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Cost-effectiveness of drotrecogin alfa (activated) in the treatment
of severe sepsis*
Derek C. Angus, MB, ChB, MPH; Walter T. Linde-Zwirble; Gilles Clermont, MD, CM, MSc;
Daniel E. Ball, BS, MBA; Bruce R. Basson, MS; E. Wesley Ely, MD, MPH; Pierre-Francois Laterre, MD;
Jean-Louis Vincent, MD, PhD; Gordon Bernard, MD; Ben van Hout, PhD; for the PROWESS Investigators

Objective: To assess the cost-effectiveness of drotrecogin alfa
(activated) therapy, which was recently shown to reduce mortality
in severe sepsis.
Design: Estimates of effectiveness and resource use were
based on data collected prospectively as part of a multicenter
international trial. Estimates of hospital costs were based on a
subset of the patients treated in the United States (33% of all
enrolled patients). Lifetime projections were modeled from published sources and tested in sensitivity analyses. Analyses were
conducted from the United States societal perspective, limited to
healthcare costs, and using a 3% annual discount rate.
Setting: A total of 164 medical institutions in 11 countries.
Patients: Adults >18 yrs of age with severe sepsis.
Interventions: Eligible patients were randomly assigned to
receive a 96-hr intravenous infusion of drotrecogin alfa (activated) at 24 g/kg/hr (n ⴝ 850) or placebo (n ⴝ 840).
Measurements and Main Results: Base Case: incremental shortterm (days 1–28) healthcare costs per day-28 survivor; Panel on
Cost-Effectiveness in Health and Medicine Reference Case: incremental lifetime healthcare costs per quality-adjusted life-year. Over
the first 28 days (short-term Base Case), drotrecogin alfa (activated)
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increased the costs of care by $9,800 and survival by 0.061 lives
saved per treated patient. Thus, drotrecogin alfa (activated) cost
$160,000 per life saved (with 84.7% probability that ratio is
<$250,000 per life saved). Projected to lifetime (lifetime Reference
Case), drotrecogin alfa (activated) increased the costs of care by
$16,000 and quality-adjusted survival by 0.33 quality-adjusted lifeyears per treated patient. Thus, drotrecogin alfa (activated) cost
$48,800 per quality-adjusted life-year (with 82% probability that ratio
is <$100,000 per quality-adjusted life-year). Estimates were generally robust to sensitivity analyses, although cost-effectiveness deteriorated to >$100,000 per quality-adjusted life-year if survivors lived
<4.6 yrs on average. Drotrecogin alfa (activated) cost $27,400 per
quality-adjusted life-year when limited to patients with an Acute
Physiology and Chronic Health Evaluation II score >25 and was
cost-ineffective when limited to patients with a score <25.
Conclusions: Drotrecogin alfa has a cost-effectiveness profile
similar to that of many well-accepted healthcare strategies and
below commonly quoted thresholds. (Crit Care Med 2003; 31:1–11)
KEY WORDS: severe sepsis; intensive care unit; mortality; costs;
cost-effectiveness; health economics; drotrecogin alfa (activated), protein C; recombinant human activated protein C

evere sepsis is a syndrome
characterized by systemic inflammation, coagulopathy, and
acute organ dysfunction in response to infection (1). This syndrome
affects 750,000 Americans each year, a

third of whom die (2). Advances in our
understanding of the pathophysiology of
sepsis have led to several potential therapeutic agents, targeted mostly at the inflammatory cascade. However, these
agents failed to improve patient out-

comes in clinical trials and current standard of care consists of controlling the
source of sepsis (e.g., draining an abscess
or removing a central venous catheter),
appropriately chosen antibiotics, and various forms of supportive therapies.
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Bernard et al. (3) recently reported
that drotrecogin alfa (activated) (Xigris,
Eli Lilly, Indianapolis, IN) significantly
reduced mortality from severe sepsis
(19.4% adjusted relative risk reduction)
in a large randomized trial (Recombinant
Human Activated Protein C Worldwide
Evaluation in Severe Sepsis [PROWESS]). Drotrecogin alfa (activated) is a
recombinant form of human activated
protein C, an endogenous protein with
antithrombotic, profibrinolytic and antiinflammatory properties (4). Protein C,
its endogenous precursor, is frequently
deficient in sepsis (3, 5– 8). Given the
large observed reduction in mortality, clinicians presumably will be motivated to
prescribe drotrecogin alfa (activated) in
severe sepsis. Balanced against this clinical demand will be a consideration of the
economic consequences of its use. To facilitate decision-making and healthcare
policy, we conducted a cost-effectiveness
analysis of drotrecogin alfa (activated)
concurrently with the PROWESS trial.

MATERIALS AND METHODS
Clinical data collection in the trial was
limited to 28 days after randomization. Our
primary objective was to assess the incremental cost-effectiveness of drotrecogin alfa (activated) over the 28-day study period. This provided a “data-driven,” short-term Base Case,
following the recent recommendations of the
American Thoracic Society (9). We also generated a long-term Reference Case based on
lifetime estimates of costs and effects as per
the guidelines of the U.S. Public Health Service Panel on Cost-Effectiveness in Health and
Medicine (PCEHM) (10). We conducted our
analysis from the U.S. societal perspective
with inclusion of direct and indirect healthcare costs and exclusion of non-healthcare
costs. To minimize potential bias toward drotrecogin alfa (activated) (9, 11), we specified all
final analyses before viewing unblinded data, we
attempted to make assumptions that were either
neutral or biased against drotrecogin alfa (activated), and we filed a copy of our analysis plan
with uninvolved investigators at the University
of Virginia (Charlottesville, VA), McMaster University (Hamilton, Ontario, Canada), and Sheffield University (Sheffield, England).
Patients. PROWESS was a placebo-controlled, multicenter, randomized phase III
trial in which 1,690 patients from 164 hospitals in 11 countries received study drug. Details of the clinical study were reported previously (3). Briefly, study drug was administered
as a 96-hr intravenous infusion at 24 g/kg/hr
to adults (ⱖ18 yrs of age) presenting with
severe sepsis. Severe sepsis was defined as suspected or proven infection, evidence of sys-
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temic inflammation (three or more systemic
inflammatory response syndrome criteria),
and sepsis-induced dysfunction of one or more
organ systems (1). Patients were included if
they met all criteria within a 24-hr window,
and drug infusion began within the subsequent 24 hrs. Because drotrecogin alfa (activated) has anticoagulant properties, patients
at high risk of life-threatening bleeding (e.g.,
patients with severe thrombocytopenia or endstage liver disease) were excluded. Patients
were also excluded if they were pregnant or
breast feeding, weighed ⬎135 kg, were expected to die of a non-sepsis-related disease
within a month, had severe human immunodeficiency virus disease (CD4 count ⱕ50
mm3), were enrolled in another therapeutic
trial, or had limitations on aggressiveness of
care. Data collection included baseline clinical
and demographic characteristics, information
on hospital course, functional status [Katz Activities of Daily Living scale (12)] and destination
at hospital discharge (if before 28 days), and
survival and location at 28 days. The study began
in July 1998 and enrollment stopped in June
2000 after the second interim analysis, based on
a predefined stopping rule for drug effect.
Effects. For the Base Case, we measured
incremental effect as the difference in the primary clinical end point of 28-day all-cause
mortality. For the Reference Case, we estimated incremental effect as the number of
life-years and quality-adjusted life-years
(QALYs) gained, each discounted at a 3% annual rate as per PCEHM guidelines (10).
We calculated the number of life-years by
generating an age- and gender-specific life expectancy for each 28-day survivor from U.S.
Census 1998 life table data (13). We then adjusted that life expectancy using the relative
risk of death for sepsis survivors (0.51) reported by Quartin et al (14). To illustrate,
consider a 62-yr-old male survivor from
PROWESS. The average life expectancy for a
62-yr-old American man is 18 yrs (13). However, multiplying 18 yrs by 0.51 (14), we predict the 62-yr-old sepsis survivor will only live
9.2 more years.
To generate QALYs requires multiplying
each predicted remaining year of life by a
numeric estimate (anchoring dead at 0 and
perfect health at 1) of the quality of those
years. Because there are no long-term qualityadjusted survival data for survivors of severe
sepsis, we assigned to each 28-day survivor the
average quality-adjusted survival of someone
in the general population with the same life
expectancy, rather than someone of the same
age. We derived the general population quality-of-life estimates from the Beaver Dam
Health Outcome Study, a longitudinal cohort
study designed specifically to provide population data on health-related quality of life for
mathematical modeling of QALYs for costeffectiveness assessments (15).
Consider again the 62-yr-old male survivor. We predict he will live 9.2 yrs. The average
age of an American man with a 9-yr life ex-

pectancy is 77 yrs (13). We therefore assign to
our 62-yr-old sepsis survivor the sum of the
average utilities across the 9-yr span from 77
to 85 yrs of age, which is 6.05 QALYs (15). In
the Beaver Dam cohort, average quality-of-life
scores decrease with advancing age. Therefore,
our approach assigns lower quality-of-life
scores to sepsis survivors than those of an
age-matched general population. This is consistent with prior studies suggesting sepsis
survivors have lower quality of life than population norms (16, 17).
Costs. For the Base Case, we measured
incremental costs as the difference in healthcare costs (hospital, physician, study-drug,
and postdischarge costs) between treatment
and placebo during the first 28 days. We estimated hospital costs (including all pharmacy
costs except those for study drug) from the
detailed billing records of 552 of the 705 U.S.
patients (cost cohort). This cohort represented
all patients for whom we could obtain a readable detailed bill before locking and unblinding the dataset.
For each patient, we multiplied charges
incurred during days 1–28 by the departmentand institution-specific cost-to-charge ratios
derived from the 1997 Centers for Medicare
and Medicaid Services Hospital Cost Report
(18). We adjusted these hospital cost estimates
to year 2000 U.S.$ using the Consumer Price
Index and multiplied them by 1.17 to reflect
the addition of physician costs (19, 20). We
estimated study-drug cost by multiplying the
price of a vial of drotrecogin alfa (activated) by
the minimum number of vials required based
on the actual per-patient dosage in PROWESS.
This approach allowed us to account for truncated dosing attributed to factors such as early
death or bleeding. We assumed prices of $210
per 5-mg vial and $840 per 20-mg vial based
on current pricing. To estimate postdischarge
costs up to day 28, we assigned each postdischarge day a daily cost depending on patient
location and summed over all days. Based on
published sources, we assumed daily rates of
$1,170 for subsequent acute hospital care
[$1,000 per day (18) plus 17% for physician
costs (19, 20)], $270 for care in a nursing
home (21), and $200 for formal or informal
supportive care at home (21).
For the Reference Case, we measured incremental costs as the difference in lifetime
healthcare costs between treatment and placebo. We estimated lifetime costs as the day
1–28 costs (the Base Case costs) plus post-day
28 lifetime costs for survivors. We estimated
post-day 28 lifetime costs using age-specific
annual healthcare costs from the 1987 National Medical Expenditure Survey projected
to year 2000 by the National Center for Health
Statistics (http://www.meps.ahrq.gov/nmes/
data/nmes95/nms00exb.dat). Because this survey excludes nursing home costs, we added
estimates of age-specific annual nursing home
costs from Spillman and Lubitz (22). As described above for quality of life, we assigned
the age-specific costs based on each person’s
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predicted remaining years of life, rather than
their actual age. Because average costs increase with age, this approach assigns higher
costs to sepsis survivors than those incurred
by an age-matched general population. As for
long-term effects, we applied a 3% annual
discount rate to costs.
Cost-Effectiveness Ratios. The Base Case
cost-effectiveness ratio, CEbase, is the ratio of
the incremental costs per incremental effects
of drotrecogin alfa (activated) over placebo at
28 days. To correct for potential imbalances
between the cost cohort and the overall trial,
we derived an average cost adjusted to the
proportions of survivors and nonsurvivors
and, based on the blinded interim analysis,
proportions of surgical and nonsurgical patients. Thus, the ratio is

discount rate on costs with no discount on effects (10). Finally, instead of applying the relative
risk of death of 0.51 to the projected life expectancy of all day-28 survivors, we applied a worse
penalty (0.39) to all those who survived septic
shock and a slightly better penalty (0.53) to all
those who survived without incurring shock.
These estimates were also generated directly
from the Quartin et al. (14) study, and represent
the increased risk of death in the first year incurred by patients developing septic shock. After
adjusting for the differences in proportions of
these patient types in the Quartin et al. study,
the overall risk is still 0.51. However, using two

Table 1. Baseline characteristics of the overall and cost cohorts of PROWESS
Overall Cohort (n ⫽ 1690)

CE base

冘
4

⫽

p

separate risks allows us to explore the consequences of the fact that survivors who had been
“sicker” might have fewer years of life.
Subgroups. Although potentially limited by
low statistical power, we wished to explore the
cost-effectiveness distributions across several a
priori defined clinically important subgroups.
These included: age (⬎60 and ⱕ60 yrs); location
before hospitalization (home or other); comorbidity [Acute Physiology and Chronic Health
Evaluation (APACHE) II (23) chronic disease
points]; severity of illness (APACHE II quartiles
and presence or absence of shock); endogenous
protein C level; microbiological etiology; and site

treatment
overall, i

⫻C

treatment
cost, i

⫺p

placebo
overall, i

⫻C

placebo
cost, i

i⫽1

treatment
placebo
E overall
⫺ E overall

[1]
where i takes four values (surgical survivors,
surgical nonsurvivors, nonsurgical survivors,
treatment
and nonsurgical nonsurvivors), poverall,
i and
placebo
poverall, i are the proportions from the overall
treatment
placebo
and Ccost,
trial, Ccost,
i
i are the average perpatient costs from the cost cohort for each
treatment
placebo
and Eoverall
are the
value of i, and Eoverall
28-day survival rates from the overall trial. For
the Reference Case cost-effectiveness ratio,
CEreference, we divided the difference in lifetime costs by the difference in life-years or
QALYs between treatment and placebo, correcting for potential imbalances between the
cost cohort and overall trial as described above
for the Base Case.
Sensitivity Analyses. To test the sensitivity
of the cost-effectiveness ratios to assumptions
in our model, we varied our estimates of hospital costs, postdischarge to day 28 costs, drotrecogin alfa (activated) acquisition costs, lifetime costs, lifetime survival, and utilities by
⫾25%. We also ranged physician costs from
half to double the original estimate (8.5% to
34% of hospital costs) and estimated
CEreference without any long-term costs (10).
We ranged all parameters in CEreference by
⫾25%, 50%, and 75% for presentation of sensitivity analysis in a tornado diagram. Because
our estimates of survival and quality-adjusted
survival were crucial for CEreference, we conducted two-way sensitivity analyses in which
we simultaneously varied the adjustment to
life expectancy from 0.08 to 1 (equal to an
average life expectancy of 1 to 25 yrs) and the
average annual utility by ⫾25%. Because our
analysis was conducted from the U.S. societal
perspective, we recalculated CE base and
CEreference restricted to U.S. patients. We also
generated CEreference using 0% and 5% discount rates for costs and effects and using a 3%
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Demographics
Age
Mean (SD)
% ⱕ60 yrs
% ⬎60 yrs
Male, %a
Caucasian, %a
Weight (kg), mean (SD)
Prior locationa
Home
Skilled nursing facility
Another acute care hospital
Other
Functional dependencies, mean (SD)a
Comorbid conditions, %
Hypertensiona
COPDa
Diabetes
Malignancy
Prior myocardial infarctiona
Congestive cardiomyopathya
Reason for ICU admission, %a,b
Medical
Surgical
Disease severity
APACHE IIa
Organ system failure, mean (SD)a
% in shock at enrollment
Median protein C activity, % of normal
Infection type, %a
Gram-positive organism only
Gram-negative organism only
Mixed organisms
Culture negative or not obtained
Unconfirmed
Infection site, %a
Lung
Intra-abdominal
Urinary tract
Other

Cost Cohort (n ⫽ 552)

Placebo
(n ⫽ 840)

Treatment
(n ⫽ 850)

Placebo
(n ⫽ 276)

Treatment
(n ⫽ 276)

60.6 (16.5)
43.6
56.4
58.0
82.0
75.0 (18.5)

60.5 (17.2)
44.1
55.9
56.1
81.8
74.8 (17.9)

61.0 (16.4)
44.6
55.4
55.8
77.2
76.0 (20.6)

60.2 (17.3)
46.4
53.6
50.4
74.6
74.5 (19.7)

78.9
8.5
9.3
3.3
1.20 (2.12)

81.1
5.6
9.3
4.0
1.06 (2.02)

74.6
15.2
6.2
4.0
1.44 (2.32)

82.6
9.1
5.4
2.9
1.19 (2.15)

35.0
26.1
22.4
18.8
14.4
9.0

38.2
22.2
20.7
17.1
12.1
6.4

44.9
30.1
25.0
21.0
16.3
11.6

47.8
29.4
23.6
15.6
14.9
9.8

72.6
27.4

73.5
26.5

79.7
20.3

83.3
16.7

25.0 (7.8)
2.40 (1.10)
71.7
50

24.6 (7.6)
2.39 (1.12)
70.4
47

25.8 (7.7)
2.29 (1.02)
75.4
50

25.1 (7.8)
2.12 (0.98)
67.8
48

25.1
23.3
13.9
32.3
5.4

25.8
21.8
15.6
33.5
3.3

26.8
22.8
15.9
27.2
7.3

30.1
15.9
16.3
32.6
5.1

53.6
19.9
10.2
16.3

53.6
20.0
10.0
16.4

54.0
13.8
13.4
18.8

63.0
12.3
12.7
12.0

Treatment, drotrecogin alfa (activated); SD, standard deviation; Functional dependencies measured
by Activities of Daily Living Scale (12); Comorbid conditions and Reason for admission classified as per
Acute Physiology Age and Chronic Health Evaluation (APACHE) II score (23); COPD, chronic
obstructive pulmonary disease; ICU, intensive care unit; Organ system failure and shock classified per
Bernard et al (3).
a
Significant difference (p ⬍ .05) between cost cohort (combined treatment arms) and remaining
patients (n ⫽ 1138); bimbalances in the distribution of medical and surgical patients are corrected in
the cost-effectiveness estimates because of the equation weight for surgical status.
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of infection. Subjects were categorized as having
septic shock if they met the criteria for cardiovascular dysfunction at any time within 6 hrs of
study-drug infusion (3).
Statistical Analyses. We used the Wilcoxon’s rank-sum test for comparisons of continuous data and the chi-square test for comparisons of categorical data as appropriate. To
estimate the distributions around CEbase and
CEreference for the entire cohort and for each
subgroup, we generated sets of 1,000 simulated cohorts using bootstrapping with replacement (24, 25). We described these distributions using 95% confidence ellipses
applying Fieller’s method (26) on the bootstraps, and the estimated probability that the
CE ratios fell below illustrative thresholds. We
conducted statistical analyses and simulations
in Datadesk (Data Description, Ithaca, NY) and
SAS (SAS Institute, Cary, NC).

RESULTS
Baseline Characteristics. Baseline
characteristics for the overall cohort and
the cost cohort are provided in Table 1.
The cost cohort differed from the remaining patients in several characteristics.

Notably, a greater proportion of the cost
cohort was admitted to the intensive care
unit (ICU) for medical, rather than surgical, reasons, had more underlying disease, and were more frequently admitted
from skilled nursing facilities. The distribution of baseline characteristics between treatment arms was similar for the
overall and cost cohorts.
Patient Outcomes, Hospital Course,
and Costs. At the primary clinical end
point of 28 days, the observed mortality
rates were 30.8% for placebo and 24.7% for
drotrecogin alfa (activated) (p ⫽ .005). Although there were more survivors in the
treatment arm, there were no significant
differences in per-patient costs or resource
use (excluding cost of study drug) over the
first 28 days (Table 2). Surgical patients had
significantly higher total ($43,695 vs.
$30,228, p ⬍ .001) and mean daily ($2,606
vs. $2,234, p ⬍ .001) costs than medical
patients. The average infusion time for drotrecogin alfa (activated) was 86 hrs and the
average estimated drug acquisition cost

was $6,595 ($7,055 for survivors and
$5,193 for nonsurvivors).
Among survivors (n ⫽ 1221), there
were no differences between treatment
arms in location (p ⫽ .88) or functional
status (Activities Of Daily Living score:
2.50 vs. 2.44, p ⫽ .59 for treatment vs.
placebo) at day 28 (Fig. 1). Only 15% of
surviving patients were still in the ICU at
day 28 and 43.6% had been discharged to
home. In the 15% of patients still in the
ICU, there was no significant difference
in day-28 organ dysfunction (Sequential
Organ Failure Assessment score: 4.07 vs.
4.44, p ⫽ .18 for treatment vs. placebo) or
intensity of care [Simplified Therapeutic
Intervention Scoring System (TISS-28)
(27) points: 27.2 vs. 27.1, p ⫽ .94 for
treatment vs. placebo]. Among survivors
still hospitalized on day 28 and in the cost
cohort (n ⫽ 55 and 52 in the treatment
and placebo arms), there were no significant differences in post-day 28 hospital
resource streams between treatment
arms (ICU length of stay: 7.1 vs. 5.9 days,

Table 2. Per-patient costs, resource use, and lifetime projections
All
Variable
Days 1–28
ICU
LOS, days
TISS-28 (27), points
Total
Mean daily
Cost, US$a
Post-ICU
LOS, days
Cost, US$a
Overall hospital
LOS, days
Cost, US$a
Cost, US$ (with physician
costs)a
Postdischarge to day 28, US$b
Total day 1–28 costsa,c
Total day 1–28 costs with study
drug acquisition costsa
Postday 28d
Survival, yrs
Quality-adjusted survival
Costs, US$
Total costsa,c
Total costs with study drug
acquisition costsa

Survivors

Placebo

Treatment

11.1

11.6

356.6
32.1
26,629

Nonsurvivors

Placebo

Treatment

.51

12.7

12.9

.98

7.7

7.6

.85

365.0
31.6
28,570

.71
.24
.48

391.1
29.5
28,950

392.4
29.3
30,548

.91
.49
.48

279.2
38.1
21,753

281.6
39.0
22,965

.93
.27
.86

6.0
5,437

6.1
4,796

.80
.30

8.2
7,107

7.8
5,706

.12
.03

0.8
1,928

0.7
2,219

.46
.98

17.1
32,066
37,517

17.6
33,366
39,038

.22
.72
—

20.9
36,057
42,187

20.7
36,254
42,417

.82
.98
—

8.5
23,681
27,707

8.3
25,184
29,465

.67
.89
—

1,117
39,034
39,034

1,394
40,677
47,286

1,586
44,336
44,336

1,833
44,608
51,691

.73
.99
⬍.01

66
27,895
27,895

58
29,538
34,803

.92
.86
.21

8.6
5.9
101,428
137,300
137,300

9.2
6.3
109,015
149,700
156,309

12.4
8.6
146,643
189,366
189,366

12.2
8.4
144,786
192,110
199,193

.37
.34
.50
.49
.05

NA
NA
NA
27,895
27,895

NA
NA
NA
29,538
34,803

NA
NA
NA
.86
.21

p

.55
.71
⬍.01
.10
.11
.07
.09
.01

p

Placebo

Treatment

p

Treatment, drotrecogin alfa (activated); ICU, intensive care unit; LOS, length of stay; TISS, Therapeutic Intervention Scoring System; NA, not applicable.
Survivor status was based on survival on study day 28. All figures were calculated from day of enrollment forward (i.e., prestudy hospital costs are excluded).
a
Cost cohort (n ⫽ 552) only. Hospital costs were calculated by multiplying detailed hospital billing data, aggregated at the department level, by the
department-specific cost-to-charge ratio (derived from the Centers for Medicare and Medicaid Services hospital cost report). All costs were projected to year
2000 estimates using the Consumer Price Index; bpostdischarge to day 28 cost estimates were generated by multiplying daily unit costs for each specific
location; cexcluding drug acquisition costs for drotrecogin alfa (activated); dpostday 28 costs were generated by summing annual age-specific healthcare
costs from published Federal sources (see MATERIALS AND METHODS for more detail).
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Figure 1. Location and functional status of survivors at day 28. The upper panel shows the distribution
of survivors by location whereas the lower panel shows the distribution of survivors by functional
status. Functional status was assessed by the Activities of Daily Living scale (12), which assesses
functional dependence in six domains— bathing, dressing, toileting, transferring, feeding, and continence. The score ranges from 6 dependencies (fully dependent) to 0 dependencies (fully independent).
Dark bars are placebo; light bars are treatment. There were no significant differences in either location
(p ⫽ .88) or functional status (p ⫽ .59) by treatment arm. ICU, intensive care unit.

p ⫽ .67; hospital length of stay: 20.1 vs.
16.5 days, p ⫽ .6; and hospital costs:
$30,032 vs. $25,259, p ⫽ .67 for treatment vs. placebo).
The average 28-day survivor was 58.1
yrs old and projected to live an additional
12.3 yrs at an average utility of 0.68,
yielding 8.5 QALYs.
Cost-Effectiveness Estimates. Under
the short-term CEbase, drotrecogin alfa (activated) increased costs by $9,800 ⫾ $2,900
(67.3% of which was attributed to drug
acquisition costs) and survival by 0.061 ⫾
0.022 lives saved per treated patient. Thus,
drotrecogin alfa (activated) cost $160,000
per life saved, with 84.7% and 97.9% probabilities that the ratio was ⬍$250,000 and
⬍$500,000 per life saved (Fig. 2).
Under the lifetime CEreference, drotrecogin alfa (activated) increased costs
by $16,000 ⫾ $4,200 per treated patient,
39% of which ($6,200) was attributed to
long-term (post-day 28 until death) costs.
The incremental life-years gained were
0.48 ⫾ 0.29, and the incremental QALYs
gained were 0.33 ⫾ 0.21 per treated patient. Thus, without adjustment for quality of survival, drotrecogin alfa (activated)
Crit Care Med 2003 Vol. 31, No. 1

cost $33,300 per life-year gained, with
89.1% probability that the ratio was
⬍$100,000 per life-year gained. Adjusting
for quality of survival, drotrecogin alfa
(activated) cost $48,800 per QALY, with
82% probability that the ratio was
⬍$100,000 per QALY (Fig. 2).
Sensitivity Analyses. CE base and
CEreference were generally robust to our
assumptions and estimates of costs and
effects (Table 3). CEreference was most sensitive to changes in effects, and least sensitive to physician and postdischarge
costs within the first 28 days (Fig. 3). In
particular, although CEreference assumed
28-day survivors live 12.3 yrs, the costeffectiveness of drotrecogin alfa (activated) remained ⬍$100,000 per QALY
even if average survival decreased to 4.6
yrs (Fig. 4). Under the assumption that
the average annual utility was 0.51 (a
25% reduction), the cost-effectiveness remained ⬍$100,000 per QALY until the
average years of survival for day-28 survivors decreased to 6.6 yrs (Fig. 4). The
cost per QALY reached $100,000 when
the average annual utility was cut to 0.33
and other factors were held constant. The

cost per QALY did not exceed $100,000
unless costs were several times higher than
estimated (a 2.6-fold increase in study-drug
acquisition costs, a 2.7-fold increase in
long-term costs, a 5.8-fold increase in hospital costs, or a 62-fold increase in postdischarge costs up to day 28). Restricting analysis to U.S. patients, the incremental effect
was larger (0.084 lives saved per treated
patient), leading to better cost-effectiveness
point estimates but with ranges that overlapped the primary estimates (CEbase ⫽
$104,800/life saved, with 93.2% probability
that the ratio was ⬍$250,000/life saved and
CEreference ⫽ $33,800/QALY, with 88.6%
probability that the ratio was ⬍$100,000
per QALY). CEreference increased to $53,600
per QALY at 5% annual discount and decreased to $41,600 per QALY at no discount
and $38,300 per QALY at 3% discount on
costs and 0% on effects. Applying different
risks of death to those who survived with or
without shock, CEreference increased to
$60,500 per QALY.
Subgroup Analyses. In general, the reduced sample sizes of the subgroups produced wide cost-effectiveness ranges with
considerable overlap. Figure 5 shows the
95% confidence ellipses for the age, prior
location, shock, and APACHE II analyses.
All subgroup ellipses overlapped each other
and the overall cohort ellipses (shown in
gray). We found the same pattern of overlapping 95% confidence ellipses in the
other subgroup analyses and, for most subgroups, the majority of the simulations fell
below the $500,000 per life saved and
$100,000 per QALY thresholds (Appendix).
There was, however, some variation. For
example, older patients had a worse
CEreference because they were projected to
live fewer years. Also, drotrecogin alfa (activated) seemed to be more cost-effective
for patients who were more acutely ill, as
evidenced by higher APACHE II scores
($27,400/QALY for upper two APACHE II
quartiles) or presence of shock ($33,700/
QALY). However, drotrecogin alfa (activated) seemed cost-ineffective for those in
the lower two APACHE II quartiles and
those without shock. Other subgroups that
appeared different were generally of small
sample size, limiting the strength of any
inferences.

DISCUSSION
Drotrecogin alfa (activated) therapy for
severe sepsis was shown to save lives (3).
Excluding drug acquisition costs, we found
this therapy did not significantly increase
short-term costs or resource use. Survivors
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Figure 2. Cost-effectiveness of drotrecogin alfa (activated) in severe sepsis. The figure shows the Base Case cost-effectiveness ratio (left panel) and Reference
Case cost-effectiveness ratio (right panel) distributions of the 1,000 simulations with the corresponding 95% confidence ellipses generated by Fieller’s
method (26). Incremental effects are shown on the x-axes and incremental costs are shown on the y-axis. Quadrants to the right of the y-axes represent
regions where treatment with drotrecogin alfa (activated) is associated with a net gain in effects. Quadrants above the x-axes represent regions where
treatment is associated with a net increase in costs. The dashed lines are illustrative thresholds. Regions below and to the right of the thresholds are more
cost-effective than regions above and to the left of the thresholds. The ellipses are the smallest areas containing, with 95% confidence, the average
incremental costs and effects. Both distributions are predominantly in the “more effective, more costly” upper right quadrant, with the majority of
simulations falling below the $500,000 per life saved and, $100,000 per quality-adjusted life-year (41) thresholds. Although the Reference Case
cost-effectiveness ratio ellipse crosses into the upper left quadrant (i.e., more costly and less effective), this area represents only 5.7% of the simulations.
Table 3. Sensitivity analyses
Cost-Effectiveness Ratio Range
Base Case ($160,000/Life Saved)

Parameter
Hospital costs within first 28 days
Physician costs within first 28 days
Postdischarge costs up to 28 days
Study drug costs
Long-term costs
Long-term survival
Average utility (quality of life)

Reference Case ($48,800/QALY)

Range
(% of Original Value)

%Change

Range
($/Life Saved)

%Change

Range
($/QALY)

⫾25
⫺50 to ⫹100
⫾25
⫾25
⫾25
Remove long-term costs
⫾25
⫾25

⫾7.5
⫺2.2 to ⫹4.3
⫾0.7
⫾16.8
NA
NA
NA
NA

147,900–171,700
156,300–166,700
158,700–160,900
132,900–186,700
—
—
—
—

⫾4.6
⫺1.3 to ⫹2.7
⫾0.4
⫾10.3
⫾9.7
⫺38.9
⫺11.4 to ⫹25.8
⫺20.0 to ⫹33.3

46,600–51,000
48,100–50,100
48,600–49,000
43,800–53,800
44,000–53,500
29,800
43,200–61,400
39,000–65,000

QALY, quality-adjusted life-year.

seemed to be similarly ill in both treatment
arms, as evidenced by similar organ function, functional status, and location at 28
days. This suggests the mortality benefit of
drotrecogin alfa (activated) was not associated with any morbidity “penalty” (i.e., the
penalty of avoiding death only to create
worse morbidity). Balancing the shortterm costs and effects, and including drug
acquisition costs, drotrecogin alfa (activated) cost $160,000 per additional life saved
at 28 days. Our PCEHM Reference Case
estimate, based on projected long-term
outcomes, is that drotrecogin alfa (activat6

ed) costs $48,800 per QALY. If limited to
sicker patients, such as those with APACHE
II scores ⱖ25, the cost per QALY further
improved. These cost-effectiveness ratios
are similar to, or better than, those for
many healthcare strategies widely adopted
in the United States (Fig. 6) (28 –36).
Our estimate was generated from a large
clinical trial. The magnitude of clinical effects is usually smaller in clinical practice
(effectiveness) than in a carefully controlled
clinical trial (efficacy) (37). Reasons include
poor patient selection, failure to administer
the therapy properly, and inappropriate

provision of other elements of care. Our
cost-effectiveness estimate is very sensitive to treatment effect and so failure
to address these issues could worsen
the cost-effectiveness ratio. However,
the U.S. Food and Drug Administration
approved the use of this therapy in patients at a high risk of death, such as
those with multiple organ dysfunction
or high APACHE II scores. Our subgroup analyses, although hampered by
a lack of power, suggest that the costeffectiveness would improve considerably if limited to such patients.
Crit Care Med 2003 Vol. 31, No. 1

Figure 3. “Tornado Diagram” of Sensitivity of Reference Case to changes in average projected outcomes and costs. The dark vertical line indicates Reference
Case cost-effectiveness ratio of $48,800 per quality-adjusted life-year (QALY). Our average projected outcomes and costs have been varied from 25% (the
darkest areas on the horizontal bars) to 75% (the light gray areas). Even the most extreme variations of costs cause negligent-to-moderate changes in
cost-effectiveness of drotrecogin alfa (activated) and keep it well inside the $20,000 to $100,000/QALY range. Only a 75% variation in survival or quality
of life lifts the cost-effectiveness of drotrecogin alfa (activated) above $100,000/QALY. 28d, 28 days.

Figure 4. Sensitivity of Reference Case to the average projected survival and quality of life for day-28
survivors. Under the primary analysis, we assume the average duration of survival for day-28 survivors
is 12.3 yrs, yielding a Reference Case cost-effectiveness ratio of $48,800 per quality-adjusted life-year
(QALY) (diamond). If average survival is decreased, Reference Case cost-effectiveness ratio deteriorates
but remains ⬍$100,000 per QALY until projected survival is ⬍4.6 yrs (dark line). The gray lines show
the variation in cost-effectiveness by projected survival under different assumptions regarding average
quality of life (lower gray line ⫽ 25% increase in average annual utility from 0.68 to 0.85 and upper
gray line ⫽ 25% decrease from 0.68 to 0.51).

We conducted this analysis from the
U.S. societal perspective. We have not generated cost-effectiveness ratios from the
perspective of other countries primarily because of the logistic difficulties associated
with concurrent estimation of costs outside
the United States. However, this analysis
provides an important reference point. We
anticipate the major factors that will
change our estimates as they are applied
elsewhere will be differences in mortality
Crit Care Med 2003 Vol. 31, No. 1

reduction arising from the profiles of patients typically treated, use of co-interventions, drug acquisition costs, and years of
life gained by sepsis survivors. Differences
in the costs of other aspects of sepsis care
are likely to have a smaller impact because
there were no significant net differences in
costs or resource use in the trial overall.
Furthermore, in sensitivity analyses, we
found several-fold increases in costs would
be required before the $100,000/QALY

threshold was exceeded—and most other
countries have lower, rather than higher,
healthcare costs. Of course, the extent to
which a particular cost-effectiveness profile
is deemed acceptable will vary by country
and by competing pressures on healthcare
budgets.
Strengths of our study include randomization, blinded assessments, a prospectively defined analysis plan that minimized potential investigator bias, and
estimation of hospital costs directly from
the trial. Because of a lack of follow-up
beyond day 28, we had to make assumptions regarding life expectancy, longterm costs, quality of life, and duration of
treatment effect. Our sensitivity analysis
is encouraging because it suggests our
Reference Case was reasonably robust to
these assumptions. It also showed that we
would require several years of follow-up
to improve our estimates. We projected
survival based on the age and sex of individual survivors and an average “penalty” for surviving sepsis. We would have
preferred to project based on a richer set
of individual characteristics but no such
data exist in the sepsis literature. Indeed,
the study by Quartin et al. (14), although
the richest source of data thus far on
survival after sepsis, focused on patients
hospitalized at Veterans’ Administration
hospitals, and recruited patients in the
1980s. Thus, the representativeness of
both patients and treatment patterns may
be less than ideal. Nevertheless, we did as7
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ur findings suggest that the use
of drotrecogin

alfa (activated) in patients
with severe sepsis is associated with a favorable costeffectiveness profile, especially if restricted to the
Food and Drug Administration approved use.

Figure 5. Subgroup cost-effectiveness analyses. The figure shows the 95% confidence ellipses generated by Fieller’s method (26) for four sets of subgroup analyses (age ⬎60 or ⱕ60 yrs; location before
hospital admission; shock; and Acute Physiology and Chronic Health Evaluation [AP] II quartile). The
graph axes, scales, and threshold lines are duplicates of Figure 2 (see Fig. 2 legend for explanation).
The 95% confidence ellipses for the overall trial are shown in gray for reference. The subgroup ellipses
are larger because of the smaller sample sizes. This is easily seen in the second row where the much
larger ellipse (not at home before admission) represents 20% of the cohort whereas the smaller ellipse
(home before admission) represents 80% of the cohort. In all instances, the subgroup ellipses overlap
each other and the overall trial ellipses. QALY, quality-adjusted life years.

sign different risks of death to survivors
based on different severity of disease in sensitivity analyses, with only small changes in
our cost-effectiveness assessments. Furthermore, our estimate of quality of life was
very similar to that reported in a recent
study of sepsis patients (38).
In measuring costs, we adopted an approach that balanced the difficulties of
comprehensive data collection against
what was practical in a large, multicenter
8

trial. Use of department-specific cost-tocharge ratios to estimate hospital costs
from detailed billing data were shown to
be accurate when compared with more
rigorous cost accounting methodologies
(39). The short-term costs that we estimated from published sources (physician
and postdischarge costs) did not have a
large influence on our results when
tested in sensitivity analyses. Long-term
costs were also based on published data

and are dependent on the accuracy of our
estimates of life expectancy. Ideally, we
would have only included the portion of
long-term costs that was consequent to
the sepsis, but separating these costs is
problematic. We therefore estimated all
down-stream healthcare costs, which
probably biases our estimate against drotrecogin alfa (activated), as shown in the
sensitivity analysis.
Therapies for sepsis currently under
investigation, such as low-dose steroids
or other recombinant coagulation proteins, may augment or diminish the effectiveness, and cost-effectiveness, of drotrecogin alfa (activated). PROWESS had
several important exclusion criteria. The
cost-effectiveness of drotrecogin alfa (activated) for patients meeting exclusion
criteria is unknown and probably quite
variable. Although we observed some
trends in the subgroup analyses, there
was considerable overlap in the confidence ellipses, limiting statistical inference. We would therefore urge caution
against overinterpretation of the subgroup analyses. We would also point out
that the sensitivity analyses were designed to assess the robustness of the
overall estimates to key assumptions.
They were not designed to help physicians select particular patients for treatment. For example, although the costeffectiveness deteriorated if average
survival was ⬍4.6 yrs, that does not mean
we recommend only treating patients
who are expected to live at least 4.6 yrs.
In general, applying the results from
cost-effectiveness analyses can be difficult. For example, although this analysis
suggests that drotrecogin alfa (activated)
Crit Care Med 2003 Vol. 31, No. 1

Figure 6. Comparison with other widely used interventions. The figure shows cost-effectiveness ratios under different scenarios for some widely adopted
interventions in the United States. Vertical dashed lines indicate the reference points of $20,000/quality-adjusted life-year (QALY) and $100,000/QALY. Costs
have been inflated to year 2000 U.S. dollars. The cost-effectiveness of drotrecogin alfa (activated) is comparable to most interventions and seems better than
the cost-effectiveness of implantable defibrillators, lung transplantation, and cardiopulmonary resuscitation. CABG, coronary artery bypass graft; tPA, tissue
plasminogen activator; AMI, acute myocardial infarction; ICD, implantable cardioverter defibrillator.

has a potentially favorable cost-effectiveness ratio from the societal perspective, it
will require additional outlay of costs. Furthermore, these costs will largely be incurred by hospitals and hospital pharmacies. The pharmacy director may find a
favorable societal cost-effectiveness ratio irrelevant when balancing the bottom line.
The result could be the development of
overly restrictive treatment guidelines focused on avoiding unwanted escalations in
hospital costs despite the potential for improved survival and reasonable long-term
cost-effectiveness projections. The simplest
way to address this conflict is to compensate hospitals for additional expenses. The
Medicare, Medicaid SCHIP Benefits Improvement and Protection Act of 2000 (Section 533[b], Public Law 106554) is designed
to address this issue by providing additional
payments to hospitals that provide new
technologies or services that substantially
improve patient outcome. The Centers for
Medicare and Medicaid Services deterCrit Care Med 2003 Vol. 31, No. 1

mined that drotrecogin alfa (activated)
meets the required criteria (40) and, therefore, hospitals will receive additional compensation when using drotrecogin alfa (activated). Hopefully, this program will help
minimize financial disincentives and promote appropriate use.

Our findings suggest that the use of drotrecogin alfa (activated) in patients with
severe sepsis is associated with a favorable cost-effectiveness profile, especially
if restricted to the Food and Drug Administration approved use.
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APPENDIX
We generated 1,000 simulated cohorts
for each subgroup. Each simulation randomly draws actual patients from the appropriate subgroups, sampling with replacement. The output of each simulation
is a point estimate of the cost effectiveness
of drotrecogin alfa (activated) (activated)
for that particular subgroup. The distribution of the 1,000-point estimates reflects
the combined variation associated with the
numerator (differences in costs) and denominator (differences in effects) for that
subgroup. Because the distribution is a ratio of two differences, each of which has its
own distribution, it cannot easily be described by confidence intervals. Hence, we
present the distributions as 95% confidence ellipses (seen in Fig. 4). All subgroup
ellipses overlap each other and the ellipses
of the overall cohort. We present four of the
subgroup analyses in the main article because we believe the graphical representation, and the particular four subgroups
chosen are informative to the reader. We
present the remaining analyses here.
Crit Care Med 2003 Vol. 31, No. 1

An additional measure of the subgroup
distributions is the proportion of simulations falling below a particular threshold
(Appendix Table). This provides a measure
of the strength of evidence that the therapy

is cost effective, at least as reflected by that
threshold. The choice of thresholds is
somewhat arbitrary. We chose $100,000/
QALY because this is the upper limit of the
grade C recommendation for clinical use as

proposed by Lau pacis et al (41). The base
case threshold of $500,000 per life saved
corresponds to the reference case thresholds under the conservative assumption
that each survivor only lives five QALYs.

Appendix Table
Mortality

Subgroup
All patients
Age, yrs
⬍60
⬎60
Prior location
Home
Other
Co-morbid conditions
None
Any
APACHE IIa
Quartiles
3–19
20–24
25–29
30–53
Shock statusb
No shock
Shock
Median protein C activity
⬍40
41–60
61–80
⬎80
Unknown
Infection type
Gram-positive only
Gram-negative only
Mixed organisms
None/not obtained
Unconfirmed
Infection site
Lung
Intra-abdominal
Urinary
Other

Short-Term (28-Day) Base Case

Absolute
Reduction

Incremental
Cost

Probability
Cost
⬍$500,000/
Effectiveness Life Saved

Lifetime Reference Case
Incremental
QALYs per
Treated
Patient

Probability
Cost
⬍$100,000/
Effectiveness
QALY

%Overall
Cohort

Placebo

Treatment

100.0

30.8

24.7

0.061

9,800

159,800

97.9

0.328

16,000

48,800

82.0

43.8
56.2

20.5
38.8

15.7
31.8

0.048
0.070

10,500
8,200

221,700
116,400

82.9
96.7

0.517
0.127

16,600
14,000

32,200
110,500

89.3
44.4

80.0
20.0

29.3
36.7

22.4
34.8

0.069
0.019

7,200
13,100

104,200
676,700

99.0
46.3

0.356
0.108

14,200
14,600

40,000
135,400

86.1
46.2

79.6
20.4

26.5
47.2

23.9
27.8

0.026
0.193

7,900
15,700

307,100
80,900

70.4
100.0

0.053
1.338

9,800
37,800

184,900
28,300

44.2
99.4

25.6
26.0
21.7
26.7

12.1
25.7
35.8
49.0

15.1
22.5
23.5
38.1

⫺0.030
0.032
0.123
0.109

3,800
15,900
9,300
10,700

Dominated
495,800
76,100
98,700

14.6
52.0
98.1
97.8

⫺0.280
⫺0.144
0.847
0.741

⫺500
16,100
24,000
23,000

Dominated
Dominated
28,400
31,100

22.3
20.0
95.0
96.4

29.0
71.0

22.3
34.2

21.0
26.3

0.012
0.080

7,000
10,700

565,200
133,800

47.1
98.6

⫺0.365
0.592

5,000
20,000

Dominated
33,700

10.4
97.0

36.4
27.6
17.6
11.5
6.9

27.6
27.1
18.7
15.6
27.5

41.8
24.7
25.3
26.7
24.6

0.142
⫺0.024
0.066
0.111
⫺0.028

16,600
2,900
9,600
1,900
7,500

117,300
Dominated
144,600
16,700
Dominated

99.9
28.3
86.3
95.8
35.8

0.669
0.101
0.139
0.653
0.016

31,000
1,300
15,400
12,800
6,000

46,200
12,600
110,700
19,700
365,600

89.5
63.2
53.0
83.7
54.8

25.4
22.5
14.8
32.9
4.3

22.8
24.3
21.8
25.6
46.4

32.7
28.6
26.5
32.5
33.3

0.099
0.042
0.047
0.069
⫺0.131

7,500
7,200
8,500
8,600
18,600

76,200
170,200
180,700
126,000
Dominated

99.3
80.4
77.2
96.1
9.0

0.583
0.063
⫺0.120
0.607
⫺1.174

17,900
9,100
11,300
18,000
⫺1,400

30,700
143,400
Dominated
29,600
Dominated

91.0
51.8
35.0
92.7
9.2

53.6
19.9
10.1
16.4

25.0
27.6
21.2
22.3

33.6
30.5
20.9
28.5

0.086
0.029
⫺0.002
0.062

7,700
17,800
13,900
2,400

89,500
616,000
Dominated
38,300

99.2
48.1
34.0
88.1

0.677
⫺0.275
⫺0.767
0.601

17,900
18,000
7,800
10,600

26,400
Dominated
Dominated
17,600

97.6
12.8
6.0
85.8

Incremental
Cost

QALY, quality-adjusted life-year; functional dependencies measured by Katz Activities of Daily Living Scale (12); co-morbid conditions classified per
Acute Physiology and Chronic Health Evaluation (APACHE) II score (23); shock defined per Bernard et al. (3); median protein C activity defined as
percentage of normal; Dominated, point estimate was more costly and less effective.
a
The lifetime reference case cost-effectiveness ratio for patients in the combined upper two quartiles (APACHE II score, ⱖ25) was $27,400/QALY. This
increased to $33,800/QALY when, in sensitivity analysis, we assigned the relative risks of death of 0.39 and 0.53 to 28-day survivors with and without shock.
Drotrecogin alfa (activated) was dominated in the combined lower two APACHE II quartiles (APACHE II score, ⬍25) under both the primary and sensitivity
analyses; bRepeating the shock/nonshock subgroup analyses when ascribing the relative risks of death of 0.39 and 0.53 to survivors with or without shock
(rather than a common risk of death of 0.51 to all survivors), the lifetime reference case increased from $33,700/QALY to $40,300/QALY for shock patients,
whereas it remained dominated for nonshock patients.
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