the US. Clinical Therapeutics, 25 (9), 2464-2486.

Biggerstaff, B.J. & Petersen, R.P. (2003) Estimated risk of
the West Nile Virus through blood transfusion in the US,
2002. Transfusion, 43, 1007-1017.

© 2006 Blackwell Publishing Ltd, Transfusion Medicine, 16, 17-30



Bradley, C.J. & Bednarek, H.L. (2002) Employment pat-
terns of long-term cancer survivors. Psychooncology, 11
(3), 188-198.

Busch, M.P. (2003) Very low level viremia in HCV infectious
unit missed by NAT. Transfusion, 43, 1173-1174.

Busch, M.P., Kleinman, S.H. & Nemo, G.J. (2003) Current and
emerging infectious risks of blood transfusions. The Journal
of the American Medical Association, 289 (8), 959-962.

Calafiore, A., Contini, M., Vitolla, G., Di Mauro, M.,
Mazzei, V., Teodori, G. & Di Giammarco, G. (2000)
Bilateral internal thoracic artery grafting: long-term and
angiographic results of situ versus Y grafts. The Journal
of Thoracic and Cardiovascular Surgery, 120, 990-996
(Abstract).

Carreras, E., Tomas, J.F., Sanz, G., Iriondo, A., Boque, C.,
Lopez, J., Cabrera, R., Sureda, A., de Soria, V.G,
Sierra, J., Sanz, M.A. & Torres (2000) Unrelated donor
bone marrow transplantation as treatment for chronic
myeloid leukemia: the Spanish experience. The Chronic
Myeloid Leukemia Subcommittee of the GEHT. Grupo
Espanological de Trasplante Hemopoyetico. Haematologica,
85 (5), 530-538.

Chamberland, M.E. (2002) Emerging infectious agents: do
they pose a risk to the safety of transfused blood and
blood products? Clinical Infectious Diseases, 34, 797-805.

Ciaravino, V., McCollough, T. & Dayan, A.D. (2001)
Pharmacokinetic and toxicology assessment of
INTERCEPT (S-59 and UVA treated) platelets. Human
& Experimental Toxicology, 20 (10), 533-550.

Davies, S.M., DeFor, T.E., McGlave, P.B., Miller, J.S.,
Verfaillie, C.M., Wagner, J.E. & Weisdorf, D.J. (2001)
Equivalent outcomes in patients with chronic myelo-
genous leukemia after early transplantation of pheno-
typically matched bone marrow from related or
unrelated donors. The American Journal of Medicine, 110
(5), 339-346.

Decock, R., Depoorter, A.M., De Graeve, D., et al. (2001)
Direct cost of health care for HIV/AIDS patients in
Belgium. AIDS care, 13 (6), 721-731 (abstract).

Dini, G., Cancedda, R., Locatelli, F., Bosi, A., Bandini, G.,
Aleesandrino, E.P., Porta, F., Uderzo, C., Messina, C.,
Fagioli, F., Arcese, W., Marenco, P., Fanin, R., Falda, M.,
Soligo, D., La Nasa, G., Giardini, C., Pession, A., Scimé,
R., Di Bartolomeo, P., Bruno, B., Garbarino, L.,
Lamparelli, T., Giorgiani, G., Lanino, E., Manzitti, C.
& Bacigalupo, A. for the GITMO. (2001) Unrelated
donor marrow transplantation: an update of the experi-
ence of the Italian Bone Marrow Transplant Group
(GITMO). Haematologica, 86, 451-456.

Dresse, M.F., Boogaerts, M., Vermylen, C., Noens, L.,
Ferrant, A., Schots, R., Doyen, C., Bron, D., Berneman,
Z., Ferster, A., Benoit, Y., Demuynck, H. & Beguin, Y.
(1999) Marrow donor program-Belgium. The Belgian
experience in unrelated donor bone marrow transplanta-
tion: identification of center experience as an important
prognostic factor. Haematologica, 84, 637-642.

© 2006 Blackwell Publishing Ltd, Transfusion Medicine, 16, 17-30

Cost-effectiveness of INTERCEPT blood system 29

Dusheiko, G. & Roberts J. (1995) Treatment of chronic
type B and C hepatitis with interferon o: an economical
appraisal. Hepatology, 22, 1863-1873.

Elmaagacli, A.H., Basoglu, S., Peceny, R., Trenschel, R.,
Ottinger, H., Lollert, A., Runde, V., Grosse-Wilde, H.,
Beelen, D.W. & Schaefer, U.W. (2002) Improved disease-
free-survival after transplantation of peripheral blood
stem cells as compared with bone marrow from HLA-
identical unrelated donors in patients with first chronic
phase chronic myeloid leukemia. Blood, 99 (4), 1130-1135.

Engelfriet, C.P., Reesink, H.W., Klein, H.G., AuBuchon,
J.P., Strauss, R.G., Krusius, T., Maki, T., Rebulla, P.,
Hogman, C.F., Knutson, F., Letowska, M., Dickmeiss,
E., Winter, M., Henn, G., Menichetti, E., Mayr, W.R.,
Flanagan, P., Martin-Vega, C., Massuet, L., Wendel, S.,
Turek, P., Lin, C.K. & Shirato T. (2003) The future use
of pathogen inactivated platelet concentrates. Vox sangui-
nis, 85, 54-66.

Farquhar, C., Basser, R., Hetrick, S., Lethaby, A. &
Marjoribanks, J. (2003) High dose chemotherapy and
autologous bone marrow or stem cell transplantation
versus conventional chemotherapy for women with meta-
static breast cancer. Cochrane Database of Systematic
Reviews, 1, CD003142.

Gaziev, D., Galimberti, M., Polchi, P., Angelucci, E.,
Giardini, C., Baronciani, D., Andreani, M., Persini, B.,
Erer, B., Sodani, P., Manna, M., Nicolini, G., Visani, G.,
Lucarelli, G.; AIEOP (2002) Fate of chronic myeloid
leukemia patients treated with allogeneic bone marrow
transplantation or chemotherapy and/or interferon at a
single center: long-term results. Bone Marrow Transplant,
29 (1), 1-8.

Gordon, S.C., Bayati, N. & Silverman, A.L. (1998) Clinical
outcome of hepatitis C as a function of mode of trans-
mission. Hepatology 28 (2), 562-567.

Grass, J.A., Hei, J.D., Metchette, K., Cimino, G.D.,
Wiesehahn, G.P., Corash, L. & Lin, L. (1998)
Inactivation of leukocytes in platelet concentrates by
photochemical treatment with psoralen plus UVA.
Blood, 91, 2180-2188.

Harbarth, S., Szucs, T., Berger, K., ez al. (2000) The eco-
nomic burden of hepatitis B in Germany. Eur J
Epidemiol, 16 (2), 173-177 (abstract).

Harrington, T., Kuehnert, M., Kamel, H., Lanciotti, R.S.,
Hand, S., Currier, M., Chamberland, M.E., Petersen,
L.R. & Marfin, A.A. (2003) West Nile Virus infection
transmitted by blood transfusion. Transfusion, 43,
1018-1022.

Hu, K.Q. & Tong, M.J. (1999) The long-term outcomes of
patients with compensated hepatitis C virus-related cirr-
hosis and history of parenteral exposure in the United
States. Hepatology, 29 (4), 1311-1316.

Jackson, B.R., Busch, M.P., Stramer, S.L. & AuBuchon,
J.P. (2003) The cost-effectiveness of NAT for HIV, HCV,
and HBV in whole-blood donations. Transfusion, 43 (6),
721-729.

31



30 K. Moeremans et al.

Laperche, S., Morel, P., Deschaseaux, M., Bouchardeau, F.,
Alimardani, G., Guillaume, N., Rouger, P. & Lefrére, J.J.
(2003) HIV antibody screening remains indispensable for
ensuring viral safety of blood components despite NAT
implementation. Transfusion, 43, 1428—-1432.

Laterre, P.F., Moeremans, K., Gilis, P. & Annemans. (2002)
Severe sepsis: clinical trial versus daily practice. A cost
analysis in Belgium. Value in Health, 5 (6), 561-562.

Lin, L., Cook, D.N., Wiesehahn, G.P., Alfonso, R.,
Behrman, B., Cimino, G.D., Corten, L., Damonte, P.B.,
Dikeman, R., Dupuis, K., Fang, Y.M., Hanson, C.V.,
Hearst, J.E., Lin, C.Y., Londe, H.F., Metchette, K.,
Nerio, A.T., Pu, J.T., Reames, A.A., Rheinschmidt, M.,
Tessman, J., Isaacs, S.T., Wollowitz, S. & Corash, L.
(1997) Photochemical inactivation of viruses and bacteria
in platelet concentrates by use of a novel psoralen and
long-wavelength ultraviolet light. Transfusion, 37, 423-435.

Marshall, D.A., Kleinman, S.H., Wong, J.B., AuBuchon, J.P.,
Grima, D.T., Kulin, N.A. & Weinstein, M.C. (2004)
Cost-effectiveness of nucleic acid test screening of volun-
teer blood donations for hepatitis B, hepatitis C and
human immunodeficiency virus in the United States.
Vox Sanguinis, 86 (1), 28—40.

Martelli, M., Gherlinzoni, F., De Renzo, A., Zinzani, P.L.,
De Vivo, A., Cantonetti, M., Falini, B., Storti, S.,
Meloni, G., Rizzo, M., Molinari, A.L., Lauria, F.,
Moretti, L., Lauta, V.M., Mazza, P., Pescarmona, L.,
Pileri, S., Mandelli, F. & Tura, S. (2003) Early autolo-
gous stem cell transplantation versus conventional che-
motherapy as front line therapy in high risk aggressive
non Hodgkin lymphoma. An Italian Multicenter
Randomised Trial. Journal of Clinical Oncology, 21,
1255-1262.

Miners, A.H., Sabin, C.A., Trueman, P., Youle, M.,
Mocroft, A., Johnson, M. & Beck, E.J. (2001)
Assessing the cost-effectiveness of highly active antiretro-
viral therapy for adults with HIV in England. HIV
Medicine, 2, 52-58.

Pereira, A. & Sanz, C. (2000) A model of the health and
economic impact of post transfusion hepatitis C: applica-
tion of cost-effectiveness analysis of further expansion
of HCV screening protocols. Transfusion, 40 (10),
1182-1191.

Pigneux, A., Tanguy, M.L., Michallet, M., Jouet, J.P.,
Kuentz, M., Vernant, J.P., Milpied, N., Ifrah, N.,
Cahn, J.Y., Gratecos, N., Reman, O., Cure, H., Caillot,

32

D. & Witz, F., Pillier-Loriette, C., Tron, P., Reiffers, J. &
Société Francaise de Greffe de Moelle. (2002) Prior treat-
ment with alpha interferon does not adversely affect the
outcome of allogeneic transplantation for chronic mye-
loid leukaemia. British Journal of Haematology, 116 (1),
193-201.

Postma, M.J., van Hulst, M., De Wolf, J.T.M. & Botteman,
M., Staginnus, U. (2005) Cost-effectiveness of pathogen
inactivation for platelet transfusions in the Netherlands.
Transfusion Medicine, 15 (5), 379-387.

Radich, J.P., Gooley, T., Bensinger, W., Chauncey, T.,
Clift, R., Flowers, M., Martin, P., Slattery, J., Sultan, D.
& Appelbaum, F.R. (2003) HLA-matched related hae-
matopoetic cell transplantation for CML chronic phase
using a targeted busulfan and cyclofosfamide preparative
regimen. Blood, 102 (1), 31-35.

Sevenir, B., Meral, A., Ozkan, T., Ozuysal, S. & Sinirtas,
M. (2003) Increased risk of chronic hepatitis in children
with cancer. Med Pediatr Oncol 40, 104-110.

Socié, G., Stone, J., Wingard, J., Weisdorf, D., Henslee-
Downey, P., Bredeson, C., Cahn, J.Y., Passweg, J.,
Rowlings, P.A., Schouten, H., Kolb, H.J., Klein, J., Bender-
Gotze, C., Camitta, B., Godder, K., Horowitz, M. & Wayne,
A. for the late effects working committee of the international
bone marrow transplant registry. (1999) Long term survival
and late deaths after allogeneic bone marrow transplantation.
The New England Journal of Medicine, 341 (1), 14-21.

Taggart, D., D’Amico, R. & Altman, D. (2001) Effect of
arterial revascularisation on survival: a systematic review
of studies comparing bilateral and single internal mam-
mary arteries. Lancet, 358, 870-875.

Tong, M., El-Farra, N., Reikes, A., et al. (1995) Clinical
outcomes after transfusion—associated hepatitis C.
N Engl J Med, 332, 1467-1466.

Weintraub, W., Clements, S., Van-Thomas Crisco, L.,
Guyton, R., Craver, J., Jones, E. & Hatcher, C. (2003)
Twenty-year survival after coronary artery surgery. An
institutional perspective from Emory University.
Circulation, 107, 1271-1277.

Wong, J.B. & Nevens, F. (2002) Cost-effectiveness of
peginterferon alfa-2b plus ribavirin compared to inter-
feron alfa-2b as initial treatment of chronic hepatitis in
Belgium. Acta gastroenterol, 65, 1-2 (extended abstract).

Yeh, J.M., Botteman, M. & Pashos, C.I. (2002) Economics
of transfusion. [Infusion Therapy and Transfusion
Medicine, 29, 218-225.

© 2006 Blackwell Publishing Ltd, Transfusion Medicine, 16, 17-30



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 safety 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
perspective in Canada were used to assess the cost-
utility of PRT in reducing the following adverse 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 life-
year (QALY; 95% confidence interval [CI] approxima-
tion, 600,000-3,313,000) compared to current screens
and interventions. PLTs-and-plasma PRT was estimated
to have a cost-effectiveness 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-
sion risks and practices, the cost-effectiveness of whole
blood or PLTs-and-plasma PRT can be modeled pro-
vided that assumptions 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 inform policy decisions regarding PRT
technology in the context of other initiatives designed to
improve transfusion safety.
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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 European 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 Availability meetings, indicate that eco-
nomic 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 virus
(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 cells (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 reduction technology;
QALY = quality-adjusted life-year; TRIM = transfusion-related
immunomodulation; WNV = West Nile virus.
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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 blood 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 consequences of the
following infectious and noninfectious adverse events:
HIV, HBV, HCV, HTLY, 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 neither 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 scenarios
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 1) 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 online version of this paper).

Structure of the model

The model has a decision analytic format and is a cohort
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 recipients 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.”*"'> The population
of blood recipients is also separated into those with and
without underlying 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.'® 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 immu-
nocompromise.”” We included immunocompromise in
our analysis by assuming that 25% of the transfused popu-
lation has underlying immunocompromise. In the model
this patient group is at increased risk of mortality and
faster disease progression, which we included as 50%
increased posttransfusion mortality in the first year after
transfusion, and increased risk of morbidity from each
adverse event.



COST-EFFECTIVENESS OF PRT

PLTs-and-plasma PRT model

TABLE 1. Percentage of patients receiving transfusions by
component combination from British Columbia and Yukon
transfusion registry data and assumed risk reduction achieved in the

plasma. Components are not assumed
to come from the same blood donor and
so carry the independent risk of each
adverse event, but the adverse risks for

Transfused labile component
combinations for 2007
(n = 184,842 components)

Percentage receiving
each type of
a component

Assumed PRT risk
reduction adjustment
factor (PRT AF)

each component would be mitigated in
a single inactivation if whole blood PRT
becomes available. The number of

RBCs only 75.7

Plasma-containing transfusions 9.9
Plasma only 6.0 (61)
RBCs with plasma (no PLTSs) 3.9 (39)

PLT-containing transfusions 14.4
PLTs only 8.2 (57)
PLTs and plasma (no RBCs) 0.6 (4)
RBCs with PLTs and plasma 2.1 (15)
RBCs with PLTs (no plasma) 3.5 (24)

None

Mixed

100% of PRT AF
50% of PRT AF
Mixed

100% of PRT AF
100% of PRT AF
50% of PRT AF
50% of PRT AF

transfusions received in an episode has
not been modeled. Although the risk of
specific infectious agents and of nonin-
fectious hazards varies according to the
type of blood component transfused,
component-specific residual risks are
mostly unreported and are not included

in the whole blood PRT analysis.

TABLE 2. Blood safety interventions and assumed costs

Per Range for Effectiveness of PRT
donation sensitivity Current blood safety interventions used
Cost Cost element cost analysis . K R
Current screens HIV antibody in Car.lada are listed (Table 2). In this
HIV NAT analysis, we assumed that all of these
HCV antibody interventions would continue and that
HCV NAT . 1 leuk ducti 1d _
HBV surface antigen u.nlversa eukore 'uc ion would con
HBV core antibody tinue. The effectiveness of PRT at
WNV NAT reducing the risk of each transfusion-
HTLV(/l) antibody associated adverse event is dependent
Serologic test for syphilis ) > .p
Total 44.00 33.00-55.00 on the interventions already in place,
Bacterial culture Bacterial culture® 25.00 18.75-31.25 the hkehhood Of adverse event occur-
after diversion rence, and the pathogen-specific per-
CMV antibody 10.30 7.72-12.88 ) p g : p p
Gamma irradiation 5.00 3.75-6.25 formance of riboflavin-based PRT.
PRT 100.00 75.00-125.00 Actual estimates of the effectiveness of

The third section of the model 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 country. 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.

In the model each transfusion recipient is assumed to
experience a single transfusion episode consisting of 1
unit of whole blood or the equivalent as RBCs, PLTs, and
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PRT under conditions of normal use will
only be available after sufficient post-
marketing 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

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 used in
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* Not known or not applicable.

1 S. O'Brien, personal communication, Canadian Blood Services, 2009.

Chikungunya virus.

CHIKV
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Canada in 2007, and so no screening costs are included for
this agent. CMV antibody and gamma irradiation costs are
assumed to be incurred only for the units intended to be
transfused to patients with underlying immunocompro-
mise. The estimated cost of PRT ($100 on a per donation or
component treated basis) covers the cost to implement
the strategy including labor and overhead. In the case of
bacterial culture, costs are not incurred for all compo-
nents as screening is conducted only on PLTs. PLTs com-
prise 10-15% of all components transfused in Canada.?
We used a currency converted, inflation-adjusted cost
estimate for bacterial culture from the Netherlands® to
determine a cost of $25 for bacterial culture per PLT
preparation.

The potential risks of riboflavin-based PRT include
cytotoxicity, genotoxicity, and reduced efficacy of compo-
nents. It is possible processing mistakes such as under- or
over-exposure to UV light may lead to these conse-
quences, but available laboratory and animal model
studies conducted to date have found only minimal evi-
dence of these adverse events.?® It is expected that RBC
and PLT efficacy could be reduced by the treatment
process, but the one available clinical study of PLTs treated
with riboflavin-based PRT did not demonstrate increased
transfusion in the PRT treated compared to untreated
arms of the trial.>#** Nonetheless, we included a compo-
nent use cost factor in the model to account for potential
additional transfusion of components due to the PRT
treatment process. We reflected increased component use
by assuming a 10% increase in blood component screen-
ing and preparation costs that would be necessary to
achieve the same therapeutic efficacy in the PRT arm of
the model. In sensitivity analysis we varied this additional
cost factor between 0 and 20%.

Sensitivity analysis

Both one-way and probabilistic sensitivity analyses were
conducted. All sensitivity analyses were performed using
the overall (all ages) blood recipient population, age-
specific sensitivity analyses were not conducted. In one-
way analysis, the influence of a single model variable over
the likely range of possible values for that variable is
assessed with respect to its impact on cost-effectiveness.
The one-way analyses have been aggregated into tornado
diagrams, one for the whole blood version of the model
and one for the PLTs-and-plasma model, showing the
decreasing influence of model variables. The top 18 most
influential variables specific to each model are included in
each tornado diagram. Uncertain variable values and
assumptions such as the residual risk of each adverse
event, PRT risk reduction factors, and treatment costs
were varied by £50% of the baseline estimate. The costs of
blood safety interventions including PRT and annual
posttransfusion mortality were varied by +25% indicating



less uncertainty. All 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 model. 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 to single 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 plasma 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 model, 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 cost 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
to the overall risk reduction achieved for whole blood PRT
(Table 1). For the remaining 10% of the transfused
patients receiving combinations of RBCs, PLTs, and/or
plasma transfused, we assumed 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 transfusion
is approximately 65 years in Canada. However, for recipi-
ents 39 years of age or younger the incremental cost-
effectiveness is $426,000/QALY (95% CI 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 quality-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-
tal 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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TABLE 4. Costs and effects of current interventions, with PRT and incremental cost-effectiveness of PRT by
transfusion recipient age group for whole blood PRT

Costs and effects

Results category

Overall (all ages)

0- to 39-year-old group 40 years or older group

(95% CI approximation)

Total costs for current screens/interventions ($CAD) 44.77 44.92 44.76
Effects with current screens/interventions (QALY) 7.885246 19.550197 7.311080
Total cost for PRT adoption ($CAD) 158.30 158.31 158.30
Effects with PRT adoption (QALY) 7.885335 19.550463 7.311161
Incremental cost of PRT ($CAD) 113.53 113.40 113.54
Incremental effectiveness of PRT (QALY) 0.000089 0.000266 0.000081
Incremental cost-effectiveness of PRT ($CAD/QALY) $1,276,000 $426,000 $1,405,000

(600,000-3,313,000)

(197,000-1,173,000) (653,000-3,693,000)

T T | T T | T T | T T | T
$0.80M $1.10M $1.40M $1.70M $2.00M
Incremental Cost/Effectiveness ($millions/QALY)

& probability of bacterial contam.: 0.00003 to 0.00001

(Il mortality probability in year of transfusion: 0.10 to 0.30
N cost of PRT per donation: 75 to 125

V] probability of sepsis death, immunocompetent.: 0.5 to 0.3
[ discount rate for effects: 0.01 to 0.05

[Tl QoL weight in years following transfusion: 0.99 to 0.86

KZ QoL weight for consequences of sepsis: 0.59 to 0.79

' component use adjustment factor for PRT: 1.0 to 1.20
annual mortality after transfusion: - to +25%

B component specific mortality sensitivity analysis: 0 to 1.5
[ probability of T cruzi: 0.0000075 to 0.0000025

[J PRT adjustment factor for FNHTR: 2.99 to 1.01

X probability of death in acute T. cruzi state: 0.03 to 0.001

[ ] disutility weight for FNHTR: 0.02 to 0.005

NI PRT adjustment factor for bacteria: 90 to 10

7] probability of FNHTR: 0.002 to 0.00067

[ ] probability of PLTs transfusion: 0.094 to 0.194

B QoL weight for transfused patient: 0.99 to 0.81

Fig. 1. Tornado diagram showing the range of values used and results from one-way sensitivity analysis of the most influential vari-

ables in the whole blood PRT model. Each horizontal bar reflects the range of adjacent values listed on the right. Ranges are pro-

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.

Several of the factors related to FNHTR, such as the
probability of FNHTRs (attributable to residual white
blood cells [WBCs] even in leukoreduced blood) and the
assumed risk reduction, are influential in the whole
blood PRT model. Evidence of the efficacy of UV light
and photoactive compound PRT to reduce the occur-
rence of FNHTRs continues to emerge; both riboflavin-
based and amotosalen-based PRT have demonstrated a
decrease in these adverse events during active hemovigi-
lance studies.?®? It is expected these benefits would be
mostly limited to PLTs and RBC preparations. However,
in order to assess the cost-effectiveness of PRT without
considering a potential FNHTR benefit, we set the
residual risk of this event to zero which removes this
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adverse event and associated costs from the model. The
whole blood PRT result increased to $1,364,000/QALY
representing nearly a 7% higher cost-effectiveness
ratio.

Appropriate values for the current residual risk for
pathogens that are not universally screened for are diffi-
cult to know with certainty. The influence of two infectious
threats, bacteria and T. cruzi, was assessed jointly. If the
underlying residual risk of bacterial infection for all com-
ponents is 1 in 75,000 and for T. cruzi is 1 in 250,000, the
cost-effectiveness ratio for whole blood PRT increases to
$1,876,000/QALY (95% CI approximation, 812,000-
5,295,000), representing a 47% higher cost-effectiveness
ratio.
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TABLE 5. Costs and effects of current interventions, with PRT and incremental cost-effectiveness of PRT by
transfusion recipient age group for PLTs-and-plasma PRT

Costs and effects

Results category

Overall (all ages)

0- to 39-year-old group 40 years or older group

(95% CI approximation)

Total costs for current screens/interventions ($CAD) 44.37 44.55 44.36
Effects with current screens/interventions (QALY) 7.838611 19.458178 7.266893
Total costs for PRT adoption ($CAD) 72.43 72.55 72.42
Effects with PRT adoption (QALY) 7.838631 19.458243 7.266911
Incremental cost of PRT ($CAD) 28.06 28.00 28.07
Incremental effectiveness of PRT (QALY) 0.000020 0.000065 0.000018
Incremental cost-effectiveness of PRT ($CAD/QALY) 1,423,000 429,000 1,579,000

(834,000-2,818,000)

(256,000-805,000) (965,000-3,174,000)

%%
EEEEEEEE EEEEEE
AONOMNONNNNNNNNNNNNY

(YIS
INNNENERNERERER]

]

T T T | T T T T T T T T
$0.70M $0.90M $1.10M $1.30M $1.50M $1.70M $1.90M

Incremental Cost/Effectiveness ($millions/QALY)

& mortality probability in year of transfusion: 0.10 to 0.30

HH component-specific mortality adjustment: 0 to 1.5

KXY donor exposures non-bacterial agents per platelet prep.: 6 to 1
V] donor exposures bacterial per platelet prep.: 6 to 1

[ probability of sepsis death, immunocompetent: 0.5 to 0.3

B cost of PRT per donation: (75 to 125)*0.25

X discount rate for effects: 0.01 to 0.05

I QoL weight for consequences of sepsis: 0.59 to 0.79

[] QoL weight in years following transfusion: 0.99 to 0.86

[/ component use adjustment factor for PRT: 1.0 to 1.20

[(IJ probability of T cruzi: 0.0000075 to 0.0000025

] % risk reduction adjustment mixed component transf.: 0.75 to 0.25
& PRT adjustment factor for FNHTR: 2.99 to 1.01

B annual mortality after transfusion: - to +25%

N probability of death in acute T. cruzi state: 0.03 to 0.001

(4 disutility weight for FNHTR: 0.02 to 0.005

[ probability of FNHTR: 0.0002 to 0.00067

L] mortality adjustment for immunocompromised: 1.0 to 1.8

Fig. 2. Tornado diagram showing the range of values used and results from one-way sensitivity analysis of the most influential vari-

ables in the PLTs-and-plasma PRT model. Each horizontal bar reflects the range of adjacent 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 screens 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 whole blood
PRT with estimated cost-effectiveness of $429,000/QALY
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(95% CI approximation, 256,000-805,000) in transfusion
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 PLTs-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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Fig. 3. Influence of the percentage of PLT preparations from single-donor apheresis
collections on the incremental cost-effectiveness ratio (ICER) of PLTs-and-plasma
PRT compared to current screens and interventions. (—o—) Buffy coat random-donor
PLTs; (—e—) plasma-rich random-donor PLTs.
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Fig. 4. Incremental cost and effectiveness scatterplots from 2000 probabilistic simu-
lations for whole blood PRT compared to current screens and PLTs-and-plasma PRT
compared to current screens. Solid lines represent the mean incremental cost-
effectiveness ratio and dashed lines represent the 2.5 and 97.5% values of the cost-
effectiveness ratios from the distributions of the simulations with points for whole
blood PRT shown in gray and points for PLTs-and-plasma PRT in black; lines are in
reverse grayscale so that they can be visualized on top of each corresponding cloud
of points.

dependent on the pooled PLT prepara-
tion method. The residual risk of bacte-
ria in plasma-rich PLT preparations is
higher than in bufty coat or apheresis
preparations; thus PRT treatment of
PLTs prepared using this method yields
greater benefit and a more favorable
cost-effectiveness  profile. As the
percentage of single-donor apheresis
collections increases, the cost-
effectiveness ratio increases in a nonlin-
ear manner, and at 100% single-donor
collections, the ratio exceeds
$2,000,000/QALY.

Probabilistic sensitivity analysis

The cloud diagrams of the incremental
costs and effects, generated from proba-
bilistic sensitivity analysis of whole
blood PRT and PLTs-and-plasma PRT,
provide an indication of overall uncer-
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).
In addition, the possible values for
incremental effectiveness of whole
blood are more uncertain than those for
PLTs-and-plasma PRT as demonstrated
by the greater horizontal dispersion of
individual simulation results.

DISCUSSION

In this analysis, we assessed the cost-
effectiveness of PRT for whole blood
focused on the direct cost of blood
safety interventions and medical care.
While such a technology is currently
unavailable, clinical studies of candi-
date technologies are under way. We
estimated the cost-effectiveness of
adding whole blood PRT in Canada to
current screens and interventions to be
$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

plasma-rich preparations (Fig. 3). When no PLTs are pre- result of $1,423,000/QALY compared to current screens
pared using single-donor collection methods, the incre- and interventions. The cost-effectiveness of a PLTs-and-
mental cost-effectiveness of PLTs-and-plasma PRT is plasma PRT was most dependent on the PLT collection
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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 other 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 apheresis 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-donor 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.

On the 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 season individual donation nucleic acid
testing (NAT) might be possible due to the more than 5logs
kill achieved using riboflavin-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

41

COST-EFFECTIVENESS OF PRT

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 PRT-treated compared to
untreated PLTs.” Lower CClIs could lead to increased risk
of bleeding.

The current analysis does not consider other infec-
tions such as human 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 noninfectious
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 calculation of cost-effectiveness. In our
analysis we assumed that the baseline 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 fatal 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 receive multiple transfusions on
different occasions, and even in the same transfusion
episode patients could receive anywhere from 1 unit of
any component type to dozens of units. The model does
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 cannot circumvent this limitation.

Another potential limitation is the inclusion of some
noninfectious adverse 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 real 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 to include
residual WBCs and PRT could reduce the frequency of
FNHTR as has been observed in clinical studies. These
benefits would be expected in components 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 influential. If FNHTR risk reduc-
tion is excluded from the model, for whole 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 associated 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
important influences on the residual risk of bacterial
contamination—the method of PLT preparation®*—and
showed that the cost-effectiveness of PLTs-and-plasma
PRT varies depending on PLT collection and preparation
methods.

Another important consideration is how we modeled
the residual risk of each adverse event in the PLTs-and-
plasma PRT analysis. The infectiousness of a blood com-
ponent is dependent on multiple factors; these include
the stage 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.’>3¢ 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 amotosalen-based PRT for PLTs focused
on patients with specific conditions requiring 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,
and 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 culture and $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 bacterial



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.*® Another 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 important known adverse
event that PRT addresses.

Our results also indicate that the age of the patient
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 likely 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 preference given
to having health 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 safety
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 continue to be multiple different hazards associated
with transfusion including those considered in this analy-
sis and other ones 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 was not 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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A% 10 o TEEEREE ] IR1 1IRT X951

242,987,846 ] L7010 | 14-47-0 24,298,785 M L 725,

#3 FREBROFEHERE (BA 2007 4)
N M
AT 4,276,679
BYETR 766,237
JH A2 3,748,163
JIT MRS A 15,168,287
sk M
SVERTR 17,310,343
BYETR 2,952,795
JH A2 2,080,998
FEHIAR A A 3,757,797
#4 HIVOEBEERE (BE 2007 4)
M
;\1};}2 14,900,000

#5 ZOMOBRYIE WIE. £ hAR T A VR B19 BXOHEV) DERERE

(A 2007 £4£)

N M
A A S 6,770,602
t hoULAR T A L2 B19 1,443,080
HEV 4,276,679

3k M
RS 1,341,824
t h/ULER T A LA B19 6,019,502
HEV 17,310,343
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> BRGSOV T, T2 OMOBYES L O%FARIE], & b OVRY A L2 B19IC
DUWTIE TR USRS OIRZ 2 £ 5 ZF Ofthod 7 A L A | HEV ([2>WC % HBV,
HCV L RIERIC [0 A LV ARFA ) D&z A,

> HEV BUCoW T, Bl 2 & 72 < AR TR LTz L R0E LTz,

K6 FHREBOFEHTER H ek L U5k A ¥

PN H
BT 14.2
B 35.5
JH R 22 40.7
JFAm A 23 A 22.4

43k H
SVERTR 36.7
BYETR 50.0
JH A2 44.0
JFAm A 23 A 38.0

#z 7 HIV OTERE Ak L Ok B 3%
N 40.1
A3 25.0

K8 ABek L U4 KA

N H
RS 45.2
bt VLR T A LA B19 4.2
HEV 14.2

Ak H
i B G 23.3
b RSV T A LA B19 36.1
HEV 54.5
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#£9 HCVOmEI S 10 FEEOBBHESR

= Egg 1EH 25 H 3%£H 4% H 5%£H 6£EH 7% H 8% H 9% H 104 H

TS 1 - - — — — — _ _ _
BT 0] 00230547550 | 0.0230804537 | 0.0342339653 | 0.0451890934 | 0.0558932392 | 0.0664036043 | 00766604108 [ 0.0867241703 | 0.0965601127
1 fﬁi [+] 0| 0.0002622779 | 00006966214 | 0.0013290910 | 0.0021732487 | 0.0031803057 | 0.0043530393 | 0.0056487905 | 0.0070846315
1 fﬂlﬂﬁ 0 0| 00001311389 | 00002985520 | 0.0005235813 | 0.0008489253 | 0.0012073383 | 0.0016160984 | 0.0020626289 | 0.0025393709
A [+] 0 0 | 00000497587 | 0.0001208265 | 0.0002716561 | 0.0005300509 | 0.0008862475 | 0.0013828989 | 0.0019845504
#10 HCVREEEDER (028 N) ZRALZBEDAZ H 10 F£HOFHRED AL
F 128 2% H 3EH 44 H 54 H 64 H 7% H 84 H 94§ 104 H
SIS 0.28 - - - - - - - - -
Eﬂ_ﬂﬁﬁ 0| 00064553314 | 0.0064625270 | 00095855103 | 0.0126529462 | 0.0156501070 | 0.0185930092 [ 0.0214649150 | 0.0242827677 [ 0.0270368316
Hﬁi [+] 0| 0.0000734378 | 00001950540 | 0.0003721455 | 0.0006085096 | 0.0003904856 | 0.0012188510 | 0.0015816613 | 0.0019836968
Hﬂﬂlﬂﬁ 0 0| 00000367189 | 00000835946 | 0.0001466028 | 0.0002376991 | 0.0003380547 | 0.0004525076 | 0.0005775361 | 0.0007110239
A [+] 0 0| 00000139324 | 0.0000338314 | 0.0000760637 | 0.0001454143 | 0.0002481493 | 0.0003872117 | 0.0005556741
#£11 5% 10 ER0OERERE
| ] 5% 10 ERoERE (H)

HCV =& 2,214,000

HBV [EE &G 193,851,458

HIV [EEkG 11,883,782

R R R R R 6,489,941

HPV-B19 [ER &G 7,462,582

HEV =& 10,793,511

AZt 243,488,785
8
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2. REHEK
Atk 10 R ORFER IGRFHIZ, 4,201,604 FT 144720 420,150 H & 725, BHHLZ W
HBV (C L 250, ZolY: (2,751,410 ) & Hd Tz,

3. Rtz k AEEFHIE
WMEZFHTCHLRH o720 HEEEEE LD L L THIFERYE HCV R H 508, Zi1hH
DFERAFRL 2177,

#z12 ‘BRI

H El BAAE (H)
HCV 2 & %msieﬂ Ao 57,768
AIER LT & B8 KRR FR T 10,778,922
KBt 10,836,690
4. ER

UL NEEEREANCIVELND 1 4720 o TEEERE] AFERK] TR
i k28RS 207241, 25,852,698 L 705 (R13) .

#13 AEEEEANCKAER

ﬁ H ik (M)
B ERERG 243,488,785
PREEFE JA %Jr 4,201,504
Jje%ua BF 10,836,690
wa (/\f& 10 A1) 258,526,979
%@%(1@%%@) 25,852,698

E5

DRETIE HBV BREN LA, Jiud TEREEREE ) & RERKL) OR¥0 HBV
ZFKE L TNDZ EICHERNATND, flAD HBV DG, £ D) 98% N aEif4k ¢
WL, ZEACEBHELARWI E0D 1 FHOERESOMENERT L, UkiFe
N EFBEE RIFE 0, AL, ITFEOWIMNIEIRZ F> HBV (ZEHELT 5 L ShbihiTind
NI ZTIEHBE Lo,

HCV0_<W\T BT 2HENRENEOD, HBV IZHARDL SR D72 Tk
v, [FIERIZ %M%@im&m%@&&ofwé

kaOwT%PBV&UWMVLwLTWW%QWﬂmﬁM EMD | RFHIREIX
RichnwboltEzb5N5,

R ICCB AR T EE 2RI LIZbDOTH Y . A EITESH OFE4ER %
f@ﬁ%ﬁibtoﬁaﬂwﬁﬁ £ 5L ST T D38 OFEAFRRT 64.6 5% & HE
FEnsZ EnD DOIFEFmE WD & TRERK) & NMERFRE) JIFEAE4AT
RN & &éomeﬁr%@%%#T%ﬁﬁéﬁ\@ﬁk@iﬁ@%i@ﬁﬁéﬁ*
WwWhorEZHS (K1), Ltﬁof\:h%@:k%m%ﬁékiﬁwﬁﬁiﬁib
b XnbnbolBbnsd, Mx TAREIOFETIL, @iz X o220 ER~ARIC
%mﬁ@%t®?~&ﬂﬁmt@%ﬁf%ﬁ#okﬁ\:n%%%ﬁ?mﬁégﬁﬁﬁﬁ
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TIaboLlbhsg, —J, SROHE T NEYERFHSEALENT) 2 1 AR50 L
723560 HCV O THIZHOWT 10 FEB DA LNERE Lo 7=, HCV @ B AR RaE 132k
T30 FMRREIC LS Z 06 BEIZIX 30 FMORFFE LT O MENH -T2 LB 2D,
LL, 30 FEOHAEEIT-72E L TH, bbb & DREETEEOEMHEN/ NS WTZDZED
HIIENTH Y, FBRIITEEAEEEEZ RISV EEbND,

X1 #ANOEIMmIRI

¥ THEESO MK FEFE CFEAL 21 5)  HEEAR R REBORE SRRt 12
£2 &, 60 L EOBFICHT DEMMAEIRD 74.8%% HHOTW\D, & 2 TEAFMMME
WO RAEIAEE N ET LTV D SGE LT, il 252 ) 7= F O ER 2 Kb 5 &
64.6 % & HERF SN D,

= PS)

REEEAT R MZOWTE, AR TR LG L R L TEmT A0 ELH A 5, NAT
XU ANAERET S Z EICEIREZENTHDN, UA IV AEOFREMEMED L DDA
I ERFETIThivooH 5, S/D AL X 2 R R U b E T OB PEIC >V Tt
A. PererialTlic L 0 1T 7=28, ZOFERITRFEENMEN LD TH - 72,

Fo. AR TITHE - FBURYYEOWRITORMBEE BE L TV, Wn/p B JEYE £ T
R E T TRFEFE 21T H X&), £ L CTIROBRACHRIE TR EORE ORFEIR
ERATRENIONWTHERBILETHA I,
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