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Objectives: The aim of this study was to assess the cost-effectiveness of drotrecogin alfa
(activated) compared with best supportive care in a UK cohort of adult intensive-care
patients with severe sepsis.

Methods: A systematic review of evidence on the clinical- and cost-effectiveness of
drotrecogin alfa (activated) was undertaken, and a decision-analytic model was developed
to estimate the cost-effectiveness of treatment in the United Kingdom. Trial data from the
Recombinant Human Activated Protein C Worldwide Evaluation in Severe Sepsis
(PROWESS) study have been synthesized with other data, including UK data on severe
sepsis, to estimate the costs and consequences of treatment over time.

Results: For patients with severe sepsis and multiple organ dysfunction, the estimates of
cost per life year and cost per quality-adjusted life year (QALY) are £4,931 and £8,228,
respectively. For patients with severe sepsis alone, the cost per life-year and cost per
QALY are £5,495 and £9,161, respectively.

Conclusions: Whereas the therapeutic cost for drotrecogin alfa (activated) appears high
(at around £5,000 per patient) and the potential impact on the provider budget is
considerable, drotrecogin alfa (activated) is clinically effective, represents a cost-effective
use of resources, and is a significant advance in the treatment of severe sepsis in patients
requiring intensive care.
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Severe sepsis is a life-threatening systemic response to in-
fection representing the most common cause of death in
intensive-care patients, with mortality rates in the region of
20 to 56 percent (4;11;34). The incidence of severe sepsis in
the first 24 hours of intensive care in the United Kingdom is
reported at 27.1 percent (34), equivalent to 21,191 cases in
England and Wales per year, and this common condition ac-
counts for significant resource use in the intensive-care unit
ICu).

Drotrecogin alfa (activated), the recombinant form of
human activated protein C (thAPC), is an adjunctive ther-
apy to best standard care for patients with severe sepsis,
modulating the inflammatory and coagulatory responses to
infection that characterize sepsis. It has been licensed in the
European Union (August 2002) for the treatment of adult
patients with severe sepsis with multiple organ failure when
added to best standard care. It was previously similarly ap-
proved by the Food and Drug Administration (FDA) in the
United States for the reduction of mortality in adult patients
with severe sepsis who have a high risk of death (e.g., as
determined by Acute Physiology and Chronic Health Evalu-
ation II [APACHE II] score) (6). Drotrecogin alfa (activated)
is one of only a few treatments to show an improved short-
term outcome in severe sepsis, and its licensing approval
has been based on findings from the Recombinant Human
Activated Protein C Worldwide Evaluation in Severe Sepsis
(PROWESS) study (7), which demonstrated an absolute risk
reduction (28-day survival) of 6.1 percent, a 19.4 percent
reduction in the relative risk of death.

It has been estimated that between 10,000 and 21,000
patients per year in England and Wales might be eligible to
receive drotrecogin alfa (activated) (34;35), but the uptake
of this new therapeutic option has been slow in the United
Kingdom to date. Factors such as the estimated cost of treat-
ment (around £5,000 per therapeutic course), the potentially
large patient group, and the differences between license in-
dication between the United States and Europe, may have
contributed to its limited use in UK intensive-care patients.
The National Institute for Clinical Excellence (NICE) in the
United Kingdom, which provides patients, health profession-
als, and the public with guidance on current best practice, was
asked to provide national guidance on the use of drotreco-
gin alfa (activated) (31). This study reports the results of a
systematic review and economic evaluation commissioned
to assist NICE in their deliberations.

METHODS

We report a cost-effectiveness analysis based on a decision-
analytic model (a Markov-type model) comparing drotreco-
gin alfa (activated) plus conventional care versus conven-
tional care alone, in a UK cohort of adult patients with
severe sepsis. The development and structure of the cost-
effectiveness model have been informed by a systematic re-
view of the clinical- and cost-effectiveness literature. Detail
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of the systematic review methods has been reported else-
where (26). The model estimates cost-effectiveness in adult
patients with severe sepsis as defined using the inclusion cri-
teria for the PROWESS study (7) and for those patients with
severe sepsis and multiple organ failure. The perspective of
the cost-effectiveness analysis is that of a third party payer,
that is, the National Health Service (NHS) in England and
Wales. Costs associated with patient care from the NHS and
the personal social services are included in the analysis, to-
gether with all known patient benefits. Table 1 presents an
overview of the main input parameters and assumptions in
the cost-effectiveness analysis.

Effectiveness

The evidence on the effectiveness of drotrecogin alfa (ac-
tivated) for the treatment of severe sepsis comes primar-
ily from one large pivotal randomized controlled trial—the
PROWESS study (7). Additional data are available from
a non-blinded and non-comparative (open-label) extension
of the PROWESS study (8;27) and a cumulative review on
safety and efficacy (9). The PROWESS study demonstrated a
statistically significant absolute reduction in 28-day all-cause
mortality of 6.5 percent (95 percent confidence interval [CI],
—10.7-2.2), equivalent to a relative risk of death of 0.79
(95 percent CI, 0.68-0.92), based on intention-to-treat anal-
ysis. Longer-term follow-up of PROWESS patients (2) in-
dicates that the survival benefit is maintained to 90 days
(p = .048); at 9 months, there is still a trend toward increased
median survival, but this trend is no longer statistically sig-
nificant (log rank p = .097).

The PROWESS study was not powered for subgroup
analysis; however, prospective and non-prospective subgroup
analyses have been reported across a wide range of sub-
groups, for example, by age, sex, site and type of infection,
by co-morbid conditions, surgical status, presence of sep-
tic shock, use of vasopressor support, and disease sever-
ity (17;19). A priori subgroup analyses show a progres-
sive reduction in the relative risk of death with increasing
number of organ failures, from 0.92 (95 percent CI, 0.63—
1.35) in patients with one organ failure at baseline to 0.60
(95 percent CI, 0.33—1.11) in those with five organ failures.
Results presented by the number of organ dysfunctions are
not statistically significant, but when mortality rates are com-
bined for patients with two or more organ failures, the relative
risk for all-cause mortality (28-days) is significantly lower
in those treated with drotrecogin alfa (activated) compared
with placebo (0.78, 95 percent CI, 0.66-0.92) (17).

Among findings from subgroup analyses, results pre-
sented according to APACHE II score have been widely
discussed in the context of categories of disease severity
(APACHE 1II quartiles). The original PROWESS study re-
port indicated that results were consistent across APACHE 11
subgroups; however, subsequent post hoc subgroup analysis
(6) reports that, for patients with an APACHE II score below
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Table 1. Cost-Effectiveness Model: Input Parameters/Assumptions

Variable/parameter

Data

Source

Baseline cohort characteristics:
Age in years (mean, SD)

Sex (% male)

Life expectancy data

Mean life expectancy (years) estimated for the
above age—gender patient group (mean, SD),
non-discounted

Baseline risk:

28-day mortality for patients with severe sepsis

28-day mortality for patients with severe sepsis
and MOD

Effectiveness data

28-day mortality for patients with severe sepsis

28-day mortality for patients with severe sepsis
and MOD

Additional risk of SBE

Adjustment of life expectancy data
Following 28-day survival

Risk of death year 1

Risk of death year 2

Risk of death year 3

Risk of death year 4

Health state value
Survivors of severe sepsis

Hospital resource use
Length of stay (days) in ICU (Mean, SD)
severe sepsis/severe sepsis plus MOD
Survivors
Non-survivors

Length of overall hospital stay (days), (mean, SD)

severe sepsis/severe sepsis plus MOD
Survivors
Non-survivors

Costs data:

Drotrecogin alfa (activated)

Mean cost per patient (excluding VAT)

60.8 (16.9)

54.27%

Age-specific life expectancy for the
general population of England
and Wales

22.56 (12.98)

41.5% (40.8%—42.3%)
46.2% (45.3%—47.1%)

RR 0.79 (0.68-0.92)
RR 0.78 (0.66-0.93)

1.5%

19.40%
5.68%
4.75%
391%

0.60 (£0.015)

7.8 (10.5)/8.8*
6.4 (10.1)/6.1*

36.6 (36.7)/38.6*
18.9 (26)/18.3*

ICNARC (unpublished data)

ICNARC (34)

UK Government Actuary Department
(24)

ICNARC (34)
ICNARC (unpublished data)

PROWESS (7)
PROWESS (7)

PROWESS (7)

Using data from Wright et al. [40]

Angus et al. [5]

ICNARC (unpublished data)
ICNARC (unpublished data)

ICNARC (unpublished data)
ICNARC (unpublished data)

Davies et al. (13)

Severe sepsis £4,775
Severe sepsis/MOD £4,716
Cost for serious bleed (mean) £3,182 NHS Reference Costs, 2002 (14)
Hospital costs
Cost per day in ICU (mean) £1,232 NHS Reference Costs 2002 (14)
Cost per day other ward (mean) £200 Davies et al. (13)
Estimated hospitalization cost:
Severe sepsis
Survivors £15,370 Based on above data for resource use and
Non-survivors £10,384 hospital costs
Severe sepsis and MOD
Survivors £16,802
Non-survivors £10,156
Long-term NHS costs
Mean annual cost per patient (general population) Estimate based on data from UK Dept. of
Age 1644 years £708.47 Health, (15;16) and population data for
Age 45-64 years £985.19 England and Wales (ONS) (39)
Age 65+ years £1,807.84
Weighted mean annual cost per year (All) £1,290
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Table 1. Continued
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Variable/parameter Data Source
Mean (SD) estimate of long-term NHS
cost (excluding initial intervention/
acute care)
Base case £17,062 (£3,294)
Discounting at 3.5% £22,112 (£9,155)
No-discounting £35,459 (£17,737)

Discount rates
Future costs 6%
Future benefits (life years) 1.5%

By convention/NICE guidance

4Standard deviation data not known.

ICNARGC, Intensive Care National Audit and Research Centre; MOD, multiple organ dysfunction; SBE, serious bleeding event; PROWESS, Recombinant
Human Activated Protein C Worldwide Evaluation in Severe Sepsis; ICU, intensive-care unit; VAT, value-added tax; NHS, National Health Service;

NICE, National Institute for Clinical Excellence; RR, relative risk.

24 (1st and 2nd quartile), the mortality benefits were not sta-
tistically significant, with a combined relative risk of 0.99 (95
percent CI, 0.75-1.30). For those patients with an APACHE
II score of 25 or greater, the relative risk is reported at 0.71
(95 percent CI, 0.59-0.85) (20). The FDA in an unprece-
dented move issued approval of drotrecogin alfa (activated)
for use in patients at a high risk of death, suggesting that
the APACHE II score be used to consider risk of death. Yet,
the APACHE 1I scoring system is not designed to provide
an indication of disease severity or outcome for individual
patients, it only reflects outcomes for populations of patients
3.

PROWESS findings report a difference in serious bleed-
ing events (SBE) between treatment and placebo groups, with
3.5 percent of those patients treated with drotrecogin alfa (ac-
tivated) experiencing an SBE, and 2 percent of those in the
conventional-care cohort experiencing an SBE (with the ma-
jority of events occurring during infusion). This difference
(1.5 percent) was not statistically significant (p = .06); how-
ever, it is regarded as clinically meaningful. Excluding SBEs,
there were no significant differences between drotrecogin
alfa (activated) and placebo groups in the incidence of seri-
ous adverse events.

Patients

The baseline patient group in the cost-effectiveness model
have been selected to reflect the potential in-practice pa-
tient group in the United Kingdom. The cohort is defined
according to the PROWESS criteria for severe sepsis and
the PROWESS inclusion criteria but does not reflect the
PROWESS exclusion criteria. Data on this baseline popu-
lation are from the Intensive Care National Audit and Re-
search Centre (ICNARC), London (unpublished data, 2003).
Applying the exclusion criteria as used in PROWESS would
further refine this patient group, but it is not clear how cri-
teria will be applied in practice; therefore, the patient group
meeting the license indication have been used as a baseline
in the model.

Model Effects/Outcomes

Presently, trial data are limited to findings on short-term all-
cause mortality. To estimate the cost-effectiveness of treat-
ment with drotrecogin alfa (activated), it is necessary to ex-
trapolate from effectiveness data from the PROWESS trial
(i.e., short-term 28-day survival data) to longer term out-
comes reflecting life years and quality-adjusted life years
(QALYs) gained. Given the similar hospital treatment and
experiences of PROWESS patient groups, which is supported
by intensive-care physicians, we consider the longer term im-
plications of treatment for those patients surviving at 28-days.
Using effectiveness data on relative risk of death from
PROWESS, we model estimates of the long-term survival
benefits from conventional care plus drotrecogin alfa (acti-
vated) versus conventional care alone. The model structure
is described in Figure 1.

Using data from ICNARC on baseline patient charac-
teristics (e.g., age, gender) and life expectancy data (by age,
gender) for the general population of England and Wales
(24), we estimate the mean life expectancy for the patient
group (22.56 years non-discounted; SD 12.98) as an input
to the cost-effectiveness model (discounted where appro-
priate). To allow for the fact that the life expectancy for
survivors of severe sepsis is not the same as that of the gen-
eral population, the model structure transits 28-day survivors
through a period of 4 years at an increased risk of death
(compared with the general population), using data from
Wright et al. (40). Wright and colleagues show a greater
risk of death in critically ill intensive-care patients through
years 1 to 4 after ICU discharge. Estimates of adjusted life
expectancy show an adjustment factor of approximately 70
percent using this methodology (i.e., 28-day survivors in
our model have a life expectancy that is 30 percent shorter
than age—gender-matched general population statistics). In
sensitivity analyses, we also take a different methodological
approach to the estimation and adjustment of life expectancy
for survivors of severe sepsis, applying findings from Quartin
et al. (36) of an adjustment factor of 0.51 to all 28-day sur-
vivors, to show life expectancy of survivors of severe sepsis
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Figure 1. Flow diagram showing basic structure of the cost-effectiveness model.

at 51 percent of that of the general population norm (age-
and gender-matched).

We adjusted life expectancy for quality-of-life using
health state values. A systematic search of the literature was
undertaken, but no published studies were identified with
data on health state values for survivors of severe sepsis; one
abstract was identified (18). Given the limitations in the em-
pirical literature, we applied the data reported by Angus et al.
for the quality of life of a sample of patients with acute res-
piratory distress syndrome (at 12 months) to quality-adjusted
life year gains (0.60 = 0.015) (5). Data from Drabinski et al.
(18), reporting a health state value for severe sepsis at 0.69
(at 180 days), derived from the EuroQol health state clas-
sification instrument (EQ-5D), was applied in sensitivity
analyses.

Applying the above methods, we modeled the experi-
ences of a cohort of patients for both conventional care and

conventional care plus drotrecogin alfa (activated) to consider
the differences between the two treatment options. We use
probabilistic modeling (Monte Carlo methods) to run simula-
tions for our patient cohort model, capturing mean incremen-
tal effects from treatment with drotrecogin alfa (activated).

Costs

The additional costs associated with drotrecogin alfa (acti-
vated) in patients with severe sepsis comprise the acquisi-
tion cost of the drug, an additional cost associated with an
increased risk of severe bleeding episodes, those hospital-
ization costs associated with additional survivors of severe
sepsis, and where deemed appropriate, the long-term health-
care costs associated with additional survivors of severe sep-
sis. The 28-day intervention cost comprises the acquisition
cost for drotrecogin alfa (activated), and an allowance per
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patient for the cost for the additional risk of SBEs. We apply
estimates of the mean cost for drotrecogin alfa (activated)
in the PROWESS severe sepsis trial group (£4,775 exclud-
ing UK value-added tax [VAT]), and for PROWESS trial
patients with two or more organ dysfunctions (£4,716 ex-
cluding VAT) (13). Cost data for SBEs have been taken from
the NHS reference costs, produced by the Department of
Health in the United Kingdom (14).

The cost for hospitalization (excluding drotrecogin alfa)
comprises costs associated with days spent in intensive care
and days spent in hospital in a non—intensive-care setting.
We estimated costs using data on resource use (length of
stay) from ICNARC (unpublished data, 2003), multiplied
by ICU unit costs (cost per day) (14), and an estimate of
non-ICU unit costs (cost per day) (13). Length-of-stay data
from ICNARC, by survival status, are from patients with
severe sepsis defined according to PROWESS criteria. We
estimate the mean hospital cost for severe sepsis survivors
to be £15,640 and the mean cost for non-survivors to be
£10,384. For survivors and non-survivors of severe sepsis
and multiple organ failure, we estimate mean hospital costs
of £16,802 and £10,156, respectively. There is considerable
uncertainty around both the cost per day and the number
of days per hospital stay; therefore, we have introduced un-
certainty surrounding hospital cost by applying a standard
deviation of 20 percent to the point estimate and allowing it
to vary in our probabilistic approach to the modeling of cost-
effectiveness.

Where patients survive severe sepsis, they will continue
to use NHS resources over their life time, and an estimate of
these future health care costs has been included in the current
analysis, to reflect an NHS (third party payer) perspective
for the United Kingdom. Estimates are based on UK data on
annual NHS expenditure on hospital and community health
services (15), with hospital episode statistics by age group
(16) and population data by age group, for England and Wales
(39), used to attribute an annual cost per person, by age group.
These estimates are crude and reflect what we regard as a
conservative estimate for patients surviving an episode of
severe sepsis, as the sparse literature on longer term survival
after sepsis and quality of life associated with critically ill
patients suggests that these patients are generally in worse
health over time compared to the general population (1). The
use of longer term health care costs in cost-effectiveness
analysis is controversial, and there is no agreement among
health economists on their inclusion in economic evaluations
(23). Coughlin and Angus (12), in their review of methods for
the economic evaluation of new therapies for critical illness,
argue in favor of including longer term health care costs
(including those unrelated to the therapy being evaluated)
for additional survivors.

Discount rates of 6 percent and 1.5 percent have been
applied to future costs and benefits, respectively. These rates
are used by convention in economic evaluations in the United
Kingdom and are in line with the (then) guidance from NICE.

Cost-effectiveness of drotrecogin alfa (activated)

Other discount rates have been applied in sensitivity analyses
(0 percent and 3.5 percent).

Cost-Effectiveness Analysis

Presentation of Results. Cost-effectiveness find-
ings are presented for two patient groups: (i) UK patients
with severe sepsis matching the PROWESS inclusion criteria,
for simplicity referred to here as severe sepsis patients; and
(i1) UK patients with severe sepsis matching the PROWESS
inclusion criteria, who also have multiple organ dysfunction.
We report findings on the mean incremental gain in life years
(QALYs), and mean incremental cost per treated patient,
based on a cohort analysis of 1,000 patients (trial) and a sim-
ulation of 1,000 trials. Probabilistic analysis is undertaken
to incorporate uncertainty in the model input parameters,
applying a distribution around mean input parameter val-
ues. This approach has been discussed in detail elsewhere
(10) and is applied here to offer a measure of uncertainty
around cost-effectiveness estimates. We estimate the incre-
mental cost per life year gained and incremental cost per
QALY. Using the mean incremental benefits and cost per
trial, we estimate the net benefit associated with treatment
and plot a cost-effectiveness acceptability curve (CEAC),
showing the probability of a positive net benefit based on
a range of threshold values for the willingness to pay per
QALY. The net benefit statistic is an alternative decision rule
for cost-effectiveness analysis; where if the net monetary
benefit (in this instance) is greater than zero, the intervention
is regarded as a cost-effective use of resources (i.e., you are
getting value for money, by paying less than you would be
willing to pay). We have undertaken sensitivity analysis to
address methodological and structural uncertainty, parameter
uncertainty, and heterogeneity in patient groups.

RESULTS

Base-Case Analyses

Cost-effectiveness results, applying base case assumptions,
are presented in Table 2. For drotrecogin alfa (activated) plus
conventional care versus conventional care alone, the cost
per life year and cost per QALY for patients with severe sep-
sis are £5,495 and £9,161, respectively. For patients with
severe sepsis and multiple organ dysfunction, the cost per life
year and cost per QALY are £4,931 and £8,228. Figure 2,
the cost-effectiveness plane, presents data on the model sim-
ulations for mean incremental cost and incremental affects.
As cost-effectiveness ratios are not suited for the estima-
tion of confidence intervals, we use the net monetary benefit
approach to characterize the uncertainty surrounding the re-
sults of the cost-effectiveness analysis. Where the NHS is
prepared to pay £20,000 per additional QALY, drotrecogin
alfa (activated) is shown to be cost-effective in 98.7 percent
of trials in patients with severe sepsis and multiple organ
dysfunction, and 96.8 percent of trials in patients with severe
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Table 2. Cost-Effectiveness of Drotrecogin Alfa (Activated) plus Conventional Care versus Conventional Care Alone, Applying

Base Case Assumptions

Incremental cost Incremental life years Incremental QALYS Cost per Cost per
Patient group (mean, [SD]) (mean, [SD]) (mean, [SD]) LYG QALY
Patients with severe sepsis £6,288 (£593) 1.144 (0.343) 0.686 (0.208) £5,495 £9,161
Patients with severe sepsis and £6,6601 (£772) 1.351 (0.43) 0.810 (0.258) £4,931 £8,228
2 or more organ dysfunctions
LYG, life-year gained; QALYS, quality-adjusted life years.
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Figure 2. Cost-effectiveness plane showing incremental costs and quality-adjusted life years (QALYSs) for the cohort simulations

of patients with severe sepsis and multiple organ dysfunction.

sepsis. Figure 3 presents the CEAC, which plots the find-
ings for net monetary benefit, for a range of values on the
willingness to pay per QALY.

Sensitivity Analysis

Findings from sensitivity analyses are reported in Table 3.
Sensitivity analysis has been undertaken to consider the ef-
fect of uncertainty on the estimated cost-effectiveness of
drotrecogin alfa (activated) across the two patient groups
(i.e., severe sepsis, severe sepsis plus multiple organ
failure).

Methodological and Structural Uncertainty. We
report sensitivity analysis on the use of a different method
for the adjustment of life expectancy for survivors of se-
vere sepsis. Where life expectancy is adjusted using the pa-
rameter of 0.51, commonly cited from the study by Quartin
et al. (36) (i.e., patients are attributed 51 percent of the life
expectancy of age—gender-matched population norms), the

cost per life year and cost per QALY increase over the
base case findings, that is, cost per QALY increases from
£8,228 to £10,439 in the patient group with severe sepsis
and multiple organ failure. (In this sensitivity analysis, we
also make an adjustment to the longer term patient costs cal-
culated and used in the base case analysis, using a factor
0.51. We accept that this factor will underestimate the true
long-term costs for the period of life expectancy in question,
but we believe it is sufficiently accurate to help guide the
present analysis). In sensitivity analyses to consider different
methods for the estimation of longer term NHS costs, for
additional survivors of severe sepsis, cost-effectiveness re-
sults are robust to the change in assumptions on longer term
costs.

Where several changes are made to the assumptions in
the model simultaneously, with base case assumptions al-
tered to reflect (i) a follow-up NHS cost of £20,000 per
survivor in the first year after the severe sepsis episode,
(ii) life expectancy adjusted to 0.51 of the population norm
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Figure 3. Cost-effectiveness acceptability curve for drotrecogin alfa (activated) in patients with severe sepsis alone and severe
sepsis with multiple organ dysfunction (MOD). QALY, quality-adjusted life year.

(as in Quartin et al. [36]), and (iii) baseline risk of death
altered to reflect the 28-day mortality rate in the PROWESS
placebo group (i.e., 31.3 percent and 33.9 percent, for the two
patient groups), the cost per QALY increases to £14,645 in
patients with severe sepsis and multiple organ dysfunction
(and £15,992 for patients with severe sepsis). In this multi-
way sensitivity analysis, the net monetary benefit statistic
indicates that, where the NHS is prepared to pay £20,000
per QALY, the intervention is cost-effective in 83.1 percent
of trials (patients with severe sepsis and multiple organ
dysfunction), and where the threshold is £30,000 per
QALY, the intervention is cost-effective in 95.8 percent of
trials.

Parameter Uncertainty: Applying a QALY weight
of 0.69 per life year gained (base case is 0.60) results in a
slightly lower cost per QALY. An increase in the expected
rate of SBEs, using a probability of 15 percent (base case is
1.5 percent) increased the cost-effectiveness ratios slightly.
An increase in the acquisition cost of drotrecogin alfa (acti-
vated) to reflect a price including VAT results in an increase
in the cost-effectiveness estimates, for example, to £9,303
per QALY for patients with severe sepsis and multiple organ
dysfunction. Where we assume a less-favorable effectiveness
profile for drotrecogin alfa (activated), using a relative risk of
0.85, or 0.90, the cost per life year/QALY increases substan-
tially, for example, from a base case of £8,288 to £11,142
and £15,637, respectively, per QALY in patients with severe
sepsis and multiple organ failure.

DISCUSSION

Findings in this analysis indicate that drotrecogin alfa (acti-
vated) is a cost-effective use of resources in the UK NHS.
The cost-effectiveness estimates presented are much lower
than those in studies published for the United States (3;21)
and Canada (30), but are reflective of studies published on
the cost-effectiveness of drotrecogin alfa (activated) in a
European setting (33;38), [plus other published European
abstracts (13;28;29)]. Frampton and Foster (22) have re-
ported a comprehensive review of the cost-effectiveness liter-
ature, highlighting methodological differences between stud-
ies published in a North American and European context, that
contributes to the observed differences between the cost-
effectiveness estimates presented (e.g., licensed indication,
perspective, cost inputs). Most of the European studies have
been supported by the manufacturer and use similar methods
(e.g., applying absolute risk data from PROWESS, excluding
long-term costs). Importantly, this UK study is based on an
independent assessment commissioned to inform the NICE
technology appraisal process and is free from any manufac-
turer involvement. The analyses reported here have applied
relative risk data to a patient group thought to reflect the UK
treatment-eligible patient group, applying UK-specific cost
estimates, and allowing for longer term NHS costs. There are
limitations with the cost-effectiveness model due to a scarcity
of published data on costs, life expectancy, and health state
values for severe sepsis patients, and the absence of long-
term follow-up data on morbidity and mortality in severe
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Table 3. Sensitivity Analyses

Severe sepsis and MOD Severe sepsis
Variable used in analyses Cost per QALY Cost per LYG Cost per QALY Cost per LYG
Baseline analysis £8,228 £4,931 £9,161 £5,495
Discount rate for costs and benefits at 3.5% £10,797 £6,475 £11,646 £6,985
Long-term costs
(a) Where costs per patient per year are £8,962 £5,373 £9,964 £5972
higher in year 1 (£10,000)
(b) Where costs per patient per year are £9,691 £5,823 £10,735 £6,441
higher in year 1 (£20,000)
Excluding long-term costs £6,691 £4,020 £7,525 £4,515
Life expectancy method
Where life expectancy adjusted by factor or £10,439 £6,266 £11,655 £6,996
0.51 (long-term costs x 0.51)
QALY weight/utility value, using estimate £7,145 £4,930 £7,867 £5,429
of 0.69 from Drabinski et al. (18)
Cost of drotrecogin alfa
Product cost including VAT £9,303 £5,583 £10,406 £6,251
Effectiveness data
RR of 0.70 £6,778 £4,065 £6,992 £4,195
RR of 0.75 £7,486 £4,494 £8,137 £4,882
RR of 0.85 £11,142 £6,687 £11,957 £7,179
RR 0of 0.90 £15,637 £9,375 £16,774 £10,080
RR of 0.95 £28,368 £17,267 £31,404 £18,804
(assume the same SE as base case)
Probability of SBEs at 15% £8,.812 £5,287 £9,765 £5,850
Multi-way analysis
Assuming QALY weight at 0.69 and £5,826 £4,020 £6,544 £4,515
exclusion of long-term costs
Assuming longer term costs are £20,000 in £11,648 £6,986 £12,796 £7,670
year 1, base case values thereafter, AND
life expectancy is estimated using the
parameter value of 0.51 from Quartin
et al. (36)
Assuming longer term costs are £20,000 in £14,645 £8,801 £15,992 £9,607

year 1, base case values thereafter, AND
life expectancy is estimated using the
parameter value of 0.51 from Quartin

et al. (36). Plus, baseline all-cause
mortality (risk) at 33.9% (MOD) and
31.3% (severe sepsis)

MOD, multiple organ dysfunction; QALY, quality-adjusted life year; LYG, life year gained; VAT, value-added tax; SE, standard error; RR, relative risk;

SBE, serious bleeding event.

sepsis. Given these limitations, we have had to extrapolate
from 28-day mortality data using several assumptions. How-
ever, sensitivity analysis has been undertaken to explore the
impact of these parameter uncertainties and assumptions,
with results robust within sensitivity analysis, only resem-
bling the magnitude of the cost-effectiveness results reported
in the North American studies when multi-way sensitivity
analysis, with higher level (less-favorable) parameter inputs,
has been undertaken.

Although presented as a cost-effective treatment strat-
egy, due to the therapeutic cost of drotrecogin alfa (acti-
vated), it will have an impact on the UK prescribing budget
at a national and an institutional level. At an estimated cost
of £4,905 (excluding VAT) for a full course of treatment (in

a 70-kg patient), we suggest that, in England and Wales, the
overall annual drug acquisition cost for a treatment-eligible
patient population could be as high as £86.9 million, ex-
cluding VAT (£97.1 million including VAT). This estimate is
based on data from ICNARC, who report an estimated preva-
lence of severe sepsis (in the first 24 hours) at 27.1 percent of
ICU admissions, with 83.6 percent of these patients having
multiple organ dysfunction (and an annual estimate of 21,191
patients with severe sepsis, in the first 24 hours of intensive-
care admission, in England and Wales) (34). Obviously, not
all treatment-eligible patients will be prescribed drotrecogin
alfa (activated), for example, due to contraindication where
there is risk of serious bleeding, but given that many pa-
tients will have severe sepsis outside an ICU setting and after
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intensive care, and as we are uncertain how PROWESS in-
clusion and exclusion criteria will translate to an in-practice
setting, this upper cost estimate offers an indication of the
impact of the intervention on the NHS prescribing budget.

In summary, NICE in the United Kingdom recently has
recommended the use of drotrecogin alfa (activated) in adult
patients who have severe sepsis that has resulted in multiple
organ failure (32), with analysis presented in this study form-
ing part of the NICE technology appraisal process. The anal-
ysis presented here has demonstrated that the use of drotreco-
gin alfa (activated) in accordance with the license indication
is a cost-effective treatment in UK clinical practice. Decision-
makers are encouraged to consider the cost-effectiveness pro-
file of drotrecogin alfa (activated) rather than its apparently
high therapeutic cost.
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