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Commentary: Biomarkers and
magical thinking
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Novel biomarkers are set to
transform science and health
care, but rigorous research
methodology, including valida-
tion, is essential.
Joanna Chikwe, MD, FRCS, and
Dominic Emerson, MD

If you think the device-driven upheaval in cardiovascular
research, practice and business is a big deal, just wait until
you see what is happening with biomarkers. Biomarkers
encompass almost any aspect of a living organism that
you can objectively measure. Described by the US Food
and Drug Administration as “a defined characteristic that
is measured as an indicator of normal biological processes,
pathogenic processes, or responses to an exposure or inter-
vention,”1 biomarkers have been part of medicine from the
moment we started measuring pulse rates, ST segments,
and serum cholesterol. But we are now on the threshold
of explosive growth and change in how we understand,
use, and profit from biomarkers, driven by dramatic reduc-
tions in the time and cost of measuring an exponentially
increasing array of genetic, genomic, and biologic mea-
sures; unprecedented capacity to store and analyze vast
amounts of data; and major advances in systems biology.

In a superb review, Dr Robert Califf, US Food and Drug
Administration commissioner between 2016 and 2017, now
affiliated with Stanford, Duke, and Google, underlines the
critical importance of biomarkers in discovery science,
product development, and health care. He states, “The
benefit of using a biomarker for a specific purpose is
directly related to the quality of the research supporting
it.”1 And there lies the rub. The quality and reproducibility
of this research is variable, frequently characterized by mis-
conceptions around the role of biomarkers and the need for
rigorous methodology, including validation, with commer-
cial interests dwarfing the cardiovascular devices sector,
fueling magical thinking all round.
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Where in this picture of a massive and commercially
driven paradigm shift in diagnostics, monitoring, and
prediction does the study by Engleman and colleagues2

in this issue of the Journal fit? Engleman and colleagues2

compared the incidence of postoperative acute kidney
injury before and after implementation of a care bundle
for patients judged to be at higher risk on the basis of 2
urinary biomarkers. They report reduced rates of
kidney injury with their care bundle (which included
avoiding nephrotoxic agents, such as angiotensin-
converting enzyme inhibitors and contrast; minimizing
hyperglycemia; close monitoring of urinary output; and
goal-directed fluids) and conclude that routine urinary
biomarkers are useful adjuncts, allowing targeted
intervention.
The science may be sound, but the logic is faulty. True,

some data indicate that these novel biomarkers may be
earlier and more reliable markers of postoperative kidney
injury than traditional ones, such as oliguria and serum
creatinine, but estimates of sensitivity and specificity vary
widely, at best approaching 90%.3 The study by Engelman
and colleagues2 really only assesses the efficacy of their
renal care bundle. Selecting 50% of patients at random
for this bundle, rather than using biomarkers, might have
improved outcomes equally—and treating everyone with
the care bundle could have improved outcomes even
more. It is impossible to knowwithout relevant comparative
data.
This distinction—between the efficacy of the interven-

tion and the utility of the biomarkers—is important. It is
important at the patient level, because a fairly standard,
safe, and effective care bundle could be withheld from
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almost half of patients on the basis of a test with limited
sensitivity and specificity. It is important at the health
care level because, citing similarly flawed research, the
recent ERAS (Enhanced Recovery After Surgery) guide-
lines, of which Dr Engleman is lead author, made this use
of biomarkers a class IIa recommendation.4 And the magic
does not stop there—these ERAS guidelines were cited in
the 2018 annual report of the $2.4 billion revenue biotech
company that acquired Astute Medical (who developed
this biomarker assay and for whom 3 of the authors consult)
for $90 million.5
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Identification of postoperative
kidney stress through urinary
biomarkers, followed by initiation
of therapeutic interventions, may
decrease incidence of stage 2 to
3 acute kidney injury.
Acute kidney injury (AKI) after cardiac surgery remains a
persistent problem, reliably increasing morbidity, hospital
length of stay, cost, and mortality. For decades, researchers
have tried to tackle the problem of diagnosis and treatment
for AKI, with limited success. In this issue of the Journal,
Engelman and colleagues,1 a group of investigators from
Massachusetts, reveal that identification of kidney stress
through urinary biomarkers during the immediate postoper-
ative period, followed by initiation of therapeutic interven-
tions, may help.

This retrospective quality improvement project focused
on 435 patients before and 412 patients after initiation of
an AKI reduction protocol. Patients in the protocol had uri-
nary biomarkers measured the morning after cardiac sur-
gery. If markers were elevated above a predetermined
level (indicating kidney stress), a multidisciplinary Acute
Kidney Response Team was activated, and they initiated
therapeutic interventions according to a predetermined
algorithm that was based on Kidney Disease: Improving
Global Outcomes (KDIGO) guidelines. The Acute Kidney
Response Team was activated for 54% of the 412 patients.
Stage 2 to 3 AKI (according to KDIGO criteria) occurred in
10 of 435 control patients (no AKI reduction protocol) yet
in only 1 of 412 patients in the intervention group (89%
relative reduction, statistically significant). These results
indicate that early intervention and preemptive renal
salvage techniques in patients at risk for kidney injury
decrease progression to severe AKI.

In clinical practice, AKI is diagnosed on the basis of a
decrease in urinary output or increase in serum creatinine,
both of which lack sensitivity and specificity.2,3 Serum
creatinine is a late marker that takes 48 to 72 hours to
gery c November 2020
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