
neutrophils and occlude the pulmonary vasculature in a caspase
1– and IL-1–dependent manner.

These findings are intriguing because they shed new light
on platelet-derived EVs in SCD and link platelet-derived EVs
to previously described roles of platelet–neutrophil aggregates
in ACS. The authors postulate that platelet EVs may potentiate the
formation of heterotypic platelet–neutrophil aggregates, resulting in
additional EV shedding in a positive feedback loop. These
investigations also bring to light the potential that additional
TLRs may contribute to activation of the inflammasome, platelet EV
shedding, and the formation of platelet–neutrophil aggregates in
SCD, an important area for further investigation. For example, TLR9
is known to bind free heme (generated during hemolysis,
a prominent feature of SCD). Gram-positive bacteria and porins
(components of encapsulated organism cell walls) are ligands for
TLR2. Thus, additional TLRs could be targets for future
investigations. In addition, the role of EVs derived from red
blood cells and endothelial cells in driving vaso-occlusive crisis
remains incompletely understood. Finally, these findings indicate
that inhibiting the shedding of platelet EVs may be of
therapeutic benefit in SCD, particularly with regard to prevention or
treatment of ACS. Indeed, these novel data may function as a catalyst
to employ pharmacologically available inhibitors of IL-1B
(anakinra), TLR4 (eritoran), and caspase 1 (VX-765) in clinical trials
of vaso-occlusive crisis in patients with SCD. n
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Discovering CausalMechanistic Pathways in Sepsis-associated Acute
Respiratory Distress Syndrome

In this issue of the Journal, Jones and colleagues (pp. 47–56) find
that sRAGE (soluble receptor for advanced glycation end products)
blood levels are related to sepsis-associated acute respiratory

distress syndrome (ARDS) (1). Moreover, they make the bold claim
that sRAGE causally contributes to sepsis-associated ARDS. This
is an important step to take, for multiple reasons. First, the
sepsis and ARDS fields are littered with hundreds of reports
of an association between inflammatory pathway molecule
measurements and clinical outcomes (2). Although they are
interesting, these associations have not led to the introduction of
new therapies to prevent or ameliorate sepsis-induced lung
injury/ARDS or any other clinically important outcome (3).
Second, identification of a true causal pathway points the field
toward a plausible intervention strategy and relevant biomarkers,

This article is open access and distributed under the terms of the Creative
Commons Attribution Non-Commercial No Derivatives License 4.0
(http://creativecommons.org/licenses/by-nc-nd/4.0/). For commercial usage
and reprints, please contact Diane Gern (dgern@thoracic.org).

Supported by Canadian Institutes of Health Research FDN 154311.

Originally Published in Press as DOI: 10.1164/rccm.201909-1772ED on
September 23, 2019

EDITORIALS

2 American Journal of Respiratory and Critical Care Medicine Volume 201 Number 1 | January 1 2020

http://www.atsjournals.org/doi/suppl/10.1164/rccm.201909-1741ED/suppl_file/disclosures.pdf
http://www.atsjournals.org
http://crossmark.crossref.org/dialog/?doi=10.1164/rccm.201909-1772ED&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dgern@thoracic.org
http://dx.doi.org/10.1164/rccm.201909-1772ED


as modulation of a causal pathway would result in altered clinically
relevant outcomes, not just a change in a blood cytokine level.
Third, claiming causality is bold because it invites us to examine
the methodology that supports the inference of causality (4).
Understanding when the data support causal inference and
when they do not is a key issue that many previous association
studies have not adequately addressed. This may have contributed
to the critical care medicine field embarking on inadequately
supported interventional approaches, as indicated by the many
failed sepsis-related clinical trials (5). Examining this methodology
also makes us ask, what additional information should we
seek, and what are the best next research steps? Fourth, using
the current study by Jones and colleagues as a “proof of principle,”
it is clear that we may be able to extract more knowledge from
a thoughtful combination of clinical and basic biological measures
from our current and growing patient datasets.

Is sRAGE, among Many Inflammatory Biomarkers, a Good
Starting Point?
Many blood biomarkers have been reported to be associated with
the development of ARDS (6). Among these, the investigators
chose to study sRAGE (1). The investigators support this as a
reasonable choice by referring to the substantial body of evidence
already in place that demonstrates that RAGE is found in the
right place (lung [7]), at the right time (when an inflammatory
response is induced [8]), doing the right thing (potentiates the
inflammatory response [9]), and with the right effect on
perturbation (RAGE knockout mice have better clinically related
outcomes [10]) to allow the hypothesis of causality to be
considered. But does this model-derived knowledge translate to the
clinically relevant outcome of sepsis-associated ARDS in humans?
Evidence of causality in humans is therefore critically important.

Approaches to Causal Inference
The most common approach to test for causality is to intentionally
modify the putative causal agent and then measure the effect. This
works in animal models (e.g., RAGE knockout mice [10]) but
typically is very challenging and/or very expensive to do in humans
(e.g., clinical trials of experimental interventions in humans). A more
recently applied approach to infer causality from observational data
is to use instrumental variables (4). For example, if a new tobacco tax
(the statistical instrument that reduces smoking) reduces the
incidence of lung cancer, we can infer that smoking causally
contributes to lung cancer because there is no other plausible way
that a tobacco tax could have this effect (11). When genetic variation
is used as the statistical instrument, the instrumental variable
approach is often called Mendelian randomization, because the
genotype is “randomly” assigned at conception and is not influenced
by a host of confounding issues (measurement and environmental
factors, considered broadly) (4).

Rather than using a single genetic variant, these investigators
used multiple genetic variants, associated to varying degrees with
sRAGE levels, as statistical instruments. They then tested
for the associations that allow for causal inference. First, the
investigators confirmed that sRAGE is associated with sepsis-
associated ARDS. Then, they found that sRAGE genetic instruments
that were associated with greater differences in sRAGE levels were
also associated with a greater effect on sepsis-associated ARDS,
and genetic instruments that were associated with smaller

differences in sRAGE levels were proportionally associated with a
smaller effect on sepsis-associated ARDS (Figure 2 in Reference 1).
Based on these findings, the investigators reasoned (by the
Mendelian randomization flow of logic) that the sRAGE genetic
instruments could only be plausibly associated with sRAGE levels
and sepsis-associated ARDS in this way if sRAGE causally
contributed to sepsis-associated ARDS.

Examining Limitations of the Methodology and Next Steps
From previous work, it is clear that the RAGE pathway modulates
the septic inflammatory response (7–10). The current data build
on that knowledge and support the hypothesis that the RAGE
pathway causally contributes to the development of sepsis-
associated ARDS in humans. But this is just a start. Was it really
sRAGE? It seems that sRAGE genetic instruments would also be
effective in reflecting a molecule directly upstream within the
RAGE pathway that may be the true causal contributor, with
sRAGE being a proportional but noncausal byproduct. In addition,
as these investigators point out, this analysis supports the
hypothesis of causality but does not define the underlying
mechanism of causality, indicating a need for future investigations.
Furthermore, it would be helpful to validate the genetic scores
independently to reduce the potential for type 1 error when nearly
a million variants were considered. Would the same genetic
instruments predict a somewhat similar effect on sRAGE levels
in separate populations, and would the same genetic instruments
yield similar associations with the development of ARDS in an
analysis of a completely separate population? The limited overlap
of genetic variants (and even genes) identified in European
ancestry and African ancestry populations highlight this concern.
Effect size is an even more important issue that this statistical
methodology starts to address; that is, would an intervention
impacting the RAGE pathway have a sufficiently large effect to
meaningfully alter clinically relevant outcomes?

A very positive outcome of this study is that sRAGE, as an
intermediate phenotype, becomes a powerful tool in the route
toward developing novel therapeutic interventions. A phase 2 trial of
a novel intervention likely would not be powered to detect a
statistically significant difference in a relevant clinical outcome.
However, a relatively small phase 2 trial may be sufficiently powerful
to detect a significant difference in sRAGE levels that, based
on the current work, may predict clinical benefit. The simple
measurement of sRAGE levels opens up the therapeutic
development field to investigators who do not have the same
financial resources that big pharma may have. Simple but creative
ideas can also be tested; for example, do different ventilation or
resuscitation strategies alter sRAGE?

Proof of Principle
Stepping outside of the RAGE pathway, this study demonstrates that
the large datasets that are being developed can be powerful discovery
tools pointing toward potential new therapeutic strategies (12).
These valuable datasets optimally would contain clinically relevant
physiological and outcome data, intermediate phenotype data (e.g.,
protein, gene expression, and other omic measurements), and
genotype measurements (13). There is no fundamental reason why
even complex multipathway approaches and precision medicine
approaches (i.e., biomarker-defined subpopulations) could not be
examined, so long as the study populations are very large. n
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Asbestos, Pleural Plaques, and Lung Cancer: Untangling
the Relationships

Asbestos exposure remains an important public health and clinical
problem; industrial use has been significantly reduced but not
eliminated (1). Significant risks of asbestosis, lung cancer,
malignant mesothelioma, and other effects continue for many
former exposed workers and family members with prior
paraoccupational exposure. Pleural plaques, or localized thickening
of the parietal pleura, are the most common consequence of
asbestos exposure (2). Assessing the relationship between pleural
plaques and lung cancer risk is particularly timely now that low-
dose computed tomography (LDCT) screening of high-risk tobacco
smoking–exposed populations has been demonstrated to reduce
mortality. High-resolution computed tomographic screening policy
largely focuses on tobacco smokers and inadequately addresses
persons with significant risk from asbestos or other occupational
carcinogens.

Brims and colleagues (3) in this issue of the Journal (pp. 57–
62) provide very important data on the relationship of pleural
plaques to lung cancer risk. Asbestos exposure causes lung cancer
and produces pleural plaques. The paper by Brims and colleagues
addresses the important question, “Among persons with known

moderate-heavy asbestos exposure, do those with pleural plaques
have increased lung cancer risk relative to similarly exposed
persons without plaques?” All participants were known to have
significant asbestos exposure. The investigators used Cox
regression analyses to assess whether pleural plaques were
associated with an elevated hazard ratio (HR) for lung cancer. The
analyses were adjusted for asbestos exposure, sex, tobacco smoking,
and the presence of asbestosis. Pleural plaque status was
determined from the most recent radiographic imaging (either CT
or chest radiography) or the most recent imaging at least 1 year
before cancer diagnosis.

The authors conclude that plaques per se, when adjusted for
the extent of asbestos exposure and other risk factors, do not
enhance the risk of lung cancer. This has important implications
for patient counseling and selecting participants to optimize the
benefit–risk relationship for individuals and programmatic cost-
effectiveness of LDCT screening.

This study has unique strengths. The results were consistent in
two distinct, well-defined cohorts. Western Australian crocidolite
asbestos miners and community members with extensive residential
exposure comprise the first cohort. The second cohort is a
nationwide collection of workers in occupations well known to have
extensive exposure. The Australian surveillance program is
particularly effective at accurately assessing each participant’s
individual cumulative exposure (4–7). The long latency between
initial asbestos exposure and development of malignancy requires
long-term studies; the Australian program includes annual
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