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As intensivists involved in both clinical and preclinical trials,
we were struck by the outcomes of three recent investigations
involving critically ill patients. These clinical trials, one exam-
ining human growth hormone in critical illness (1), the second,
a blood substitute in acute hemorrhage (2), and the third, a ni-
tric oxide synthase inhibitor in septic shock (3), showed with a
high degree of significance (e.g., all with probability values (p)

 

�

 

 0.005) that the therapies under investigation were associ-
ated with increased rates of mortality (Table 1). Clinical inves-
tigations in critical illness are difficult undertakings due to pa-
tient heterogeneity, variations in practice standards, and high
rates of organ dysfunction and mortality (4). Nevertheless, the
demonstration that investigational therapy has caused a highly
significant increase in mortality rates appropriately warrants a
retrospective examination aimed at avoiding similar outcomes
in future studies.

Our experience with performing drug trials in large animal
models of septic shock sensitized us to the potential shortcom-
ings of some clinical trial practices. Practices intended to expe-
dite the conduct of clinical trials involving subacute diseases
with low rates of mortality may prove unsafe when applied to
acute, rapidly progressive, and highly lethal diseases (4). To
safeguard patients with rapidly lethal diseases enrolled in clin-
ical trials, we believe that toxicity monitoring in phase III tri-
als should be unblinded and contemporaneous. Likewise, we
believe that phase III studies should examine only drug dosing
regimens that were determined to be safe in prior testing. How-
ever, in two of the cited studies, individuals blinded to treat-
ment assignment attempted to perform toxicity monitoring us-
ing aggregate mortality data (1, 2). In one case, mortality rates
were compared with historical controls (1). In the other study,
a mortality rate predicted from a severity of illness-risk scor-
ing system was used for comparison (2). Furthermore, in all
three studies, phase I and/or phase II testing of the therapies
as they were actually to be administered was not done (1–3).

Notably, none of these trial design practices was prohibited
by current National Institutes of Health or Food and Drug
Administration regulations or guidelines (5). Collectively, 150
more deaths occurred in the treatment arms than the control

arms of these three trials. As many as one-half of these deaths
were in excess of those needed to show that the treatment was
ineffective or harmful at accepted minimal thresholds for sig-
nificance (e.g., p 

 

�

 

 0.05). Equally important, neither the ab-
stracts, published reports, nor accompanying editorials dis-
cussed aspects of study design or conduct that, if followed,
may have prevented this outcome (1–3, 6, 7). Our purpose in
writing this report is to examine factors of trial design and tox-
icity monitoring that appear to have contributed to an exces-
sive number of treatment-related deaths. Further, we will sug-
gest amendments to guidelines for conducting research in
rapidly lethal diseases to help prevent such occurrences in fu-
ture trials.

 

HUMAN GROWTH HORMONE IN CRITICAL ILLNESS

 

A recently published article in the 

 

New England Journal of
Medicine

 

 studied the use of human growth hormone, an inhib-
itor of protein catabolism, in patients with critical illness. Two
multicenter trials were simultaneously conducted—one based
in Finland, and the other multinational, involving several Eu-
ropean countries (1). The primary efficacy variable in these
trials was intensive care unit length of stay. In addition, a num-
ber of secondary efficacy variables, including in-hospital mor-
tality rates, were analyzed. At study completion, the authors
demonstrated with a high degree of significance (e.g., p 

 

�

 

0.001 based on chi-square) that the administration of human
growth hormone was associated with an increased mortality
rate. When testing the null hypothesis that both the treatment
and control groups had the same underlying mortality rate,
Fisher’s exact test (two-sided) yields a value of p 

 

�

 

 0.000004 for
the multinational study, p 

 

�

 

 0.001 for the Finnish study, or
based on the combined data from both studies, p 

 

�

 

 0.00000003.
The authors of the phase III study did not perform pilot

testing of human growth hormone in critically ill patients (1).
Even in the absence of pilot testing, the finding that growth
hormone administration significantly worsened survival rates
should have been reached with much smaller studies and
fewer deaths. This assumption is based on the following
model: We examined a p value that was less significant than
that reported for a harmful effect of human growth hormone
(e.g., p 

 

�

 

 0.05), and calculated the minimum number of pa-
tients needed to achieve this p value. We assumed that this p
value was a threshold for toxicity, and therefore uncorrected.
Further, we assumed a constant mortality rate, both during
the 41 mo of patient accrual and among study sites. To esti-
mate the number of excess patients enrolled, the number of
patients required to reach a level of significance of p 

 

�

 

 0.05
was subtracted from the number of patients entered in the
particular study. Excess deaths were estimated by multiplying
one-half the number of excess patients by the proportional in-
crease in mortality rate that occurred in the treatment com-
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pared with the control arm. To demonstrate a harmful effect
for human growth hormone at the p 

 

�

 

 0.05 level of signifi-
cance, we estimate that the authors could have enrolled 154
fewer patients in the Finnish study, and 228 fewer patients in
the multinational study. This potentially would have pre-
vented a total of 44 deaths (e.g., 29 deaths in the multinational
study and 15 deaths in the Finnish study). Even if we assumed
that mortality rate was not constant, and that all treatment-re-
lated excess deaths occurred at the end of this 41-mo study, a
level of significance of p 

 

�

 

 0.05 for harm could have been
achieved by enrolling 68 fewer patients, which would have
prevented 8 deaths.

A close examination of this study suggests that the methods
used to perform interim analysis and to monitor toxicity con-
tributed to the occurrence of excess deaths (1). The initial plan
to perform an interim analysis after enrolling 150 patients was
not done due to slow accrual. Instead the investigators per-
formed an analysis after enrolling 170 and 190 patients who
could be evaluated in the Finnish and multinational study, re-
spectively (1). The authors defined patients who could be eval-
uated as those who had “received growth hormone or placebo
for three days and had survived for at least two days after dis-
charge” (1). The published report states that “overall mortality
rates and adverse events were continuously monitored” (1).
The details of exactly how this was done were graciously pro-
vided by the first author of the published manuscript. The com-
bined mortality rate of all patients in the study was compared
with historical control subjects from a single participating insti-
tution by a safety officer from the sponsoring company who
was blinded to treatment group assignment. These safety mon-
itoring results were then internally reviewed by the company at
6-mo intervals and discussed with the investigators (J. Takala,
personal communication). A Data Safety and Monitoring Com-
mittee was not used. Because control mortality rates were
lower than predicted, when combined with the high mortality
rates of the treatment arm, the average mortality rate was very
similar to that of the historical cohort. The adverse effect of hu-
man growth hormone on survival rate was not appreciated un-
til the planned fixed number of survivors had been enrolled
and the study was unblinded and fully analyzed.

 

DIASPIRIN CROSS-LINKED HEMOGLOBIN (DCLHb) IN 
THE TREATMENT OF HEMORRHAGIC SHOCK

 

Problems related to pilot testing and monitoring of mortality
rates also may have contributed to excess deaths in a phase III
study involving patients with severe hemorrhagic shock (2). In
this study, the blood substitute diaspirin cross-linked hemo-
globin (DCLHb), a chemically modified human hemoglobin
solution, was administered as adjunctive therapy. This study
was designed to enroll approximately 850 trauma patients at
18 centers with presumed or proven hemorrhage and persis-
tent hypoperfusion at the time of presentation. The primary

end point of this study was 28-d mortality rate. Interim analy-
ses were planned after enrollment of 10%, 25%, 50%, and 75%
of the accrual target, with the results of these analyses being
subjected to prospectively defined stopping rules. This study
was halted after 11 mo following the first interim analysis, at
which time 112 patients had been enrolled, and 98 patients had
received treatment or placebo. Twenty-eight day mortality rate
in the 52 patients receiving DCLHb was 46%, compared with
a mortality rate of 17% in the control arm (p 

 

�

 

 0.003).
Like human growth hormone, DCLHb had undergone ex-

tensive prior examination. DCLHb had been evaluated in pre-
clinical models of hemorrhagic shock (8), had undergone
phase I testing in healthy volunteers (9), and had been admin-
istered to critically ill patients to evaluate its vasopressor ef-
fects (10). However, a pilot study of its use as an adjunctive
therapy in patients with severe hemorrhagic shock, compara-
ble with those enrolled in this phase III study, had not been
done. Further, although a Data Safety and Monitoring com-
mittee was employed, this committee was blinded to treatment
assignment and reviewed only “aggregate safety data” (2). The
overall mortality rate in the patients receiving DCLHb or
placebo (normal saline) was 33%, which did not significantly
differ from the expected mortality rate of 40% (based on a risk
prediction scoring system). Thus, as was the case with the stud-
ies of human growth hormone, the lethal effect of DCLHb
was not detected until the treatment groups were unblinded,
which in this case occurred at the time of the first interim data
analysis. Using an analysis similar to that described above, we
estimate that less than 42 patients could have been enrolled in
this study, and that as many as 9 deaths related to DCLHb
treatment could have been prevented, had a threshold for
demonstrating a harmful therapeutic effect of p 

 

�

 

 0.05 been
used, and continuous unblinded or at least nonaggregated mon-
itoring of toxicity taken place.

Notably, this was the first study implementing a Food and
Drug Administration-approved mechanism (FDA regulation
21 CFR 50) in which investigators could be exempted from ob-
taining informed consent from the patients or their surrogates
when it was not feasible to prospectively do so. Although it is
always imperative to ensure the safety of subjects in clinical in-
vestigation, this issue achieves even greater importance when
patients have not explicitly agreed to participate.

 

L

 

-

 

N

 

G

 

-METHYLARGININE HCl (

 

L

 

-NMA) IN PATIENTS 
WITH SEPTIC SHOCK

 

L

 

-NMA induces vasoconstriction through inhibition of the en-
zyme nitric oxide synthase. A prospective phase III study, in-
volving 126 centers in both Europe and the United States, ran-
domized patients with septic shock to receive either 

 

L

 

-NMA or
placebo in addition to conventional therapy (3). The primary
efficacy variable in this study was 28-d survival, with secondary
end points of 3- and 14-d survival. At an interim analysis of
more than 500 patients, a trend toward a harmful effect for

 

L

 

-NMA was detected. However, by the time the interim analy-
sis was completed and the decision had been made to halt the
study, at least 250 additional patients had been enrolled. At
study termination, a total of 797 patients had entered the trial,
and a highly significant increase in mortality rates was demon-
strated for 

 

L

 

-NMA at all stated end points (p 

 

�

 

 0.005) (3).
In contrast to preliminary evidence demonstrating the safety

of human growth hormone and DCLHb in a variety of set-
tings, preclinical testing of 

 

L

 

-NMA in sepsis models had at
least suggested the potential for serious toxicity (11–15). How-
ever, in a 32-patient open-label dose escalation study and in a
larger phase II trial, 

 

L

 

-NMA infusions for up to 7 d appeared

 

TABLE 1. MORTALITY RATES AND PROBABILITY VALUES FOR
CLINICAL TRIALS IN CRITICAL ILLNESS

 

Therapy
Number of

Patients

Mortality
(

 

%

 

)

p Value ReferenceControl Treatment

HGH* 532 19 42

 

� 

 

0.001 1
DCLHb 112 17 46

 

� 

 

0.003 2

 

L

 

-NMA 797 49 59

 

� 

 

0.005 3

 

Definition of abbreviations

 

: DCLHb 

 

�

 

 diaspirin cross-linked hemoglobin; HGH 

 

�

 

human growth hormone; 

 

L

 

-NMA 

 

� 

 

L

 

-

 

N

 

-methyl-

 

L

 

-arginine.
* Two separate multicenter trials were simultaneously conducted, one in Finland (n 

 

�

 

247) and the other multinational involving several European countries (n 

 

�

 

 285).
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to have an acceptable safety profile in septic shock (16, 17).
Based on the prospective plan of the subsequent phase III
trial, the maximum duration of 

 

L

 

-NMA infusion was doubled
to 14 d in an effort to improve treatment efficacy while the
study was underway (3). This maneuver effectively increased
the total amount of drug delivered in the phase III trial with-
out prior evaluation of this dose in humans.

 

L

 

-NMA half-life is dose related and has been shown to in-
crease during prolonged infusions (e.g., 

 

�

 

 8 h) (18). Thus, ac-
cumulation of 

 

L

 

-NMA, a drug capable of producing myocar-
dial depression and death at high doses in some preclinical
sepsis models, may have accounted for its toxicity in this
study. Testing a new drug regimen in critically ill patients for
the first time in an international 126-center trial, as opposed to
a more limited phase I or II study, is problematic. It is much
more difficult to detect toxicity and rapidly halt enrollment
before substantial patient accrual has occurred.

 

CONCLUSIONS

 

As demonstrated by these three studies (1–3), the number of
treatment-related deaths occurring during the course of a clin-
ical trial may be substantial. In an effort to reduce the number
of such deaths in future studies, several additional guidelines
appear necessary for conducting clinical trials in rapidly lethal
diseases with high underlying mortality rates. All large phase
III trials should be preceded by phase I or phase II studies of
sufficient scope to estimate treatment effects, and to ensure
that the therapy under investigation is not highly toxic. To ac-
complish these goals, pre-phase III studies need to be concur-
rently controlled and should administer the investigational
drug in the same manner and to the same types of patients as
those that will be included in the larger trial. Moreover, for
safety monitoring purposes, comparisons between the treat-
ment group and concurrent control group mortality rates
should be in as close to real time as possible. Data Safety and
Monitoring committees, or their independent surrogates, should
never be limited to aggregate mortality rates and the use of
historical controls. These measures, although followed in
many investigations, are not uniformly required by Institu-
tional Review Boards, nor mandated by the Food and Drug
Administration or National Institutes of Health (5). Finally, if
a trial demonstrates that a therapy is highly significantly asso-
ciated with an increase in mortality rates, medical journals
should require that the factors in the design and conduct of
the clinical trial that led to this result be thoroughly discussed
in the published report. Such a discussion is one of the best
methods to disseminate important information, improve clini-
cal trial design, and prevent future occurrences.
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