Immunotherapy for Sepsis

A Good Idea or Another Dead End?

Warren L. Lee, M.D., Ph.D.

HE treatment of sepsis

remains an intractable prob-
lem in critical care. It has been
called the “graveyard”! for phar-
maceutical companies in recogni-
tion of dozens of negative clinical
trials; chis reflects multiple distinct
approaches that appeared promis-
ing based on in vitro experiments
and animal models but that failed
to improve survival in patients
with sepsis. To date, the only ther-
apies for sepsis remain supportive
care, including prompt admin-
istration of antibiotics, adequate
source control of the underlying
infection (if known), and vigi-
lance to prevent iatrogenicity and
the other complications of being
critically ill. The lack of a spe-
cific therapy for sepsis reflects our
inadequate understanding of its pathogenesis. While it was
initially believed that an “excessive” inflammatory response
accounted for the manifestations of sepsis, antiinflamma-
tory therapy was persistently unsuccessful in human clini-
cal trials.? Now, a dominant theory for what causes death
in sepsis is that the immune system becomes anergic, mak-
ing patients vulnerable to nosocomial infection.® It has been
suggested that patients with sepsis therefore be treated with
immunostimulants.

In this issue, Kusakabe ez @/’ report that administra-
tion of interferon-B 12 h after cecal ligation and perforation
improved survival in a mouse model of severe sepsis. While
only 25% of control mice survived, the survival rate was
more than 50% in the interferon-f—treated group. Animals
treated with interferon-f3 after the onset of sepsis displayed
enhanced leukocyte function, including increased phago-
cytosis and cytokine expression. A strength of this study is
that the cecal ligation and perforation model of sepsis is the
gold standard in the field, mimicking what clinicians might
see after an intraabdominal perforation and resultant fecal
soiling. This study adds to a substantial body of preclini-
cal literature, largely in mouse models of sepsis, suggesting
that modulation of the immune system can improve sur-
vival.*” However, it is important to note that Kusakabe
et al. also observed that prophylactic administration of

“...[W]hat causes mortality
from sepsis?”

interferon-—3h prior to cecal
ligation and perforation—was
associated with worsened survival
(only 4% of animals survived)
and with impaired immune func-
tion. While the detrimental effect
on survival may have been unex-
pected, the potentially immuno-
suppressive actions of interferon-f3
are well known.®?

What can clinicians take away
from this study? While the trial
was well conducted, it is uncertain
how the findings might ultimately
be translated to the bedside. From
a practical standpoint, the observa-
tion that prophylactic administra-
tion of interferon-f3 is harmful is
clearly problematic. The sequence
of events in sepsis can be com-
plex, and it is not uncommon for
patients to develop a second episode of sepsis. For example,
a patient with septic shock from bowel ischemia often devel-
ops a second ischemic episode hours to days later. The study
by Kusakabe ez a/. highlights the risk of immunomodulation
during acute infection.

More fundamentally, it is unclear whether immunosup-
pression accounts for death from sepsis in patients. There is
no doubt that alterations in the immune system occur during
sepsis; these include lymphocyte apoptosis, reduced cytokine
production, and decreased functioning of antigen-presenting
cells.? It is less clear whether these alterations cause pathology
or are instead markers of severity of illness (“epiphenomena”).
Epidemiologic data suggest that intensive care unit—acquired
infections occur more frequently in the sickest sepsis patients,
but that they do 7or substantially contribute to overall mor-
tality. In a large prospective cohort study of intensive care
unit patients (more than 3,600 admissions, almost half for
sepsis), van Vught et al.'® reported the incidence and attrib-
utable mortality of intensive care unit—acquired infection.
The hypothesis was that if sepsis-induced immunosuppres-
sion was a major cause of death, septic patients who devel-
oped intensive care unit-acquired infections should have a
higher mortality rate than those who did not. Instead, the
absolute difference in mortality in patients with sepsis and
patients with sepsis who did not develop an intensive care

Image: ©ThinkStock.
Corresponding article on page 131.

Accepted for publication March 20, 2018. From the Keenan Research Centre for Biomedical Research, St. Michael’s Hospital, Toronto,
Canada; and the Interdepartmental Division of Critical Care, Department of Medicine, University of Toronto, Toronto, Canada.

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. All Rights Reserved. Anesthesiology 2018; 129:5-7

Anesthesiology, V 129 * No 1

July 2018

¥202 UdJelN 0 uo 1senb Aq ypd'80000-0 002081 0Z/L0ES8E/S/L/6Z L /APd-B]ole/ABOj0ISBUISOUE/LIOD JIEYDIBA|IS ZSE// )Y WOl papeojumoq

Copyright © 2018, the American Society of Anesthesio@g,igﬁdqgﬁyggg{%ﬁmbmg%%c. Unauthorized reproduction of this article is prohibited.



unit-acquired infection was only 2% higher in the group
with intensive care unit—acquired infection at 60 days after
intensive care unit admission. The percentage of intensive
care unit mortality caused by intensive care unit—acquired
infection was only 5.5% at 30 days and 10.9% at 60 days
after admission. This modest effect of intensive care unit—
acquired infection on mortality rates was observed despite
a genomic response in blood leukocytes of sepsis patients
consistent with immunosuppression. An earlier but smaller
retrospective cohort study of patients dying with septic shock
reported similar findings.!! Thus, nosocomial infection is not
a major contributor to mortality in septic patients.

To date, there are little clinical trial data on immunomodu-
latory therapy for sepsis. A small (n = 38 patients) placebo-con-
trolled study of granulocyte-macrophage colony-stimulating
factor in patients with severe sepsis or septic shock and low lev-
els of monocyte human leukocyte antigen—antigen D related (a
cell surface receptor required for antigen presentation) reported
improvements in monocyte function in the treatment group;
however, granulocyte-macrophage colony-stimulating factor
had no significant effect on clinical parameters except a shorter
duration of mechanical ventilation.'? Similarly, a meta-analysis
of placebo-controlled studies of granulocyte—colony stimu-
lating factor or granulocyte-macrophage colony-stimulating
factor for sepsis observed no difference in 28-day mortality.'
Thus, while immunosuppression is a characteristic feature of
human sepsis, clinical trials of immunostimulation are unlikely
to show benefit in most patients with sepsis.

If not immunosuppression, what causes mortality from
sepsis? Fortunately there are numerous alternative hypoth-
eses to explain organ failure from sepsis. The loss of endothe-
lial barrier integrity leads to vascular leakage in both acute
respiratory distress syndrome and sepsis.!*"!® Tissue edema,
both subcutaneous and visceral, while long recognized as a
typical feature of human sepsis, is absent from most animal
models. Edema can itself impair organ function either by
disrupting diffusion of oxygen or by directly affecting the
tissue parenchyma. There is therefore great interest in deter-
mining whether the enhancement of vascular integrity can

alter the outcome of human sepsis, -1

and I anticipate clin-
ical trials of this approach in the next few years.

In addition to vascular leakage, other theories exist (as
reviewed by van der Poll ez 4/%°). For instance, the auto-
nomic nervous system has been shown to regulate inflamma-
tion,?! and stimulation of the vagus nerve improved survival
in a mouse model of sepsis.?> Impaired mitochondrial func-
tion during sepsis has long been observed® and is postulated
to contribute to sepsis-induced organ dysfunction.?**>

In conclusion, progress in the treatment of sepsis is likely to
come only when we understand its underlying mechanisms.
Sepsis is a highly heterogeneous clinical entity; defined as a syn-
drome of organ dysfunction in response to infection. For a given
patient, it is challenging to know whether any specific organ dys-
function (e.g;, immunosuppression, vascular leakage) represents

the cause or the effect of the overall clinical picture. Indeed, it is
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possible that sepsis represents a constellation of different disor-
ders manifesting as organ dysfunction, rather than a specific dis-
ease. However, despite the accumulated negative clinical trials,
there are grounds for optimism. There have been advances in our
ability to interrogate large clinical datasets, which enable the gen-
eration of dlinically relevant hypotheses.® When these advances
are combined with novel tools to manipulate the genome? and
perform definitive preclinical experiments, it seems only a matter
of time before we understand the causes and mechanisms of sep-
sis. Whether sepsis turns out to be one disease or many, this will
be good news for clinicians and most importantly for patients
suffering from this devastating syndrome.
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