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EDITORIALS

Corticosteroids in Septic Shock
Simon Finfer, F.R.C.P., FJ.F.1.C.M.

As the balance of evidence regarding corticoste-
roid treatment for septic shock shifts once again
toward the negative, the study by Sprung et al.
in this issue of the Journal elicits a strong feeling
of déja vu. Will the historical fate of high-dose
corticosteroids, which were largely abandoned
when the benefit observed in early studies could
not be replicated in larger trials,?3 now befall
“physiologic-dose” corticosteroids?

The rationale for therapy with corticosteroids
at a physiologic dose (i.e., 200 to 300 mg of hydro-
cortisone per day) originated in the observations
that patients with septic shock who had a reduced
response to corticotropin (increase in total plas-
ma cortisol, <9 ug per deciliter [248 nmol per
liter]) were more likely to die* and that the pres-
sor response to norepinephrine may be improved
by the administration of hydrocortisone.> Al-
though the validity of these observations appears
to be increasingly doubtful as evidence accumu-
lates that the standard corticotropin stimulation
test is unreliable in critically ill patients,®” the
findings have led to interest in treating such pa-
tients with corticosteroids. Encouraging results in
small trials®® and then in a larger trial®® led to
current recommendations to treat patients with
septic shock with physiologic doses of hydro-
cortisone.'»12 The recommendations are based
on five trials involving a total of 464 patients, of
whom 265 (57.1%) died.** Even though various
treatment regimens were used, all five trials re-
ported fewer deaths in patients who received cor-
ticosteroids. A meta-analysis of these trials sug-
gested that the use of corticosteroids reduced
mortality.’3

In the face of such evidence, why did Sprung
et al. conduct the Corticosteroid Therapy of Sep-
tic Shock (CORTICUS) study? As noted by the au-

thors, the current recommendations are heavily
dependent on one trial conducted by Annane et
al.’® In that trial, patients were divided into “re-
sponders” and “nonresponders” on the basis of
a corticotropin stimulation test; 229 of 299 pa-
tients (76.6%) did not have a response to cortico-
tropin, a percentage that was much larger than
the 40% the investigators expected. After statis-
tical adjustment for baseline covariates, a signifi-
cant reduction in the likelihood of death was
observed in patients with no response to corti-
cotropin who received corticosteroids. In contrast,
crude estimates of in-hospital mortality were
higher in patients who had a response to corti-
cotropin.

Two additional features of this trial bear men-
tioning. First, patients who were assigned to re-
ceive hydrocortisone also received fludrocorti-
sone, although the importance of this factor is
unknown. Second, 24% of the patients received
etomidate, a short-acting intravenous anesthetic
agent that selectively inhibits adrenal corticoste-
roid synthesis. Its use may have contributed to
the unexpectedly high number of patients who
did not have a response to corticotropin, and
whether the trial results apply in health care sys-
tems in which etomidate is rarely used is unclear.
Thus, the borderline result that was achieved only
after statistical adjustment (combined with the
unexpectedly high number of patients who did
not have a response to corticotropin and the high-
er estimated mortality in those who did have a
response to corticotropin) provide ample justifi-
cation for the CORTICUS study.

Patients who were enrolled in the CORTICUS
study had septic shock and remained hypotensive
or required treatment with vasopressors for at
least 1 hour after adequate fluid resuscitation.
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Initially, patients were required to undergo ran-
domization within 24 hours after the onset of
septic shock; this time window was subsequent-
ly increased to 72 hours. Patients received either
200 mg of hydrocortisone per day or placebo for
5 days; they then received a tapered dose of hydro-
cortisone during the next 6 days, after which
time the drug was stopped. The primary end
point was death from any cause at 28 days in
patients who did not have a response to cortico-
tropin. Because of slow recruitment and expiry of
the supply of study drug, the trial was stopped
after only 500 of the planned 800 patients had
been recruited. Before treatment, patients under-
went a corticotropin stimulation test, in which
46.7% did not have a response.

The two study groups were well matched at
baseline. Of 499 patients, 384 (77.0%) started
study treatment within 12 hours after the onset
of septic shock, and all but 6 patients were re-
ceiving inotropic agents or vasopressors at the
time of enrollment; 87% of patients in each study
group received at least 90% of their assigned
study drug. The use of open-label corticosteroids
and other reported concomitant treatments was
similar in the two groups, and 19.2% of the pa-
tients received etomidate before enrollment.

The rate of death in the control group was
lower than expected, and this factor, combined
with early stopping of the study, meant that the
study had a power of less than 35% to detect a
20% reduction in the relative risk of death. With
this caveat, the primary conclusion of the study
was that treatment with corticosteroids had no
effect on the rate of death at 28 days, a finding
that was consistent in the overall population (rela-
tive risk, 1.09; 95% confidence interval [CI], 0.84
to 1.41), in patients who had a response to corti-
cotropin (relative risk, 1.00; 95% CI, 0.68 to 1.49),
and in those who did not have a response to
corticotropin (relative risk, 1.09; 95% CI, 0.77 to
1.52). The lack of treatment effect was also con-
sistent regardless of the duration of septic shock
before recruitment. Also notable is that shock
was reversed more rapidly in patients receiving
hydrocortisone but that this factor did not result
in reduced mortality.

What, then, are the take-home messages for
clinicians, researchers, and policymakers? To
date, the CORTICUS study is the largest trial of
corticosteroids in patients with septic shock but
was still inadequately powered to detect a clini-

cally important treatment effect. The 95% con-
fidence interval for the relative risk of death (0.84
to 1.41) includes the overall point estimate from
the study by Annane (0.89); therefore, the results
of the two studies are not inconsistent. A meta-
analysis that includes data from the CORTICUS
trial is not likely to support the use of cortico-
steroids, and it seems clear that the corticotropin
stimulation test does not identify patients who
would benefit from corticosteroids. Clinicians
who treat their patients with corticosteroids be-
cause they have observed a rapid reduction in the
need for vasopressors should be aware that more
rapid weaning from vasopressors is an unreliable
surrogate outcome since it does not predict im-
proved survival.

To researchers it should be clear that substan-
tial uncertainty over the role of corticosteroids
persists. Reliable treatment recommendations will
be possible only if a much larger trial is conduct-
ed. To avoid generating further uncertainty, the
minimum sample size should substantially ex-
ceed the total number of patients who have been
studied so far. The detection of a 15% reduction
in relative risk from a rate of death of 35% will
require a study of at least 2600 patients. Although
such a number is daunting, the advent of trials
consortia for critical care may make such a study
possible.#

Promulgation of evidence-based guidelines
is an advance welcomed by many clinicians, al-
though treatment recommendations are inevita-
bly constrained by the quality of the available
evidence. Those writing or promoting treatment
guidelines should recognize that firm recommen-
dations based on small trials or meta-analyses
may be misleading because of random error, and
the inclusion of older trials with methodologic
limitations may introduce systematic error.'> Fur-
thermore, the CORTICUS investigators stated that
it was likely that current guidelines inhibited re-
cruitment to their trial; in some situations, ap-
parently authoritative guidelines may make the
conduct of important confirmatory trials more
difficult.

Although the CORTICUS study was unable to
define the role of corticosteroids in septic shock,
the investigators performed a valuable service.
They reminded us that few critical care practices
or treatment recommendations are based on un-
equivocal evidence and that, in some instances,
critical appraisal and an open mind may be more
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appropriate than unquestioning adherence to
guidelines. Perhaps the greatest service we can
do our patients is to conduct the large, high-
quality trials needed to base our clinical practice
on truly robust evidence.

No potential conflict of interest relevant to this article was re-
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Efficacy of Sirolimus in Treating Tuberous Sclerosis

and Lymphangioleiomyomatosis
Elahna Paul, M.D., Ph.D., and Elizabeth Thiele, M.D., Ph.D.

Owing to their immunosuppressive and antipro-
liferative effects, sirolimus (also called rapamycin)
and related drugs are being evaluated as part of
many transplant immunosuppresion regimens, as
well as for a plethora of medical conditions such
as type 1 diabetes, macular degeneration, coro-
nary artery disease, and metastatic or refractory
cancers of the breast, prostate, lung, and liver, to
name but a few.

The effects of sirolimus are mediated by its
inhibition of the curiously named cytoplasmic
protein mammalian target of rapamycin (mTOR),
a ubiquitous serine—threonine kinase that is inti-
mately involved in the regulation of protein syn-
thesis, cell growth, cytoskeletal organization,
and other features of cellular homeostasis. Insu-
lin, growth factors, and amino acids are a few
of the extracellular stimuli that increase mTOR
activity, whereas hypoxia, dehydration, and deple-
tion of ATP or amino acids seem to inhibit its
function (for reviews, see Corradetti and Guan?
and Wang and Proud?).

In this issue of the Journal, Bissler et al. report
on their prospective clinical trial of sirolimus
therapy in patients with the tuberous sclerosis
complex, lymphangioleiomyomatosis, or both.3
The tuberous sclerosis complex is a genetic syn-
drome characterized, in part, by sporadic tumori-
genesis in multiorgan systems. The tuberous
sclerosis complex is caused by inactivating ge-
netic mutations of the TSCI or TSC2 tumor-sup-
pressor genes. Normally, the cytoplasmic TSC1
and TSC2 proteins (also called hamartin and tu-
berin, respectively) interact and inhibit mTOR ac-
tivity. In the absence of a normally functioning
TSC1-TSC2 complex, mTOR activity increases,
and tumors grow in various organ systems in-
cluding the kidney, lung, brain, and skin (for a
review, see Crino et al.#). The recent explosion of
molecular-genetic discoveries and elucidation of
signaling pathways involved in cell growth sug-
gest that a drug that inhibits mTOR might be
therapeutic in patients with the tuberous sclero-
sis complex.
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