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Abstract Objective: To monitor
the use of drotrecogin alfa activated
(DrotAA) in Italy and its effects on
patients’ health. Design: Prospec-
tive pharmaco-surveillance program
with a parallel non-randomized con-
trol group. Setting: The Ministry of
Health required all intensive care units
(ICUs) using DrotAA to participate in
the pharmaco-surveillance program.
Our control group was formed of
patients eligible for treatment with
DrotAA but who had not received it.
Patients and participants: The data
we collected included basic demo-
graphic characteristics, indications,
modalities of use, adverse events,
and ICU mortality. We identified
potentially non-collaborating centres
on the basis of data on DrotAA
purchasing by hospitals. Measure-
ments and results: From 2003 to
2006, 668 cases of treatment with
DrotAA were reported. We estimate
that 79.3% of all patients treated in
Italy in this period were recruited.
Off-label use was common. Delayed
start was the main reason for off-label
prescription. Bleeding during infusion
occurred in 73 patients (10.9%). The
ICU mortality was higher in pa-
tients with bleeding (57.5 vs. 44.9%;
p = 0.041). Crude ICU mortality was
lower in patients receiving DrotAA
than in controls (46.4 vs. 54.9%;
p = 0.0004); however, multivariate

analysis, which adjusted for certain
relevant differences, showed that
DrotAA treatment was associated
with higher mortality after scheduled
surgery. Conclusions: These results
question the way in which the drug is
used in everyday clinical practice and
its efficacy in a selected subgroup,
and reinforce the need for a new,
independent, confirmatory trial to
reassess the risk-to-benefit ratio of
DrotAA.

Keywords Intensive care · Drotreco-
gin alfa activated · Drug utilization
review · Severe sepsis · Septic shock
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Introduction
Although progress has been made in the treatment of crit-
ically ill patients, severe sepsis is still burdened with high
morbidity and mortality [1, 2]. On the basis of a single
randomized clinical trial [3], in August 2002 the European
Medicines Agency (EMEA) approved “under exceptional
circumstances” Drotrecogin alfa activated (DrotAA), for
adults with severe sepsis associated with multi-organ dys-
function (MOD) [4]. EMEA approval “under exceptional
circumstances” is given when comprehensive data on the
efficacy and safety of the drug [5] are not available, due
to the rarity of the indication, the state of scientific know-
ledge, or the principles of medical ethics. In these cases,
strict monitoring with annual reassessment of safety and
efficacy is required. In 2003 the Italian Ministry of Health
approved DrotAA use, requiring all users to participate
in a pharmaco-surveillance program to evaluate the safety
and efficacy of the drug, and the degree of its utilization.
Since severe sepsis and septic shock are almost exclusively
treated in intensive care units (ICUs), the Italian Medicine
Agency of the Ministry of Health (AIFA – “Agenzia Ital-
iana del Farmaco”), which has funded the study, entrusted
it to the GiViTI (Italian Group for the Evaluation of In-
terventions in Intensive Care Medicine), a nationwide net-
work gathering more than half of the Italian ICUs.

Here we present data about patients treated with Dro-
tAA from June 2003 through March 2006. We also com-
pare this treated (exposed) group with a non-treated (unex-
posed) group of patients with severe sepsis who matched
the criteria for treatment with DrotAA.

Methods
Treatment group

All patients who received DrotAA were eligible for treat-
ment with the drug. The case report form (CRF) included
basic demographic characteristics, date of ICU admission
and discharge, date of the start of treatment, and ICU mor-
tality. Variables needed to compute the severity of infection
(sepsis, severe sepsis, and septic shock) [6], the Simplified
Acute Physiology Score II (SAPS II) [7], and the Sequen-
tial Organ Failure Assessment (SOFA) score [8] were col-
lected at the time of the start of treatment, along with data
on the source and characteristics of infections. The SOFA
score variables were also collected after drug infusion was
finished. Adverse events causing interruption or discontin-
uation of drug administration were also reported.

Collected data were entered either in an online CRF
or in an ad hoc DrotAA form in the Margherita database.
This database is maintained by a GiViTI nationwide
project for continuous quality-of-care assessment [9],
currently witnessing the participation of 180 Italian ICUs.
It was designed for easy expansion of the core data
collection to fulfil the requirements of specific research

projects. Core data included demographics, admission
diagnoses, comorbidities, reasons for admission, surgical
status, SAPS-II variables, failures and diseases occurring
and major procedures/interventions performed during the
stay in the ICU, as well as ICU and hospital outcome.
Both the CRFs performed several plausibility checks
during data entry. Data were further reviewed by the
coordinating centre, which contacted individual ICUs
to solve problems whenever they occurred (see online
supplement). A detailed operating manual specified all the
definitions employed.

Since the original CRF provided only a rough estimate
of appropriateness of prescription and adverse effects, in
June 2005 it was replaced by a modified version detailing
timing of administration, number and nature of organ
dysfunctions, timing of surgery, and severity of adverse
events. It is noteworthy that both in the original and
the modified form only infusion-period adverse effects,
including bleeding events, were reported. To facilitate the
completion of the form, the modified CRF was simplified
by suppressing the SAPS II and final SOFA fields.

Adherence to the surveillance program

Physicians were required to report every treatment with
DrotAA. We used data supplied by the Ministry of Health
on drug purchases by single hospitals to estimate the
total number of treatable patients in each hospital (see
online supplement). In consideration of the high cost
of the drug and the relative rarity of its indications, we
expected a single hospital to stock no more DrotAA than
was required for three complete courses of treatment. All
hospitals with a gap greater than 3 between the number
of treatable patients and the number of cases actually
reported were considered possibly non-compliant and
the AIFA sent their directors a reminder. This policy was
adopted throughout 2004 and 2005. After receiving the
warning, the directors of still possibly non-compliant
hospitals were informed that they would be summoned to
the Ministry of Health for clarification.

Off-label use

We were able to identify off-label (OL) use of DrotAA
with varying degrees of accuracy depending on the version
of the CRF used. Administration was defined as OL in the
following cases: patients aged less than 18 years (available
in both the original and modified CRFs); patients without
sepsis-associated MOD, organ dysfunction being defined
as SOFA score > 0 (available in both CRFs); when more
than 48 h had passed between the onset of the first sepsis-
induced organ dysfunction and the beginning of adminis-
tration for patients treated after January 2005, when this
restriction was introduced in the Summary of Product
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Characteristics (SPC, available in the modified CRF
only); patients with less than 30,000 platelets per cubic
millimeter (available in the modified CRF only). We
verified whether OL use was associated with mortality and
bleeding, the latter being the most important adverse event
ascribed to this drug.

Untreated (control) group

In 2005, 110 Italian ICUs participating in the Margherita
project took part in an infection surveillance program. All
patients were screened for infections on ICU admission
and daily during their stay. Infections were diagnosed by
attending physicians according to Centers for Disease
Control (CDC) definitions [10] or, for fever of unknown
origin, suspected systemic catheter-related infection,
pneumonia, and central nervous system infection (ven-
triculitis), according to the definitions reported in the
online supplement. Infections were also classified as
community acquired, hospital acquired, or ICU acquired.
The severity of infection on admission and the most severe
infection-related conditions during the ICU stay were also
reported, along with the dates of their occurrence. Severity
was defined according to criteria proposed in 1992 [11]
and revised in 2001 [6], as: “infection with or without
SIRS”, “severe sepsis” and “septic shock”.

On the basis of available data we were able to identify,
with good approximation, patients eligible to receive
DrotAA. These were adults with severe sepsis or septic
shock and MOD at admission or acquired during stay
who did not have any contraindication to the drug. Table 1
presents the contraindications listed in the SPC [12] which
we were able to identify in our database. The patients
eligible for treatment with DrotAA who did not receive it
formed the control (unexposed) group. Patients of possibly
non-compliant centres were always excluded to avoid
misclassification of drug administration (Fig. 1).

Table 1 The contraindications listed in the Summary of Product Characteristics (SPC)

SPC contraindications Operative definitions in the Margherita database

Active internal bleeding Intracranial bleeding, ruptured aneurysm, hemothorax,
retroperitoneal haematoma, hemoperitoneum,
gastrointestinal bleeding, trauma with vascular lesions

Patients with intracranial pathology; neoplasm or evidence Intracranial aneurysm, cerebral oedema, stroke, intracranial neoplasm
of cerebral herniation
Concurrent heparin therapy ≥ 15 IU/kg h−1 Not defined
Known bleeding diathesis except for acute coagulopathy Chronic coagulopathy, anticoagulant therapy excluding
related to sepsis subcutaneous heparin, leukaemia, lymphoma,

myeloma, disorders of coagulation and haemostasis
Severe chronic hepatic disease Cirrhosis with portal hypertension
Platelet count < 30,000 × 106/l, even if the platelet count Disorders of platelets
is increased following transfusions
Patients at increased risk for bleeding Intracerebral arteriovenous malformation, head trauma, neurosurgery

Data presentation and statistical analysis

We used proportion as descriptive statistic for categorical
variables, and mean, standard deviation, median and
interquartile range for continuous variables. We performed
bivariate analyses using the t-test for quantitative variables
and the chi-square test (or Fisher’s exact test, if indicated)
for qualitative variables. To identify prognostic factors
for ICU mortality we developed a multivariate logistic
regression model including all patients eligible for Dro-
tAA treatment from both the unexposed and the exposed
groups (OL patients were hence excluded). We tested the
assumption that the logit is linear in the quantitative vari-
ables by analysing the estimated coefficients of designed
variables representing the quartiles of the original variable
distribution [13]. Whenever suggested by this analysis,
we tested a second-order model or log-transformation
of the variable. If these approaches failed to fit the data,
we divided the variable into classes and used dummy
variables [13]. Independent variables associated with ICU
mortality with a conservative criterion (p < 0.3) were
entered into a step-by-step backward-forward approach
in which different models were selected with a p < 0.05
criterion at the likelihood ratio test. Independent variables
tested included gender, age, surgical status, trauma,
severity of infection, use of DrotAA and all possible
interactions among these categories.

All tests were two-tailed, with 0.05 as level of signif-
icance. We used SAS software to analyse the data (ver-
sion 9.02, SAS, Cary, N.C.).

Results

Study participation

From July 2003 to March 2006, a total of 709 patients
from 134 ICUs who had been treated with DrotAA were
recruited (see online supplement for description). Some
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Fig. 1 Patients from the Margherita database (2005 only)

ICUs bought the drug only several months after July 2003,
so the average number of treated patients per year per unit
was 2.6 (see the online supplement). Since 41 patients
(5.8%) were still in the ICU or under examination at the
time of our analysis, we discarded them and evaluated only
the remaining 668 cases. The data relative to 344 patients
were reported in the original CRF form, whereas the
modified form was used for the remaining 324 patients.
Table 2 illustrates the main features of the sample. The
recruitment rate over time is presented in Fig. 2. Relying
on our data on DrotAA purchasing by Italian hospitals, if
we assumed an average hospital stock of enough DrotAA
for two courses of treatment, it could be estimated that our

case group included 79.3% of all patients treated in Italy
in the period under consideration. The control group was
formed of 1181 patients not treated with DrotAA but pos-
sibly eligible for treatment, recruited through the infection
surveillance program carried out by GiViTI in 2005.
The description of patients who received the drug and po-
tentially eligible patients who did not receive it (unexposed
group) is provided in Table 2. Treated patients were signif-
icantly younger than untreated ones, more frequently sur-
gical, and more frequently with trauma.

Off-label use was quite frequent: 13.6% before and
27.8% after the introduction of the timing restriction by
the EMEA (Table 3).
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Table 2 Characteristics of cases (patients who received DrotAA) and controls (patients eligible for DrotAA who did not receive it)

Treated group Untreated group Significance (p)
(n = 668) (n = 1181)

Gender Number Percentage Number Percentage
Male 296 60.9 748 63.3 0.3513
Female 190 39.1 433 36.7
Missinga 182 0

Age
Number 666 1181 < 0.0001
Mean (SD) 57.9 (16.8) 67. 8 (14.2)
Median 61 71
Q1–Q3 46–71 62–78

Surgical status
Non-surgical 357 53.4 706 59.8 0.0054
Elective surgical 70 10.5 82 6.9
Emergency surgical 241 36.1 393 33.3
Missing 0 0

Trauma
No 628 94.0 1138 96.4 0.0192
Yes 40 6.0 43 3.6
Missing 0 0

Severity of sepsis
Infection without SIRS/sepsis 48 7.2 NA – < 0.0001
Severe sepsis 174 26.0 267 22.6
Septic shock 446 66.8 914 77.4
Missing 0 0

Mortality in ICU
Alive 358 53.6 531 45.0 0.0004
Dead 310 46.4 648 55.0
Missing 0 2

Length of stay
Number 665 1179 < 0.0001
Mean (SD) 25.7 (32.3) 16.9 (19.8)
Median 18 10
Q1–Q3 10–31 4–22

a In the original Web-based case report form gender was not recorded

Fig. 2 Recruitment of patients
over time. The red arrows
indicate the time of year when
the Ministry of Health reminders
were sent out
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Table 3 Reasons for off-label use. CRF case report form

Original CRF Modified CRF
Patients treated before Patients treated before Patients treated after
January 2005 January 2005 January 2005
(n = 344) (n = 61) (n = 263)

Age < 18 years 10; 2.9% 2; 3.3% 1; 0.4%
No or single organ failure 35; 10.2% 3; 4.9% 10; 3.8%
Platelets < 30,000/mm3 Not available 5; 8.2% 11; 4.2%
More than 48 h between starting Not applicable Not applicable 56; 21.3%
treatment and failure onset
Subtotal 45; 13.08% 10; 16.39% –
Total 55; 13.6% 73a; 27.76%

a Some patients had more than one contraindication

We regarded 12 more cases reported with the modified
CRF as possibly OL since the drug was started on the
same day that these patients underwent surgery, whereas
the drug should not be administrated within 12 h after
surgery [12]. Neither ICU mortality (46.1% in OL pa-
tients, 46.5% in the others; p = 0.94), nor bleeding (7.0%
in OL, 11.9% in non-OL; p = 0.12) were associated to the
off-label use of the drug.

Safety evaluation

Data on completion of the 96-h course of treatment
were unavailable in 3 cases. Only 431 of the remaining

Table 4 Treatment discontinuation

Treatment Number Percentage

Completed (96 h) without interruptions 431 64.81
Completed (96 h) with interruptions 77 11.58
Due to surgery 25 32.47
Due to invasive procedures 30 38.96
Due to bleeding 22 28.57
Stopped (< 96 h) 157 23.61
Due to death 74 47.13
Due to bleeding 51 32.48
Due to other 32 20.38
Missing 3

Table 5 Sites of bleeding

Site Number Percentage

Gastrointestinal 17 30.36
Intrathoracic 10 17.86
Skin and soft tissues 7 12.50
Intracranial 6 10.71
Genitourinary 5 8.93
Intra-abdominal 1 1.79
Retroperitoneal 0 0.00
Other 10 17.86
Missing 17

665 patients (64.8%) completed the course without any
interruption. Seventy-seven (11.6%) patients completed
the course with at least one interruption, and in 157 cases
(23.6%) infusion was stopped altogether before the
96-h course was over. Causes for interruption are re-
ported in Table 4. Bleeding events during the infusion
period occurred in 73 patients (10.9%; sites reported
in Table 5). The ICU mortality was higher in patients
with bleeding than in patients without bleeding (57.5 vs.
44.9%; OR = 1.66, 95% CI = 1.02–2.72; p = 0.041). This
relationship was not statistically different in medical and
surgical patients (OR = 1.55 and 1.81, respectively; p of
the Breslow–Day test for homogeneity of the ORs = 0.76).

Twenty-nine bleeding events (8.9%) were reported
with the modified CRF (324 patients), which called
for a detailed evaluation of the severity of bleeding; of
these, 15 (4.6%) were classified as severe according to
commonly shared definitions (i.e. they resulted in death,
were life-threatening, required prolonged hospitalization,
caused persistent or significant disability or incapacity,
or required more than 2 units of blood transfusion). In
3 cases, haemorrhage due to DrotAA was life-threatening,
and in 2 others it was fatal.

Reporting of bleeding events was not available for the
unexposed group.

Outcome

Crude ICU mortality was significantly lower in patients
receiving DrotAA than in unexposed ones (Table 2);
however, there were important differences between treated
and untreated patients. Table 6 presents the result of our
multivariate logistic regression model, which gives ORs
adjusted for possible confounders. Only the 540 in-label
cases and all the 1181 unexposed patients were included in
this model. Patients treated according to the label did not
differ in any respect from treated patients as a whole (data
not shown). Age and the occurrence of septic shock were
independently associated with ICU mortality. Conversely,
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Table 6 Results of the multivariate logistic regression model on ICU mortality (see the online supplement for a comprehensive interpreta-
tion of this table). ICU intensive care unit, DrotAA drotrecogin alfa activated, OR odds ratio

Variables Estimate Standard error Significance (p)

Age (continuous variable) 0.03 0.004 < 0.0001
Septic status (septic shock vs. severe sepsis) 0.86 0.12 < 0.0001
Interactions
Surgical status

Scheduled surgery vs. non-surgical −0.22 0.24 0.013
Unscheduled surgery vs. non-surgical −0.38 0.13

DrotAA (yes vs. no)a −0.12 0.15 0.434
DrotAA surgical statusa

Scheduled surgery vs. non-surgical 1.14 0.41 0.011
Unscheduled surgery vs. non-surgical −0.13 0.24

Odds ratios for DrotAA use (yes vs. no) considering interactions OR 95% CI
In scheduled surgical patients 2.79 1.31–5.97
In unscheduled surgical patients 0.78 0.54–1.13
In non-surgical patients 0.89 0.66–1.19

Likelihood ratio test on the whole model: chi-square 157.9, degree of freedom 7, p < 0.0001.
Area under the ROC curve: 0.68; concordant pairs 68%; discordant pairs 32%; Somers’ D 0.36
a DrotAA per se was included in the model since its interaction with surgical status was statistically significant

DrotAA administration and surgical status (i.e. surgery
within 7 days before or 24 h after admission) significantly
interacted in influencing the outcome. This means that
the association between DrotAA and mortality differed
according to surgical status, making it difficult to compute
the ORs for DrotAA use [13]. For this reason, Table 6 also
provides the ORs for DrotAA, along with the 95% CI for
each level of surgical status.

Discussion

DrotAA is the first anti-inflammatory drug that has been
proven to be effective in the treatment of severe septic
patients [3]; however, it has also determined an increase
in serious bleeding events [3] and, more importantly,
subgroup analyses of the PROWESS trial have suggested
that its efficacy differed in patients with high or low risk
of death [14]. Correspondingly, ADDRESS, a placebo-
controlled randomized trial which evaluated DrotAA
in severe septic patients with low risk of death, was
interrupted for futility when only 2640 patients of the
planned 11,444 had been enrolled [15]. A heated debate
on the risk-to-benefit ratio of the drug arose [16] and is
still ongoing [17]. Independent data on the efficacy and
safety of DrotAA have been demanded [16, 17, 18].

As prescribed in cases of EMEA approval “under
exceptional circumstances”, AIFA (the Italian Medicine
Agency) organized a mandatory pharmaco-surveillance
program to monitor the use of DrotAA and its conse-
quences on patients’ health in Italy. Adherence to the
project was assessed with the assistance of the Ministry
of Health. Two features of the recruitment rate over
time (Fig. 2) are noteworthy, namely, the increasing use
of the drug, and the effectiveness of the personalized

reminder letter of the Ministry of Health in promoting
participation in the study. This allowed the recruitment
into the surveillance program of a very high percentage
of the treated cases (between 70 and 100%), an important
achievement. Thanks to such an extensive coverage,
the study’s description of the clinical use of DrotAA is
representative and informative. Furthermore, it provides
a comparatively unbiased estimate of the occurrence
of adverse events, a result which would not have been
achievable with spontaneously provided data [19]. The
good result obtained indicates that strict monitoring and
promotion of participation is feasible and should be
enacted whenever possible.

The high percentage of off-label prescriptions (13.6
and 27.8%, respectively, before and after the introduction
of the timing restriction mentioned above) is another
important finding. It is noteworthy that the number of
platelets was not recorded for the 344 patients recruited
with the original CRF, so that OL use in those cases is
relatively underestimated.

The rate of serious bleeding during the infusion period
reported with the modified form was higher compared with
data from the PROWESS and the ENHANCE trials (4.6
vs. 2.4 and 3.6%, respectively), probably because of the
more rigid criterion adopted in these trials to define seri-
ous bleeding in terms of blood transfusion (administration
of more than 2 units of packed red cells vs. administration
of 3 units on two consecutive days).

The rate of fatal or life-threatening events was worri-
some: three life-threatening (0.9, 95% CI 0.3–2.6%) and
2 fatal (0.6%, 95% CI 0.2–2.2%) events were reported
with the modified form. The rate of fatal events was 0.2%
in PROWESS and ENHANCE, whereas life-threatening
bleeding events were not reported [20]. Our finding is
comparable to the 0.7% rate of fatal bleeding events
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reported in a retrospective study which reviewed 274 med-
ical records of patients treated with DrotAA in the United
States [21], and questions that the septic populations
studied by PROWESS and ENHANCE can be regarded as
representative of the population encountered in every-day
clinical practice.

Data from trials, which unavoidably recruit a low
number of patients compared with the population target of
the drug, cannot provide reliable statistics on infrequent
and serious adverse events. We believe that surveillance
programs should be mandatory after the approval of
drugs with this kind of adverse effects, at least until drug
use spreads and thousands of patients are treated, and
data about safety are hence sufficient to confirm that the
benefit-to-risk profile is advantageous.

The ICU mortality rate observed among in-label
patients treated with DrotAA (46.5%) was much higher
indeed than the 28-day mortality reported in PROWESS
(26.5%) and ENHANCE (27.1%) in subgroups with
MOD [3, 14, 20]. Since it is difficult to imagine a different
degree of aggressiveness or quality of treatment in Italy,
it would be tempting to deduce that the populations
differ because Italian intensivists save DrotAA for sicker
patients; however, this hypothesis is contradicted by the
fact that ICU mortality in our untreated group (i.e. patients
potentially eligible to DrotAA who did not receive the
drug) was higher than the 28-day mortality assessed
in the placebo group of PROWESS (54.9 and 34%,
respectively). It can be concluded that the population
selected in PROWESS is not representative of the Italian
ICU population of patients with severe sepsis, who are
at higher risk of death. This lack of representativeness
of a trial’s population compared with available data for
current clinical practice is not new, especially for severe
sepsis [22], and we believe it should act as an alarm bell
for regulatory agencies, particularly when they are going
to approve a drug on the basis of a single sponsored
trial.

The results of our study show that the crude mortality
rate is lower among treated patients; however, treated and
untreated patients were quite different, the latter being
presumably more severe than the former (older, more med-
ical, more emergency surgical within surgical, less trauma,
higher severity of sepsis). Our multivariate analysis, which
adjusts for some relevant features, indicates that ORs for
mortality of medical and unscheduled surgical patients
were lower than 1, though non-significantly. This means
that either there is a reduction of mortality – but subgroups
are too small to provide significant results – or that no

positive effect on mortality can be ascribed to treatment
with DrotAA. Notably, DrotAA treatment was associated
with a significant mortality increase among patients with
MOD who underwent scheduled surgery (OR = 2.79, 95%
CI 1.31–5.97). This finding, which resembles the results
of the ADDRESS trial, which suggested a harmful effect
of therapy in patients with recent surgery and a single
organ failure [15], was of concern, because a subgroup of
patients for whom DrotAA was still considered indicated
had suffered harm from treatment. It is remarkable that
this effect was not observed among unscheduled surgical
patients; thus, we can hypothesize that surgery has not
much to do with risk of death.

These results suggest, first of all, that the target popula-
tion of DrotAA is not clearly defined, and that the current
definition of high risk-of-death patients eligible for ther-
apy is questionable; and secondly, that the treatment with
DrotAA can be harmful for some subsets of patients who
match the currently provided indications. Data from avail-
able RCTs, as well as from our study, leads us to believe
that only a randomized confirmatory trial targeted to pa-
tients with sepsis-induced MOD can clarify the issue of
indications and the risk-to-benefit profile of DrotAA. We
suggest that it not be carried out by researchers who have
a conflict of interest (e.g. employees or consultants of the
manufacturer or those who share any other kind of finan-
cial interest with the manufacturer), and the manufacturer
itself should be excluded from the organization and man-
agement of the trial, and from result analysis. We believe
that if these conditions of independence are fulfilled, it will
be possible to avoid disagreement and conflicting opinions
on such an important aspect of therapy for severe sepsis.
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